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We conducted a serologic survey of 2,430 serum samples
collected during 1997-2012 for various studies to determine
the prevalence of the hemorrhagic fever virus Ebola virus
(EBOV) in equatorial Africa. We screened serum samples
for neutralizing antibodies by using a pseudotype microneu-
tralization assay and a newly developed luciferase immu-
noprecipitation system assay. Specimens seroreactive for
EBOV were confirmed by using an ELISA. Our results sug-
gest a serologic prevalence of 2%—-3.5% in the Republic of
the Congo and the Democratic Republic of the Congo, which
have reported outbreaks of infection with EBOV. In addition
we detected a seroprevalence of 1.3% in southern Camer-
oon, which indicated a low risk for exposure in this region.

he 2014 outbreak of Ebola virus disease in West Africa

has changed our understanding of viral hemorrhagic fever
epidemiology. What was previously thought to be a sporad-
ic, localized disease is now perceived as a more widespread
threat to public health in heavily populated regions. The re-
emerging epidemic illustrated the need for epidemiologic in-
vestigations of the serologic prevalence and geographic range
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of hemorrhagic fever viruses, as well as development of novel
serologic assays for their detection and surveillance.

Three species in the genus Ebolavirus and 1 species
in the genus Marburgvirus within the family Filoviridae
cause hemorrhagic fever in humans and have triggered sev-
eral outbreaks with high case-fatality rates (/). Ebola vi-
ruses (EBOVs) have been found to asymptomatically infect
different bat species and are known to cause fatal infections
in great apes and other wildlife in the Congo Basin (2,3).
Consequently, it has been proposed that bush-meat hunt-
ing, butchering, and consumption, as well as mining and
caving, are potential risk factors associated with EBOV in-
fection (4,5). However, epidemiologic links are not always
well established (6), and the risk for exposure to hemor-
rhagic fever viruses for the general population in Central
and West Africa remains unclear. Data are limited in that
previous serologic surveys for filoviruses date back several
decades (7-9) or have focused on specific populations and
locations with high exposure to potential risk factors (6,/0).

We conducted a widespread serologic survey for
EBOV-specific antibodies in 5 countries in central Africa,
including known filovirus-endemic regions (the Democratic
Republic of the Congo [DRC], the Republic of the Congo,
and Uganda), as well as areas without previously reported
filovirus infections (Ghana and Cameroon). We tested 2,430
serum samples for specific antibodies to EBOV proteins to
determine the seroprevalence of this virus in the respective
populations. Serologic assays for detection of antibodies
against EBOV glycoprotein (EBOV-GP), matrix protein
(VP40), and nucleoprotein (NP) included novel micro-
neutralization and luciferase immunoprecipitation system
(LIPS) assays, as well as a commercially available ELISA.

Materials and Methods
Samples

The deidentified serum samples tested in this study were
obtained from several different studies in 5 countries in

'Current affiliation: University of Veterinary Medicine, Hannover,
Germany.
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Africa and were collected during different periods as part of
unrelated surveillance projects using approved human sub-
jects protocols. We obtained sampling locations, numbers,
and collection dates (Table; Figure 1).

Cell Lines

Human embryonic kidney 293T, human rhabdosarcoma
RD, and African green monkey COS-1 cells were grown
in Dulbecco modified essential medium supplemented with
10% fetal bovine serum, L-glutamine, nonessential amino
acids, and antimicrobial drugs (penicillin and streptomy-
cin). Cells were incubated at 37°C in a humidified atmo-
sphere containing 5% CO,.

Plasmids

Expression plasmids were constructed by restriction-li-
gation cloning of viral glycoprotein sequences into mul-
tiple cloning site of the pCAGGS expression vector. We
obtained the HIV pNL4-3 R°E-plasmid containing the
firefly luciferase gene (pNL-Luc) from the National In-
stitutes of Health AIDS Reagent Program (https:/www.
aidsreagent.org). The corresponding plasmid encoding Re-
nilla luciferase (pNL-Ren) was generated by swapping the
firefly luciferase gene for Renilla luciferase (/7). We also
used the pRen2 vector for expression of Renilla luciferase
fusion proteins (/2).

Pseudotype Preparation

We generated pseudotypes as described (/7) by using 25
ug EBOV-GP expression plasmid or 30 ug Machupo virus
glycoprotein (MACV-GP) expression plasmid and 10 pg
pNL-Luc or pNL-Ren. Before use in neutralization assays,
we titered pseudotypes for RD cells to normalize input rela-
tive light units.

Pseudotype Microneutralization Assay
We diluted heat-inactivated human serum samples in cul-
ture medium, mixed with viral inoculum, and incubated at
room temperature for 1 h. We used final serum dilutions of
1:50 and 1:500 in the high-throughput screen and dilutions
ranging from 1:10 to 1:31,250 in titrations. Subsequently,
30,000 RD cells/well were added and plates incubated at
37°C for 48 h. The MACV-GP, which is from an unrelated
arenavirus prevalent only in South America, was included
as a negative control. All infections were performed in du-
plicate, and each plate contained identical controls, includ-
ing uninfected cells, cells infected in absence of serum, and
cells infected with virus incubated with negative control
serum (US blood donor) or positive control serum from a
survivor of Ebola virus disease.

We lysed cells and measured luciferase activities in
cell lysates by using the Dual-Glo Luciferase Assay System
(Promega, https://www.promega.com). Infection rates in

Table. Assay results for study of serologic prevalence of Ebola virus in equatorial Africa*

No. (%) No. (%) No. (%)EBOV  No. (%)
Collection No. EBOV EBOV ELISA+/no. EBOV
Country City Risk group period samples  neut+ LIPS+ tested confirmed 95% ClI, %t
Uganda Unknown AIDS 1997 106 0 1(0.9) 0/1 0 0-1(0-0.9)
Cameroon  Unknown AIDS 1997 96 0 4(4.2) 0/4 0 0-4 (04.2)
Ghana Unknown AIDS 1997 48 0 0 0/0 0 0
Cameroon All locations lliness of 2011-2012 160 2(1.3) 4(25) 2/6 (33.3) 2(1.3) 0-6 (0-3.8)
unknown
etiology
Cameroon Djoum lliness of 2011-2012 35 0 1(2.9) 0/1 0 0-1(0-2.9)
unknown
etiology
Cameroon Ebolowa lliness of 2011-2012 80 0 1(1.3) 0/1 0 0-1(0-1.3)
unknown
etiology
Cameroon Sangmelima lliness of 2011-2012 45 2(4.4) 2(4.4) 2/4 (50.0) 2(4.4) 2-4 (4.4-8.9)
unknown
etiology
ROC All locations HIV 1999 458 4(0.9) 9(2.0) 9/13 (69.2) 9 (2.0) 0-13 (0-2.8)
surveillance
ROC Madingou HIV 1999 149 1(0.7) 1(0.7) 1/2 (50.0) 1(0.7) 0-2 (0-1.3)
surveillance
ROC Nkayi HIV 1999 149 0 3(2.0) 3/3 (100.0) 3(2.0) 0-3 (0-2.0)
surveillance
ROC Owando HIV 1999 160 3(1.9) 5(.1) 5/8 (62.5) 5(3.1) 0-8 (0-5.0)
surveillance
DRC Kinshasa  Blood donors  2011-2012 752 12 (1.6) 38(5.1) 8/38 (21.1) 15(2.0) 5-38(0.7-5.1)
DRC Kasai Monkeypox 2007 810 15(1.9) 52(6.4) 15/54 (27.8) 27 (3.3) 1-54 (0.1-6.7)
Oriental surveillance
Total NA NA 1997-2012 2,430 33(1.4) 108 (4.4) 34/116(29.3) 53(2.2) 6-116(0.34.8)

*Confirmed seroprevalence rates are based on reactivity in >2 different assay formats. DRC, Democratic Republic of the Congo; EBOV, Ebola virus;
LIPS, luciferase immunoprecipitation system; NA, not applicable; neut, neutralization assay; ROC, Republic of the Congo; +, positive.
tBased on number of samples reactive in all 3 assays to number of samples reactive in a single assay (values in parentheses).
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Republic of
the Congo (n = 458)

—

Figure 1. Numbers of serum samples collected from Ghana,
Cameroon, Republic of the Congo, DRC, and Uganda in study
of serologic prevalence of Ebola virus in equatorial Africa. DRC,
Democratic Republic of the Congo.

the presence of serum samples were expressed as percent-
age of infection in the presence of negative control serum.

Heat-inactivated human serum samples were diluted in
culture medium, mixed with viral inoculum, and incubated
at room temperature for 1 hour. Final serum dilutions of
1:50 and 1:500 were used in the high-throughput screen,
and dilutions ranging from 1:10 to 1:31,250 were used in
titrations. Subsequently, 30,000 RD cells/well were added
and plates incubated at 37°C for 48 hours. The MACV-
GP, which is from an unrelated arenavirus prevalent only
in South America, was included as a negative control. All
infections were performed in duplicates and each plate con-
tained identical controls, including uninfected cells, cells
infected in absence of serum, and cells infected with virus
incubated with negative control serum (US blood donor)
or positive control serum from a survivor of Ebola virus
disease. Cells were lysed, and luciferase activities in cell
lysates were measured by using the Dual-Glo Luciferase
Assay System (Promega, https://www.promega.com). In-
fection rates in the presence of serum samples were ex-
pressed as percentage of infection in the presence of nega-
tive control serum.

Luciferase Immunoprecipitation System
For expression of Renilla luciferase antigen fusion pro-
teins, we cloned the C-terminal domain of EBOV VP40
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(bp positons 583-981) into the pRen2 plasmid and trans-
fected it into Cos-1 cells by using a 10-cm culture dish, 10
pg plasmid DNA, and the TransIT 2020 Transfection Re-
agent (Mirusbio, https://www.mirusbio.com). Cell lysates
containing the fusion proteins were harvested at 48-h post-
transfection. The LIPS assay was performed as described
(12). We measured luciferase activities by using the Renilla
Luciferase Assay System Substrate (Promega).

ELISA

We obtained ELISA kits for detection of human IgG
against Zaire EBOV NP from Alpha Diagnostics Interna-
tional (https://www.4adi.com). We performed assays ac-
cording to the manufacturer’s instructions at 1:200 sample
dilutions and read absorbance at 450 nm.

Data Analysis and Assay Cutoff Determination

We considered serum samples that reduced infection with
EBOV pseudoviruses by >50% in the high-throughput
screen compared with a negative serum control to be po-
tential neutralizing samples and confirmed this assessment
by titration over a 5-fold sample dilution series. MACV-
GP pseudotypes served as internal control for nonspecific
neutralization activity. Only 1 sample showed nonspecific
neutralization of MACV pseudotypes at the 50% cutoff
value, demonstrating the general specificity of the micro-
neutralization assay (Figure 2).

We determined reactivity in the EBOV VP40 LIPS as-
say by calculating the cutoff for each experiment on the ba-
sis of the average + 3 SDs of 10 presumed negative samples
from Kinshasa, DRC, included in each experiment to moni-
tor plate-by-plate variations. We defined the cutoff value
for the commercial EBOV-NP ELISA as 4.62 U/mL on the
basis of the average + 3 SDs of the background signal in
47 presumed negative samples from Kinshasa. In addition,
assay specifications require that the resultant 4 calibrator
optical density values are plotted against concentration and
that a linear fit be applied to the data. An R? value >0.90
must be observed for the plate to pass this test.

All assays included 3 serum samples from recently
confirmed EBOV survivors as positive controls. Serum
samples reactive in >2 separate assays were considered
confirmed seropositive. We calculated prevalence rates on
the basis of the number of confirmed seropositive speci-
mens. We defined 95% CIs on the basis of the number of
samples reactive in >1 assay (high) or reactive in all 3 as-
says (low).

Results

We tested all samples for EBOV-specific antibodies against
VP40 by using the LIPS assay (Figure 3) and for neutral-
izing antibodies by using a pseudotype neutralization as-
say (Figure 2). We then conformed seroreactivity in either
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Figure 2. High-throughput screening data for neutralizing antibodies against EBOV and MACV glycoprotein pseudotypes in serum
samples in study of serologic prevalence of Ebola virus in equatorial Africa. A) Uganda; B) Cameroon; C) Ghana; D) southern
Cameroon; E) Republic of the Congo; F) Kinshasa, Democratic Republic of the Congo; G) Kasai Oriental Province, Democratic Republic
of the Congo. Serum samples were tested at a 1:50 dilution against the different pseudotypes. Samples that reduced pseudotype
infectivity by >50% compared with a negative serum control were considered positive and confirmed by titration. Error bars indicate 95%

Cls. EBOV, Ebola virus; MACV, Machupo virus.

assay by using an EBOV-NP—specific ELISA (Figure 4).
No antibody-positive samples for EBOV were detected in
the 1997 HIV surveillance samples from Ghana (n =48) by
any of the assays (Figure 2, panel C). The VP40 LIPS assay
detected 1 (0.9%) of 160 reactive cases in Uganda and 4
(4.2%) of 96 reactive cases in Cameroon (Figure 3). How-
ever, none of these reactive samples were confirmed by
neutralization assay or EBOV-NP ELISA (Figure 2, panels
A, B; Figure 4). In contrast, samples collected in Cameroon
during 2011-2012 contained 2 (1.3%) of 160 EBOV-neu-
tralizing serum samples (Figure 2, panel D) and 4 (2.5%)
of 160 VP40 antibody—positive samples (Figure 3). Both
neutralizing serum samples were confirmed by EBOV-NP
ELISA, but the 4 VP40-positive samples were nonreactive
in other assays (Figure 4). Both neutralizing samples and
2 of the VP40-reactive serum samples were collected in
Sangmelima, and the 2 other VP40-reactive samples were
collected in Djoum and Ebolowa (Table).

Although analysis of the 1997 HIV surveillance sam-
ples from Ghana, Uganda, and Cameroon yielded incon-
clusive results, we determined an overall EBOV serop-
revalence in Cameroon of 1.3% (95% CI 1.3%-3.8%) on
the basis of the 2011-2012 samples (Table). Because both
confirmed seropositive samples originated from Sangme-
lima, this finding resulted in a local seroprevalence rate of
4.4% (Table).

914

We tested 458 samples from 3 locations in the Re-
public of the Congo (Nkayi, n = 149; Madingou, n =
149; and Owando, n = 160) by using the VP40-LIPS and
pseudotype neutralization assays. Four (0.9%) samples
showed EBOV pseudotype neutralization activity: 1
sample from Madingou and 3 samples from Owando
(Figure 2, panel E). Nine (2.0%) samples showed reac-
tivity to VP40 in the LIPS assay: 5 from Owando, 3 from
Nkayi, and 1 from Madingou (Figure 3). Although none
of the 4 neutralizing samples could be confirmed, all 9 of
the VP40-reactive specimens showed positive results in
the EBOV-NP ELISA (Figure 4). The overall serologic
prevalence for EBOV in the Republic of the Congo was
2.0% (95% CI 2.0%-2.8%) (Table). Local prevalence
rates were 3.1% in Owando, 2.0% in Nkayi, and 0.7%
in Madingou.

Of 752 blood donor samples from Kinshasa, 12
(1.6%) showed neutralizing activity specific for EBOV-
GP and were positive for VP40-specific antibodies by the
LIPS assay (Figure 2, panel F; Figure 3). Five (41.7%) of
12 neutralizing specimens were confirmed by EBOV-NP
ELISA, and they showed positive results in all 3 assays
(Figure 4; Figure 5, panel B). Of the nonneutralizing sam-
ples, an additional 26 samples were reactive in the VP40
LIPS (total VP40 reactive = 5.1%), but only 3 samples
were confirmed by EBOV-NP ELISA (Figure 3; Figure 5,
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Figure 3. Antibody reactivity against Ebola virus matrix protein

as measured by luciferase immunoprecipitation system assay for
the different sample sets in study of serologic prevalence of Ebola
virus in equatorial Africa. Data were normalized against individual
cutoff values determined for each experiment. Samples yielding
reactivity >1 were counted as positive specimens. Error bars
indicate 95% Cls. 1, Uganda 2007; 2, Cameroon 2007; 3, Ghana
2007; 4, Cameroon 2011-2012; 5, Republic of the Congo; 6,
Kinshasha, Democratic Republic of the Congo; 7, Kasai Oriental
Province, Democratic Republic of the Congo.

panel B). The serologic prevalence for EBOV in this pop-
ulation was 2.0% (95% CI 1.1%-5.1%) (Table).

Similarly, of 810 samples from Kasai Oriental Prov-
ince, 15 (1.9%) samples neutralized EBOV-GP pseudo-
types, but only 1 was confirmed by EBOV-NP ELISA
(Figure 2, panel G; Figure 4). Thirteen of the 15 neutral-
izing samples (including the ELISA-positive sample) and
39 nonneutralizing samples were reactive with VP40 (to-
tal VP40-reactive = 6.4%) (Figure 3; Figure 5, panel C).
Fourteen of the nonneutralizing VP40-reactive samples
showed positive results in the EBOV-NP ELISA, which
resulted in a triple-positive rate of 0.1% and a double-
positive rate of 3.2% (Figure 4; Figure 5, panel C). The
serologic EBOV prevalence in this population was 3.3%
(95% CI1 0.1%—6.4%) (Table).

We found a serologic prevalence for EBOV of 1.3%
in Cameroon, a country without previously reported cases
of EBOV infections, and prevalence rates ranging from
2.0% in the Republic of the Congo and Kinshasa (DRC)
to 3.3% in Kasai Oriental Province (DRC). We found no
serologically reactive specimens in Ghana and Uganda in
the samples available for this study (Table).

Discussion

To better investigate the distribution of hemorrhagic fever
viruses across Africa, we tested a large number of serum
samples from 5 countries in East (Uganda), Central (Re-
public of the Congo and DRC), West (Ghana), and West
Central (Cameroon) Africa, including samples collected
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Figure 4. Summarized Ebola virus nucleoprotein ELISA data
for confirmation of neutralizing and LIPS-reactive specimens
across all sample sets in study of serologic prevalence of
Ebola virus in equatorial Africa. For comparison, 57 random
nonneutralizers were included. The ELISA cutoff value of 4.62
U/mL (dashed line) was determined on the basis of background
reactivity for 47 serum samples from the local general
population. Error bars indicate 95% Cls. LIPS, luciferase
immunoprecipitation system.

during different decades. Our main concern after reviewing
previously published serologic studies was an overestima-
tion of seropositivity on the basis of data generated by as-
says with limited specificity. Therefore, we chose our test-
ing strategy and defined our assay cutoff values in the most
conservative way. The detection of neutralizing antibodies
against viral glycoproteins is one of the most specific sero-
logic tests for most viruses.

The microneutralization test enables simultaneous
testing of serum samples against 2 distinct viral glyco-
proteins, thereby providing internal specificity controls.
In our study, detection of EBOV antibodies by microneu-
tralization might have led to an underestimation of serop-
revalence because of a minor role of neutralizing antibod-
ies in filovirus disease (/3). However, one of our recent
studies in EBOV disease survivors found neutralizing an-
tibodies 40 years after exposure (/4), suggesting a long-
lived and robust response. Filovirus NPs resemble each
other in amino acid sequence, organization, and structure
among the different filoviral species and even show partial
similarities to NPs of paramyxoviruses (/5). Accordingly,
studies have reported cross-reactive antibodies against NP
with the highest frequency (/6). In our study, we observed
a high background signal in the EBOV NP ELISA when
serum samples from areas with low risk for EBOV ex-
posure were tested. This result led us to adjust the cutoff
value for the NP ELISA to increase the specificity, which
in turn reduced the sensitivity of this assay. Some stud-
ies suggest that antibodies against VP40 are more preva-
lent than antibodies against GP and NP in asymptomatic
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Figure 5. Overlap of different assay results for Ebola virus serology across all samples in study of serologic prevalence of Ebola virus
in equatorial Africa. A) Total sample set; B) sample sets from Kinshasha, Democratic Republic of the Congo; C) sample set from Kasai
Oriental Province, Democratic Republic of the Congo. LIPS, luciferase immunoprecipitation system; NA, not applicable (ELISA was
performed only for samples with positive results in other assays); NP, nucleoprotein; VP40, matrix protein.

infections (/7). However, there have also been reports of
VP40 antibody responses in nonimmunized, presumably
nonexposed humans, indicating some background immu-
nity against EBOV in human populations (/8). Our results
suggest the presence of VP40 antibodies in persons who
could not be confirmed to be specific for EBOV with any
of the other antigens.

All samples were also screened for antibodies against
Marburg virus (MARYV) glycoprotein (MARV-GP); only
1 sample showed cross-reactivity against both filovirus
glycoproteins. A small number of samples from all 5 coun-
tries included in this study were reactive against MARV-
GP in a pseudotype neutralization assay and MARV-GP
ELISA. However, these data could not be confirmed be-
cause of the lack of positive controls and available assays.
Even so, this finding might suggest a wide geographic
range of MARYV or related viruses and their natural res-
ervoir hosts. Serologic evidence for MARYV infection of
several bat species has been found in northern Republic
of the Congo and Gabon, which have borders with Cam-
eroon (/9), and MARV RNA has recently been detected
in bats in Sierra Leone (A. Liah et al., pers. comm.; [20]).
Furthermore, a study that modeled the risk for zoonotic
MARYV transmission across sub-Saharan Africa found a
substantial threat for MARYV transmission in Cameroon
and identified southern Cameroon as a beneficial target
site for future surveillance efforts (217).

Serologic evidence for EBOV exposure was de-
tected in the Republic of the Congo, the DRC, and the
2011-2012 samples from southern Cameroon. Although
10 outbreaks of Ebola virus disease have been reported
in the DRC since its discovery in 1976 to its latest reap-
pearance in 2018 (22), and a series of 4 separate outbreaks
are known to have occurred in the Republic of the Congo
during 2001-2005 (23,24), Ebola virus disease has not
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been diagnosed in Cameroon to date. However, a serolog-
ic survey conducted in 1983 in different areas of Camer-
oon suggested Ebola virus disease prevalence rates on the
basis of indirect immunofluorescence (now known to be
rather unspecific) ranging from 3.0% to 14.5%, depending
on ethnicity and location (7). In comparison, we found a
lower EBOV prevalence of 1.3% (95% CI 1.3%-3.8%)
on the basis of reactivity with >2 virus antigens and dif-
ferent assay formats in a small set of samples from south-
ern Cameroon. This finding illustrates the dependence of
serologic data on sampling method, time, location, and
assay specificities.

We also found EBOV prevalence rates of =2.0% for
the Republic of the Congo and a blood donor cohort in
Kinshasa, DRC. These results are consistent with those of
a serologic survey of blood donors in the Republic of the
Congo during 2011, which reported an EBOV prevalence
rate of 2.5% (5). A serologic survey conducted during the
1995 EBOV outbreak in Kikwit, DRC, reported preva-
lence rates of 2.2% for workers in Kikwit and an average
of 9.3% in surrounding villages, suggesting a higher risk
for EBOV exposure in rural settings (25). Similarly, we
identified a higher prevalence rate of 3.5% in villages in
Kasai Oriental Province in the central region of the coun-
try compared with a prevalence rate of 2.0% in the urban
capital of Kinshasa. However, samples from the 2 cohorts
in the DRC were collected as part of unrelated studies, un-
der separate protocols, and at different time points, which
limited the validity of direct comparison. Moreover, many
persons living in Kinshasa have migrated to the capital
from other parts of the country that have lower or higher
risks for exposure to EBOV.

A study in the northeastern Watsa region of the
DRC during 2002 reported one of the highest reported
EBOV prevalence rates (18.7%) in the local Efé¢ pygmy
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population, which included traditional primate hunters
(6). These results, combined with our data, suggest that
EBOV exposure risks might vary greatly in different loca-
tions and populations across Central Africa. Furthermore,
the choice of serologic assay(s) and methods for setting
assay cutoff values vary widely between different stud-
ies, which might contribute to the broad range of reported
EBOV prevalence rates.

In conclusion, we used a conservative approach of
multiple serologic assays with stringent assay cutoff val-
ues normalized by background assay reactivity for the
general local population to determine that EBOV expo-
sure outside recognized outbreaks is likely a rare event.
Nevertheless, serologic evidence of past EBOV expo-
sure was detected throughout different regions of central
Africa. This finding could be explained by migration of
persons from areas with known risk for exposure or thus
far undetected presence of the virus in these regions. In
addition, specific regions might experience increased lev-
els of human exposure to EBOV or undiscovered related
viruses because of ongoing environmental, societal, and
behavioral changes.

Acknowledgments

We thank Edward Murphy for help and advice in specimen
acquisition and Peter Burbelo for providing the pRen2 vector for
expression of Renilla luciferase fusion proteins.

This study was supported by National Institutes of Health/
National Institute of Allergy and Infectious Diseases grant

R21 AI107420-01A1 to G.S. and K.L. and German Research
Foundation (Deutsche Forschungsgemeinschaft) fellowship STE
2237-1-1to LS.

About the Author

At the time of this study, Dr. Steffen was a postdoctoral fellow
at the Vitalant Research Institute (formerly called the Blood
Systems Research Institute) and the Department of Laboratory
Medicine, University of California, San Francisco, CA. She is
currently the head of a Junior Research Group at the University
of Veterinary Medicine, Hannover, Germany. Her research
interests are newly identified and emerging RNA viruses

with a focus on viral entry, neutralization, glycoprotein
characterization, and development of serologic assays.

References

1. Murray MJ. Ebola virus disease: a review of its past and present.
Anesth Analg. 2015;121:798-809. http://dx.doi.org/10.1213/
ANE.0000000000000866

2. Leroy EM, Kumulungui B, Pourrut X, Rouquet P, Hassanin A,
Yaba P, et al. Fruit bats as reservoirs of Ebola virus. Nature.
2005;438:575-6. http://dx.doi.org/10.1038/438575a

3. Leroy EM, Rouquet P, Formenty P, Souquiére S, Kilbourne A,
Froment JM, et al. Multiple Ebola virus transmission events and

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 25, No. 5, May 2019

10.

11.

12.

13.

14.

15.

16.

17.

Prevalence of Ebola Virus in Equatorial Africa

rapid decline of central African wildlife. Science. 2004;303:
387-90. http://dx.doi.org/10.1126/science. 1092528

Bausch DG, Borchert M, Grein T, Roth C, Swanepoel R,

Libande ML, et al. Risk factors for Marburg hemorrhagic

fever, Democratic Republic of the Congo. Emerg Infect Dis.
2003;9:1531-7. http://dx.doi.org/10.3201/eid0912.030355

Moyen N, Thirion L, Emmerich P, Dzia-Lepfoundzou A, Richet H,
Boehmann Y, et al. Risk factors associated with Ebola and Marburg
viruses seroprevalence in blood donors in the Republic of Congo.
PLoS Negl Trop Dis. 2015;9:¢0003833. http://dx.doi.org/10.1371/
journal.pntd.0003833

Mulangu S, Borchert M, Paweska J, Tshomba A, Afounde A,
Kulidri A, et al. High prevalence of IgG antibodies to Ebola virus
in the Efé pygmy population in the Watsa region, Democratic
Republic of the Congo. BMC Infect Dis. 2016;16:263.
http://dx.doi.org/10.1186/s12879-016-1607-y

Bouree P, Bergmann JF. Ebola virus infection in man: a serological
and epidemiological survey in the Cameroons. Am J Trop Med
Hyg. 1983;32:1465-6. http://dx.doi.org/10.4269/ajtmh.1983.32.1465
Johnson ED, Gonzalez JP, Georges A. Haemorrhagic fever virus
activity in equatorial Africa: distribution and prevalence of filovirus
reactive antibody in the Central African Republic. Trans R Soc
Trop Med Hyg. 1993;87:530-5. http://dx.doi.org/10.1016/
0035-9203(93)90075-2

Tomori O, Fabiyi A, Sorungbe A, Smith A, McCormick JB.

Viral hemorrhagic fever antibodies in Nigerian populations.

Am J Trop Med Hyg. 1988;38:407-10. http://dx.doi.org/10.4269/
ajtmh.1988.38.407

Becquart P, Wauquier N, Mahlakdiv T, Nkoghe D, Padilla C, Souris M,
et al. High prevalence of both humoral and cellular immunity to
Zaire ebolavirus among rural populations in Gabon. PLoS One.
2010;5:€9126. http://dx.doi.org/10.1371/journal.pone.0009126
Zhou Y, Steffen I, Montalvo L, Lee TH, Zemel R, Switzer WM,

et al. Development and application of a high-throughput
microneutralization assay: lack of xenotropic murine leukemia
virus-related virus and/or murine leukemia virus detection in blood
donors. Transfusion. 2012;52:332-42. http://dx.doi.org/10.1111/
j-1537-2995.2011.03519.x

Burbelo PD, Goldman R, Mattson TL. A simplified
immunoprecipitation method for quantitatively measuring antibody
responses in clinical sera samples by using mammalian-produced
Renilla luciferase-antigen fusion proteins. BMC Biotechnol.
2005;5:22. http://dx.doi.org/10.1186/1472-6750-5-22

Lennemann NJ, Herbert AS, Brouillette R, Rhein B, Bakken RA,
Perschbacher KJ, et al. Vesicular stomatitis virus pseudotyped

with Ebola virus glycoprotein serves as a protective, non-
infectious vaccine against Ebola virus challenge in mice. J Virol.
2017;91:JV1.00479-17. http://dx.doi.org/10.1128/JV1.00479-17
Rimoin AW, Lu K, Bramble MS, Steffen I, Doshi RH, Hoff NA,

et al. Ebola virus neutralizing antibodies detectable in survivors of
the Yambuku, Zaire outbreak 40 years after infection. J Infect Dis.
2018;217:223-31. http://dx.doi.org/10.1093/infdis/jix584

Sanchez A, Kiley MP, Klenk HD, Feldmann H. Sequence analysis
of the Marburg virus nucleoprotein gene: comparison to Ebola
virus and other non-segmented negative-strand RNA viruses.

J Gen Virol. 1992;73:347-57. http://dx.doi.org/10.1099/
0022-1317-73-2-347

Natesan M, Jensen SM, Keasey SL, Kamata T, Kuehne Al,

Stonier SW, et al. Human survivors of disease outbreaks caused

by Ebola or Marburg virus exhibit cross-reactive and long-lived
antibody responses. Clin Vaccine Immunol. 2016;23:717-24.
http://dx.doi.org/10.1128/CVI1.00107-16

Becquart P, Mahlakdiv T, Nkoghe D, Leroy EM. Identification of
continuous human B-cell epitopes in the VP35, VP40,
nucleoprotein and glycoprotein of Ebola virus. PLoS One.
2014;9:€96360. http://dx.doi.org/10.1371/journal.pone.0096360

917



RESEARCH

18.

19.

20.

21.

22.

Alpha Diagnostics International. Ebola detection using rapid tests
and ELISA kits for humans and animals [cited 2018 Oct 8].
https://www.4adi.com/objects/catalog/product/extras/

Ebola Marburg Vaccines ELISA Flr.pdf

Pourrut X, Souris M, Towner JS, Rollin PE, Nichol ST,

Gonzalez JP, et al. Large serological survey showing cocirculation
of Ebola and Marburg viruses in Gabonese bat populations, and a
high seroprevalence of both viruses in Rousettus aegyptiacus. BMC
Infect Dis. 2009;9:159. http://dx.doi.org/10.1186/1471-2334-9-159
Fox M. Deadly Ebola cousin Marburg found in West African bats;
2018 [cited 2019 Jan 4]. https://www.nbcnews.com/health/
health-news/ deadly-ebola-cousin-marburg-found-west-african-bats-
n950331

Pigott DM, Golding N, Mylne A, Huang Z, Weiss DJ, Brady OJ,
et al. Mapping the zoonotic niche of Marburg virus disease in
Africa. Trans R Soc Trop Med Hyg. 2015;109:366-78.
http://dx.doi.org/10.1093/trstmh/trv024

Rosello A, Mossoko M, Flasche S, Van Hoek AJ, Mbala P,
Camacho A, et al. Ebola virus disease in the Democratic

Republic of the Congo, 1976-2014. eLife. 2015;4:4.
http://dx.doi.org/10.7554/eLife.09015

Nkoghe D, Kone ML, Yada A, Leroy E. A limited outbreak of
Ebola haemorrhagic fever in Etoumbi, Republic of Congo, 2005.
Trans R Soc Trop Med Hyg. 2011;105:466—72. http://dx.doi.org/
10.1016/j.trstmh.2011.04.011

Pourrut X, Kumulungui B, Wittmann T, Moussavou G,

Délicat A, Yaba P, et al. The natural history of Ebola virus in
Africa. Microbes Infect. 2005;7:1005—14. http://dx.doi.org/
10.1016/j.micinf.2005.04.006

Busico KM, Marshall KL, Ksiazek TG, Roels TH, Fleerackers Y,
Feldmann H, et al. Prevalence of IgG antibodies to Ebola virus
in individuals during an Ebola outbreak, Democratic Republic of
the Congo, 1995. J Infect Dis. 1999;179(Suppl 1):S102-7.
http://dx.doi.org/10.1086/514309

23.

24.

25.

Address for correspondence: Graham Simmons, Vitalant Research
Institute, 270 Masonic Ave, San Francisco, CA, 94118-4417, USA:

email: gsimmons@vitalant.org

EMERGING

e Zika Virus Testing and Outcomes during Pregnancy, Florida,
USA, 2016

e Sensitivity and Specificity of Suspected Case Definition Used
during West Africa Ebola Epidemic

e Nipah Virus Contamination of Hospital Surfaces during
Outbreaks, Bangladesh, 2013-2014

e Detection and Circulation of a Novel Rabbit Hemorrhagic
Disease Virus, Australia

e Drug-Resistant Polymorphisms and Copy Numbers in
Plasmodium falciparum, Mozambique, 2015

e Increased Severity and Spread of Mycobacterium ulcerans,
Southeastern Australia

e Emergence of Vaccine-Derived Polioviruses during Ebola
Virus Disease Outbreak, Guinea, 2014-2015

e Characterization of a Feline Influenza A(H7N2) Virus

¢ Japanese Encephalitis Virus Transmitted Via Blood
Transfusion, Hong Kong, China

¢ Changing Geographic Patterns and Risk Factors for Avian
Influenza A(H7N9) Infections in Humans, China

* Pneumonic Plague in Johannesburg, South Africa, 1904

INFECTIOUS DISEASES

High-
Pathogens

January 2018

Consequence

e Dangers of Noncritical Use of Historical Plague Databases

* Recognition of Azole-Resistant Aspergillosis by Physicians
Specializing in Infectious Diseases, United States

¢ Melioidosis, Singapore, 2003—2014

e Serologic Evidence of Fruit Bat Exposure to Filoviruses,
Singapore, 2011-2016

e Expected Duration of Adverse Pregnancy Outcomes after
Zika Epidemic

e Seroprevalence of Jamestown Canyon Virus among Deer
and Humans, Nova Scotia, Canada

® Postmortem Findings for a Patient with Guillain-Barré
Syndrome and Zika Virus Infection

e Rodent Abundance and Hantavirus Infection in Protected
Area, East-Central Argentina

» Two-Center Evaluation of Disinfectant Efficacy against Ebola
Virus in Clinical and Laboratory Matrices

¢ Phylogeny and Immunoreactivity of Human Norovirus
GlI.P16-GlI.2, Japan, Winter 2016-17

e Mammalian Pathogenesis and Transmission of Avian
Influenza A(H7N9) Viruses, Tennessee, USA, 2017

To revisit the January 2018 issue, go to:
https://wwwnc.cdc.gov/eid/articles/issue/24/1/table-of-contents

91

8 Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 25, No. 5, May 2019




