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ABSTRACT
A serological survey of 2,430 archived serum samples collected between 1997 and 2012 was conducted to retrospectively
determine the prevalence of Marburg virus in five African countries. Serum samples were screened for neutralizing
antibodies in a pseudotype micro-neutralization assay and confirmed by enzyme-linked immunosorbent assay (ELISA).
Surprisingly, a seroprevalence for Marburg virus of 7.5 and 6.3% was found in Cameroon and Ghana, respectively,
suggesting the circulation of filoviruses or related viruses outside of known endemic areas that remain undetected by
current surveillance efforts. However, due to the lack of validated assays and appropriate positive controls, these
results must be considered preliminary.
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Filoviruses, including Ebola and Marburg viruses,
cause outbreaks of viral disease with a broad range of
clinical symptoms, including hemorrhagic fever, and
high fatality rates in humans and non-human primates
in Central Africa [1]. Increasing evidence points to an
association of filoviruses with fruit bats as at least one
natural reservoir host. Marburg virus has been isolated
from Rousettus aegyptiacus bats, and viral RNA and
antibodies have been detected in several other species
[2,3]. Moreover, Marburg virus spillover infections to
humans are often linked to entering caves or mines
housing large bat populations [2,4]. Prior to 2014, it
was assumed that filoviruses were restricted to small
pockets in Central Africa where they sporadically
made the jump from animal reservoirs to local
human populations. However, the emergence of
Ebola virus in West Africa in 2014 and its subsequent
spread to densely populated areas was surprising and
led to missed opportunities to control spread in the
early phase of the outbreak [5]. This outbreak directed
us and others to more closely investigate the geographi-
cal distribution and epidemiology of filoviruses in ani-
mals and humans across wider parts of Central Africa.
One of our recent studies aimed to determine the

serologic prevalence of Ebola virus in human popu-
lations of five West and Central African countries [6]
(Table 1). We tested 2,430 serum samples collected
initially for other epidemiologic studies for antibodies
against three major Ebola virus antigens (glycoprotein
(GP), nucleoprotein (NP) and matrix protein (VP40))
using three different assay formats, including neutraliz-
ation, ELISA and a luciferase immunoprecipitation sys-
tem (LIPS) [6]. Our findings suggested a low overall
prevalence of 2–3.5% in known endemic countries,
such as the Republic of Congo (ROC) and the Demo-
cratic Republic of Congo (DRC). Additionally, a
small percentage of samples (1.3%, n = 160) from
Southern Cameroon were reactive with two or more
Ebola virus antigens indicating a potential risk for
filovirus exposure in this non-endemic region of Africa
[6]. To scrutinize these results and to test for cross-
reactivity with antigens of other related viruses, we
additionally screened all samples for antibodies against
the Marburg virus glycoprotein (MARV-GP) in a high-
throughput pseudotype neutralization assay (Figure
1C–J). Pseudotypes carrying the glycoprotein (GP) of
the unrelated South American arenavirus Machupo
virus (MACV) were included as a specificity control.
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Samples that reduced the infectivity of MARV-GP
pseudotypes by more than 50% with no change in
infectivity of control pseudotypes were titrated over a
broader range of concentrations to confirm neutraliz-
ing activity. Reactive samples were additionally tested
in a commercially available ELISA for the detection
of anti-MARV-GP antibodies (Figure 1B).

The viral glycoproteins were expressed from a
pCAGGS expression plasmid. Pseudotype viruses
were generated in HEK293T cells as previously
described [7] with 30 μg MARV-GP or MACV-GP
expression plasmids and 10 μg pNL-Luciferase or
pNL-Renilla HIV reporter backbones (NIH AIDS
Reagent Program, Division of AIDS, NIAID, NIH; cata-
log #3418) [8], respectively. Neutralization assays were
performed with human muscle rhabdomyosarcoma
(RD) cells. Heat-inactivated human sera were diluted
in culture medium, mixed with viral inoculum (con-
taining a mix of both MARV-GP andMACV-GP pseu-
dotypes encoding the two different luciferase enzymes)
and incubated at room temperature for 1 h. Final
serum dilutions of 1:50 and 1:500 were used in the
high-throughput screen, while dilutions ranging from

1:10 to 1:31,250 were used in titrations. Subsequently,
30,000 RD cells/well were added and plates were incu-
bated at 37°C for 48 h. All infections were performed in
duplicate and each plate contained identical controls,
including uninfected cells, cells infected in the absence
of serum, and cells infected with virus incubated with
negative control serum from US blood donors. Cells
were lysed and luciferase activities in cell lysates were
measured with the Dual-Glo Luciferase Assay System
(Promega). Infection rates in the presence of serum
samples were expressed as a percentage of infection
in the presence of negative control serum.

ELISA kits for the detection of human anti-Marburg
virus glycoprotein (GP) IgG were purchased from
Alpha Diagnostics International (catalog # AE-
322620-1) and were performed following the manufac-
turer’s instructions at 1:200 sample dilutions with
absorbance read at 450 nm. Four calibrators are
included with the ELISA kit. Assay specifications
require calibrator OD values to be plotted against con-
centration and a linear fit is applied to the data. An R2

greater than .90 must be observed for the plate to pass
quality testing. As the cut-off value recommended by

Table 1. Summary of sample origin, numbers, risk group and testing results in the Marburgvirus (MARV) neutralization assay
(MARV Neut) and MARV-glycoprotein (GP) ELISA.

Country Location Risk group
Collection
period

Sample
Number

MARV
Neut

MARV
ELISA

MARV double
reactive

single + double
reactive

Uganda unknown AIDS 1997 106 3 3/3 3 3

(100% HIV-positive) 2.8% 100% 2.8% 2.8%

Cameroon unknown AIDS 1997 96 1 0 0 1

(100% HIV-positive) 1.0% 0.0% 0.0% 1.0%

Ghana unknown AIDS 1997 48 4 3/4 3 4

(100% HIV-positive) 8.3% 75.0% 6.3% 8.3%

Cameroon all locations illness of unknown etiology 2011–2012 160 18 12/18 12 18

11.3% 66.7% 7.5% 11.3%

Cameroon Djoum illness of unknown etiology 2011–2012 35 0 0 0 0

0.0% 0.0% 0.0% 0.0%

Cameroon Ebolowa illness of unknown etiology 2011–2012 80 13 8/13 8 13

16.3% 61.5% 10.0% 16.3%

Cameroon Sangmelima illness of unknown etiology 2011–2012 45 5 4/5 4 5

11.1% 80.0% 8.9% 11.1%

ROC all locations HIV surveillance 1999 458 4 4/4 4 4

(3.5% HIV-positive) 0.9% 100% 0.9% 0.9%

ROC Madingou HIV surveillance 1999 149 1 1/1 1 1

(4.7% HIV-positive) 0.7% 100% 0.7% 0.7%

ROC Nkayi HIV surveillance 1999 149 1 1/1 1 1

(2.7% HIV-positive) 0.7% 100% 0.7% 0.7%

ROC Owando HIV surveillance 1999 160 2 2/2 2 2

(3.1% HIV-positive) 1.3% 100% 1.3% 1.3%

DRC Kinshasa blood donors 2011–2012 752 5 2/5 2 5

0.7% 40.0% 0.3% 0.7%

DRC Kasaï Oriental monkeypox surveillance 2007 810 16 2/16 2 16

2.0% 12.5% 0.2% 2.0%

Total 1997–2012 2430 51 26/51 26 51

2.1% 51.0% 1.1% 2.1%

Samples were considered MARV reactive if they gave positive results in both assays (highlighted column), whereas the last column includes the cumulative
number of samples that were reactive in one or both assays to represent the upper limit of the estimated seroprevalence.
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the manufacturer of 1.0 U/ml generated unrealistically
high positivity rates, we used samples from a similar
locality to determine background reactivity. The cut-
off value for the MARV-GP ELISA was ultimately
defined to be 2.94 U/ml based on the average plus
three standard deviations of the background signal in
47 samples from Kinshasa, DRC, that were presumed
negative on the basis of low reactivity in both assays
(Figure 1J). Serum samples reactive in both MARV-
GP specific assays were considered seroreactive. Preva-
lence rates were calculated based on the number of ser-
oreactive specimens.

Testing of HIV-positive samples collected in 1997 in
Cameroon, Uganda and Ghana identified 8

neutralizing specimens, one in Cameroon (1.0%, n =
96), three in Uganda (2.8%, n = 106) and four in
Ghana (8.3%, n = 48) (Table 1, Figure 1C–E). While
the neutralizing sample in Cameroon was not
confirmed by MARV-GP ELISA, all three neutralizing
samples from Uganda and three of four neutralizing
samples from Ghana were also reactive in the
MARV-GP ELISA (Table 1, Figure 1B). This resulted
in MARV seroprevalence rates of 2.8% in Uganda
and 6.3% in Ghana (Table 1). Surprisingly, 18 samples
collected in Cameroon in 2011/2012 (11.3%, n = 160)
showed neutralizing activity against MARV pseudo-
types (Table 1, Figure 1F), of which 13 originated
from Ebolowa and five from Sangmelima (Figure 1A,

Figure 1. Serological screening of 2,430 serum samples from five African countries for antibodies against the Marburgvirus glyco-
protein (MARV-GP). Close-up map of Central Africa with approximate location of relevant towns, cities and districts (A). Results of
serum neutralization at 1:50 dilution of MARV-GP or Machupo virus glycoprotein (MACV-GP) pseudotyped HIV with samples from
Uganda (C), Cameroon (D, F), Ghana (E), Republic of Congo (G), Kinshasa, DRC (H), Kasaï Oriental, DRC (I) and negative control
samples from Kinshasa, DRC (J). Confirmatory ELISA results for detection of anti-MARV-GP antibodies in 51 neutralizing samples
compared to 22 randomly selected non-neutralizing samples across all sample sets (B).
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Table 1). Twelve neutralizing samples (eight from Ebo-
lowa and four from Sangmelima) were confirmed in
the MARV-GP ELISA (Table 1, Figure 1B), resulting
in MARV seroprevalence rates of 7.5% in Cameroon
overall and local rates of 10.0% in Ebolowa and 8.9%
in Sangmelima based on the 2011/2012 samples
included in our study (Figure 1A, Table 1). Four
samples from the ROC (0.9%, n = 458) were found to
neutralize MARV pseudotypes (Table 1, Figure 1G),
including two from Owando and one each from
Nkayi and Madingou (Table 1). All four samples
were confirmed by MARV-GP ELISA (Table 1, Figure
1B), resulting in an overall MARV seroprevalence of
0.9% in the ROC (Table 1). Of the ROC samples,
3.5% were HIV-positive. However, no correlation
between HIV status and MARV seroreactivity could
be determined. Five blood donor samples from Kin-
shasa, DRC (0.7%, n = 752) contained MARV pseudo-
type-neutralizing antibodies (Table 1, Figure 1H).
Among these, two were confirmed by MARV-GP
ELISA (Table 1, Figure 1B) resulting in 0.3% serological
prevalence of MARV in this population (Table 1). In
contrast, 16 samples from Kasaï Oriental in the central
DRC (2.0%, n = 810) showed neutralizing activity
specific for MARV pseudotypes (Table 1, Figure 1I).
However, only two of 16 neutralizing specimens could
be confirmed by the MARV-GP ELISA testing (Table
1, Figure 1B) for a specific MARV seroprevalence of
0.2% in Kasaï Oriental (Table 1). Where available,
demographic data was tested for possible correlation
with MARV seroreactivity within the individual sample
sets. However, no pattern for increased (or reduced) risk
of possible MARV exposure emerged. The quantifi-
cation of MARV-GP antibodies by ELISA did not corre-
late with neutralization activity. Only one sample from
Kasaï Oriental showed cross-reactivity against Ebola
and Marburg virus glycoproteins with weak neutralizing
activity against both viruses. None of the Ebolavirus
reactive samples tested positive in the MARV-GP
ELISA, suggesting sufficient specificity to distinguish
between two related filoviruses. However, the sensitivity
of the assay has not been systematically determined and
it remains unclear if any of the neutralizing, but ELISA-
negative samples were due to high background signals.
For the present study we chose to select rather stringent
assay cut-offs to avoid an overestimation of the resulting
seroprevalence.

The reactivity of a small number of serum samples
in our study against MARV-GP in pseudotype neutral-
ization and ELISA may suggest a wider geographical
range of MARV or related filoviruses and their natural
reservoir hosts across different regions of Africa. How-
ever, in contrast to our study on Ebolavirus seropreva-
lence, confirmed MARV-reactive samples were not
available to us for inclusion in our MARV neutraliz-
ation assays as positive controls. For this reason, our
assays could not be validated and the results shown

here should be considered preliminary. In light of
recent studies on the presence of MARV inWest Africa
[9], we see value in sharing our data nevertheless. In
fact, a recent survey of 675 human serum samples
from Sierra Leone found a prevalence of anti-MARV
antibodies of 10.7% [10]. MARV RNA has recently
been detected in bats in Sierra Leone (unpublished
data communicated by Drs. Brian Bird and Jonathan
Towner [9]) and serological evidence for MARV infec-
tion of several bat species has been found in the North-
ern ROC and Gabon, direct southern neighbours of
Cameroon [11]. Furthermore, a recent study modelling
the risk of zoonotic MARV transmission across Sub-
Saharan Africa found a substantial threat for MARV
transmission in Cameroon and identified Southern
Cameroon as a beneficial target site for future surveil-
lance efforts [12]. Together these studies highlight an
increasing body of evidence for the presence of
filoviruses in previously unrecognized regions of Africa.
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