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devastating public health catastrophe in Nigeria.

Background The recent outbreaks of Marburg virus disease (MVD) in Guinea and Ghana have become a major public
health concern not only to the West African sub-region but a threat to global health.

Main body of the abstract Given the poorly elucidated ecological and epidemiological dynamics of the Marburg
virus, it would be imprudent to preclude the possibility of another pandemic if urgent efforts are not put in place.
However, the prior emergence and impact of COVID-19 and other co-occurring epidemics may add ‘noise’to the
epidemiological dynamics and public health interventions that may be required in the advent of a MVD outbreak in

Short conclusion Paying attention to the lessons learned from previous (and current) multiple epidemics including
Avian Influenza, Yellow fever, Ebola virus disease, Monkeypox, Lassa fever, and COVID-19 could help avoid a potentially
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Background

Marburg virus disease (MVD) is a highly contagious,
fatal, and infectious disease caused by the Marburg
virus (MARV), a member of the Filoviridae family, and
closely related to the widely known Ebola virus (EBOV)
(Shi et al. 2018; Kuhn et al. 2019; WHO, 2021a). Simi-
lar to other filoviruses, MARV causes acute and lethal
haemorrhagic fever in humans (and nonhuman primates
(NHPs)) with high case fatality rates (CFR) ranging from
24 to 90% (Languon et al. 2019; Shifflett et al. 2019; WHO
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2021). MARV transmission occurs primarily through
direct contact with the natural reservoir host (strongly
believed to be Egyptian fruit bats, Roussettus aegypti-
cus) or their excreta (Changula et al. 2014; Amman et al.
2015; Paweska, et al. 2018; Kajihara et al. 2019). Second-
ary transmission occurs through contact with blood or
body secretions/excretions of infected humans, animals,
or with materials and surfaces (e.g. bedding, clothing)
contaminated with these secretions, and also, nosocomi-
ally, mostly through parenteral or unprotected exposure
(Sanchez et al. 2007; Mehedi et al. 2011a, b; Kortepeter
et al. 2020WHO 2021a).

Although detailed pathophysiological mechanisms
and processes characterizing MVD largely remain
elusive, the MVD incubation period ranges from 2 to
21 days and initially presents with influenza-like symp-
toms, high fever, myalgia and fatigue, dysphagia, dysp-
nea, edema, which further progresses to neurological
symptoms including encephalitis, confusion, delirium,
irritability, and aggression. During the later phase of
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the disease, patients may develop several hemorrhagic
manifestations (e.g. mucosal bleeding, petechiae, vis-
ceral hemorrhagic effusions, melena, bloody and severe
diarrhea, hematemesis, and uncontrolled leakage from
venipuncture sites, which finally lead to multiple organ
failure, shock, and death (Borchert et al. 2002; Bausch
et al. 2006; Colebunders et al. 2007; Sanchez et al. 2007;
Mehedi et al. 2011a, b; Okonji et al. 2022).

Since the first reported outbreak of MVD in the
1960s in Marburg, Germany, and also in Belgrade, Ser-
bia, where laboratorians got infected while working
with Cercopithecus aethiops (African green monkeys)
imported from Uganda, several unrelated and sporadic
outbreaks have been documented (Smith and Simp-
son 1967; Martini et al. 1968; Henderson et al. 1971;
Martini 1971; Slenczka and Klenk 2007; WHO 2021b).
Though MVD emerged in Europe, however, major-
ity of the outbreaks mostly occur in Africa. Over the
years, outbreaks and sporadic cases of MVD have been
repeatedly reported in Angola, Kenya, the Democratic
Republic of Congo, South Africa, Uganda, Zimbabwe,
and recently the Republic of Guinea, and Ghana respec-
tively (WHO 2021b; WHO 2022a). Whereas some out-
breaks consist of a small cluster of cases (as in South
Africa/Zimbabwe in 1975) (Conrad et al., 1978; WHO,
2021b; ECDC, 2022), other results in high morbidity
and mortality. For example, in the 2005 MVD outbreaks
in Angola, 374 cases were confirmed with 329 mortal-
ity (88% CFR) (Towner et al. 2006; WHO 2021b; ECDC
2022). Four outbreaks have been reported in Uganda in
2007, 2012, 2014, and 2017 with CFR between 27 and
100%. Between 1998 and 2000, 154 cases were reported
in Congo with 128 mortality (83% CFR) (Leroy et al.
2011; WHO 2021b; ECDC 2022). Furthermore, fatal
outbreaks of MVD were previously reported in the USA
as well as the Netherlands in 2008. Both cases were
reportedly imported from visits to a cave in western
Uganda (Mehedi et al. 2011a, b; Brauburger et al. 2012).

For more than five (5) decades since the emergence
of MARV, no countermeasures including prophylac-
tic, therapeutic, and/or vaccines have been successfully
developed and approved worldwide. Individuals infected
with MARV are often isolated, closely monitored for
clinical manifestations, and given supportive care. How-
ever, three Marburg vaccine candidates (MARV DNA,
MVA-BN-Filo, and cAd3) are in Phase I clinical trials
with one, MVA-BN-Filo scheduled for the second phase
of the trial (Reynolds and Marzi, 2017; Kortepeter et al.
2020). Furthermore, the recent recurrent West African
Ebola virus disease (EBV) epidemics have increased joint
efforts focused on developing vaccines and therapeutic
countermeasures against EVD as well as MVD (Olejnik
et al,, 2019).
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Main text

The current MDV epidemic and associated concerns

In 2021, the first West African outbreak of MVD was
reported in Guinea with 100% CFR. The sudden emer-
gence of MVD in West Africa was initially surprising,
however, ecological niche modeling has previously dem-
onstrated that the West African sub-region is one of the
regions with similar ecological features to other MARV
endemic areas and is at high risk of MVD (Peterson et al.
2006). Although the cause, origin/source, and reason
for the first MVD outbreak in West Africa still remain
unknown, the simultaneous emergence of MVD amidst
the current COVID-19 pandemic raises enormous public
health concerns not only for the West African sub-region
but the world over.

On the 17th of July 2022, the World Health Organiza-
tion confirm the latest MVD outbreak in Ghana (WHO,
2022a). This is the second MVD outbreak in the West
African subregion following the initial 2021 outbreak in
Guinea. The WHO has confirmed four unrelated MVD
cases reported in the Adansi North District, Ashanti
region and Sawla-Tuna-Kalba District, Savannah Region
with 3 mortalities (75% CFR) (CDC 2022). Through con-
tact tracing, follow-up, and testing the Ghana Health
Service and the WHO are conducting case investigations,
identifying sources of transmissions, reinforcing surveil-
lance, and also, educating communities and local popula-
tions about the dangers and risks of MVD (CDC 2022).
Given the poorly elucidated ecological and evolutionary
dynamics, and epidemiology of MAVR, Nigeria’s proxim-
ity to Ghana, and the high human traffic (which is poorly
and seldom regulated) between both countries, the Nige-
rian population is at a very high risk of MVD. Further-
more, Nigeria’s poor disease surveillance and reporting
could unduly expose its population to MVD due to its
(often) inadequate coordination and preparedness for
epidemics.

Unfortunately, Africa has within the last decade wit-
nessed a 63% increase in zoonotic disease of which 70%
are due to deadly emerging viruses (WHO 2022b). This
has created a huge burden not only on African health-
care systems but on the overall quality of life (Reuben
et al. 2020; Nnaji et al. 2021). Recent studies showed
how Nigeria’s (and the majority of African states) clini-
cal and public health have been adversely impacted by
the simultaneous occurrence of epidemics amidst multi-
ple endemic diseases (Nnaji et al. 2021; Uwishema et al.
2021).

Long before the emergence of COVID-19, Nigeria has
been battling with endemic and recurrent outbreaks
of Lassa fever (LF), a zoonotic and viral haemorrhagic
fever (Usuwa et al. 2020). Though deadlier than COVID-
19, the emergence of COVID-19 has seldom masked
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LF surveillance, reporting, and interventions in Nige-
ria (Reuben et al. 2020; 2021, Musa et al. 2022). Various
other infectious diseases of epidemic proportion circu-
lating in different (rural) communities have either been
underreported, underrated, and/or not given the needed
attention, and in most cases undetected. Recent Nigeria
Centre for Disease Control (NCDC) weekly epidemio-
logical reports show increasing cases and outbreaks of
different fatal and life-threatening infectious diseases of
epidemic (and pandemic) proportions including Lassa
fever, Avian Influenza, Yellow fever, Rubella, Measles,
Meningitis and cholera (NCDC, 2022a). Also, the recent
outbreaks and soaring cases of Monkeypox in Nigeria
(with about a thousand cases reported in 30 states) have
further aggravated the already existing public health
problems (NCDC 2022b).

The COVID-19 pandemic caused multiple healthcare-
associated disruptions in several (developing) countries
including Nigeria, which has contributed in the recent
rising cases of multiple diseases (Abbas et al. 2021; Hasan
et al. 2021; Khan et al. 2021; Mohan et al. 2021; Nnaji
et al. 2021; Yousaf et al. 2021). In Nigeria for instance, the
COVID-19 pandemic negatively affected surveillance,
testing, reporting, and treatment for other endemic
(and emerging) infectious diseases (Aborode et al. 2021;
Saalim et al. 2021). The unprecedented measures adopted
and implemented by the Nigerian government in miti-
gating the pandemic increased the difficulty in accessing
healthcare services. Furthermore, Nigeria’s weak health-
care systems were overburdened thus, negatively impact-
ing patients’ care and management.

Priority effects in co-epidemics dynamics and mitigation
The epidemiological dynamics of the emergence and
spread of infectious diseases are complex and mostly
influenced by changes in multiple biological, demo-
graphic, environmental, and socioeconomic factors
(Morse 2004; Chan et al. 2013). Recently, Nigeria has
been witnessing an upsurge of co-epidemics with sig-
nificant commonalities in both clinical presentation and
public health response. Priority effects, though widely
used in ecology refer to the negative or positive impacts
species will have on one another due to the order and/
or timing of their arrival in a community (Sprockett et al.
2018; Weidlich et al. 2021; Debray et al. 2022). Prior
arrival or emergence influences succession when species
with prior arrival history alter environmental conditions
or resources which significantly affects species that arrive
later, consequentially impacting their growth and sur-
vival in the community.

The co-occurrence of epidemics can decrease or
increase one another’s epidemic severity and trajectories
by interacting at the host population (or individual scale)
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(Clay et al. 2018, 2020). Thus, understanding infectious
disease dynamics (even before emergence in a popula-
tion) is imperative for timely public health interventions
and resource allocation. For instance, recent reports
showed how the recurrent Lassa fever outbreaks in Nige-
ria impacted public health interventions towards the
emergence of COVID-19 (Reuben et al. 2020; Uwishema
et al. 2021; Musa et al. 2022). Similarly, we opine that the
prior emergence and prolonged impact of COVID-19
may be important and also add ‘noise’ to epidemiologi-
cal dynamics and interventions that may be required in
case of a MVD outbreak in Nigeria. Because the control
and/or prevention of epidemics is essentially depend-
ent on limited sources (manpower, facilities, and funds),
effectively mitigating multiple epidemics within a popu-
lation can depend on the order and/or timing of their
emergence, severity, or epidemiology. Furthermore,
Nigeria’s capacity to effectively manage infectious disease
outbreaks remains suboptimal, largely due to poor sur-
veillance and record management, inadequate diagnosis,
weakened infection prevention and control (IPC) meas-
ures, and insufficient health funding amongst others.

The back-to-back recurrent outbreaks of MVD in West
African states (first in Guinea and currently, Ghana)
within 12 months interval is worrisome, and a great
threat to sub-regional public health. Since Nigeria occu-
pies the largest land area with about % of the entire West
African population (UN, 2022), there is a need for robust
preparedness in the event of a MVD outbreak. The major
complication in the first West African (Guinea) and the
current (Ghana) outbreaks of MVD is the unknown
source(s) of infection in the index cases. Other public
health challenges were obvious gaps in response capacity
including giving inadequate attention as required, poor
contact tracing and missing of high-risk contacts, and
inadequate IPC measures in communities and healthcare
facilities (WHO 2021c; Okonji et al. 2022). The proxim-
ity (due to shared land boundaries) among West African
states usually allows easy, frequent, and unchecked cross-
border movements of people (and goods) which could
easily contribute to the further spread of disease includ-
ing MVD to neighboring states. Apart from being over-
burdened with multiple epidemics, inadequate access to
(primary) healthcare services, insufficient public health
infrastructure and funding, and poor IPC measures have
always been major impediments in the management of
epidemics in Nigeria (Buseh and Stevens 2015; Nnaji
et al. 2021; Musa et al. 2022). Furthermore, the weakness
of disease surveillance and diagnosis in Nigeria (and the
West Africa sub-region) is another major concern that
could facilitate infectious disease outbreaks with devas-
tating consequences (Buesen et al. 2015; Aborode et al.
2021; Nnaji et al. 2021; WHO, 2021b).
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What should Nigeria do?

The COVID-19 pandemic has continued to adversely
impact Nigeria, making any MVD epidemic to further
exacerbate the already overburdened healthcare systems.
Howbeit, giving due diligence to the lessons learned
from previous (and current) multiple epidemics includ-
ing Avian Influenza, Yellow fever, Ebola virus disease,
Monkeypox, Lassa Fever, and currently COVID-19 could
help avoid a potentially devastating public health catas-
trophe. The entire country especially at the sub-national
levels should ensure early readiness and seriousness of
their healthcare systems to massively tackle suspected
MVD cases in a coordinated, timely, and efficient matter.
Disease surveillance networks should be intensified and
widened to determine and track individuals and com-
munities at risk (e.g. communities at the borders and
fringes) and implement appropriate IPC measures to
protect them as well as their contacts. To avoid miscon-
ceptions and stigmatization which could hamper contact
tracing (as in the case of Lassa fever, Ebola virus disease,
and COVID-19), urgent and massive MVD-related pub-
lic health enlightenment campaigns in all the federating
Nigerian states, local government areas, and districts are
necessary for knowledge and optimistic attitudes in the
advent of a MDV outbreak.

The WHO concerted One Health approach should be
implemented across the animal-human—environment
continuum, hence fostering multi-sectoral collabora-
tion and synergy. Early preparedness and readiness of
both the local and state governments’ healthcare systems
are crucial to tackle MVD outbreak in a concerted and
coordinated timely manner. Accordingly, it is essential to
enhance training and/or retraining of frontline health-
care workers on (1) proper and timely MVD diagno-
sis, (2) MDV care and management, and (3) logistics, in
case of a MVD outbreak. The establishment of skilled,
free, and easily accessible community clinics for massive
screening (or sample collection) to help with the early
detection of MDYV is highly recommended. In addition,
the NCDC in conjunction with the Federal Ministry of
Health should set up national guidelines for case defini-
tions of MDYV, care and management, and IPC measure
through national policies.

Nigeria’s increasing number of internet and social
media users (currently 117.87 and 32.9 million, respec-
tively, based on 2022 data) (Sasu 2022a; b), can both
be armed and used to increase public enlightenment,
knowledge, and practices regarding MDV. Accurate med-
ical information about MDV can be used to attenuate
potential MDV-associated misconceptions through mul-
tiple flag-based systems across various social media plat-
forms to avert any possible spread of potentially offensive
MDV-related content which could be viral.
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Apart from the healthcare settings, most infectious
diseases are largely transmitted at the household level
(Reichler et al. 2018; Caleo et al. 2018; Beale et al. 2020;
Makinde et al. 2021). Therefore, certain IPC measures
successfully implemented at the household level during
the repeated outbreaks of emerging diseases (e.g. Ebola
virus disease) in West African countries could be repli-
cated to mitigate eventual co-epidemics of MVD with
either Lassa fever, COVID-19, Avian Influenza, Yel-
low fever, Ebola virus disease, Monkeypox, or any other
deadly infectious disease(s). At the household level, rou-
tine social mobilization programmes aimed at prevent-
ing infection should be targeted at children and women
to ensure they comprehend basic IPC measures. Public
health campaign messages/strategies should be in clear,
simple, and easy-to-understand language that required
the cooperation and involvement of children, women,
and other household members. This could include the
constant provision of soap and water for hand washing,
and the procurement of sanitizers and other household
hygiene kits. Furthermore, within households, contacts
who provided care to the index case, or had physical
contact with the case or other contaminated household
materials should be considered high risk. More intensive
house-to-house monitoring of high-risk contacts as well
as rapid diagnosis of suspected cases would significantly
minimize household (and community) transmission.

Conclusions

The recurrent outbreaks of MDV in West Africa have
become a major public health concern not only to
Nigeria but the entire sub-region, and a threat to global
health. Though the source(s) of the West African out-
breaks of MDV remain unknown, it would be impru-
dent to preclude the possibility of another pandemic
if urgent efforts are not put in place. To this end, con-
certed, timely, and urgent preparedness of West African
states including Nigeria against the outbreak of MDV
becomes imperative. Proper surveillance across Nige-
ria especially in suspected high-risk areas should be
intensified. Healthcare personnel should be (re)trained
and routinely updated on the co-occurrence of multi-
ple outbreaks of deadly viruses and the high potential
of the emergence of MARV. For every possible clinical
manifestation of MDYV, early isolation, laboratory diag-
nosis, and contact tracing should be mandated. Con-
certed steps should be taken by the government and
Non-governmental organizations to engage the medi-
cal community, epidemiologists, and researchers in
community-based public health campaigns, planning,
policy-making, and data collection and dissemination
in the event of an outbreak. Introspecting the current
distressing situation of Nigeria’s healthcare systems by
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COVID-19 (and other co-epidemics), another outbreak
by a deadly virus especially MAVR could result in a
national healthcare crisis that may not be quickly miti-
gated. Therefore, a well-guided beforehand protocol for
mitigating and/or minimizing MVD outbreaks in Nige-
ria is necessary.
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