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Abstract

Lassa fever is a viral haemorraghic fever, accounting for about 5,000-10,000 deaths annually. The disease is endemic
in West-Africa with seasonal epidemics. We proposed that with the use of mathematical modelling studies, we can
predict accurately when the outbreak will likely occur by computing the infectivity rate, weather patterns and
population of rodents. With this, adequate preventive measures and public health control interventions can be put in
place to prevent the outbreak. This necessitates the need for more policy-relevant mathematical modelling studies
on Lassa Fever, starting with building capacity in sub-Saharan Africa, where the disease is prevalent.
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Lassa Fever is an acute viral haemorrhagic illness
caused by Lassa virus, primarily transmitted to
humans via contact with household items
contaminated with urine or faeces from
multimammate Mastomys rat (1). It 1is also
transmitted via human-to-human transmission from
direct contact with the blood, secretions, or other body
fluid of infected persons, especially in health care
settings (2). While it was originally discovered in
Nigeria, it is endemic in many West African countries,
such as Benin, Ghana, Sierra Leone, Liberia, Mali, and
Guinea (3). Nonetheless, sporadic cases have been
seen in travelers returning to Holland, Germany, and
the United Kingdom (4). As recent as February 2022,
the United Kingdom confirmed two laboratory and
one probable cases of Lassa fever (5), indicating that it
is a disease of public health importance with pandemic
potential. There are usually about 100,000-300,000
infections annually with approximately 5,000-10,000
deaths (6). As of week 25 of 2022, about 5,495
suspected cases have been recorded in Nigeria, with
820 confirmed cases and 160 deaths— a case fatality
ratio of about 19.4% (7).

The incubation period of Lassa fever ranges from
6—21 days, with deaths usually occurring within 14
days of onset in fatal cases. It is especially severe late
in pregnancy, with maternal death and/or fetal loss
occurring in more than 80% of cases during the third
trimester (1). Convincingly, the most critical issue with
Lassa fever control is clinical misdiagnosis of the
disease. This stems from the non-classical

presentation of the disease, as the initial symptoms—
malaise, fever, fatigue, headache—often mimic those
of other West African endemic diseases, such as
malaria and typhoid fever. Also due to the absence of
a rapid diagnostic test, the disease is often missed at
the early stage and diagnosis is made when it is already
advanced. This also makes health workers particularly
vulnerable to the disease, as Nigeria alone has lost over
71 health workers to the disease since its discovery (8),
further straining the already overwhelmed health
workforce. And while Ribavirin, the non-licensed drug
for treating the virus, has shown promising effects, it
is majorly effective when used during the early
incubation period—first seven days of infection (9).
Thus, there is a need for high degree of suspicion to
avert mortality secondary to the disease.

Considering Lassa fever epidemic is seasonal,
usually in the dry season following the reproductive
cycle of Mastomys spp. in rainy season (10), an
innovative tool such as computational and
mathematical modelling can help in predicting the
accurate time and place to expect the outbreak,
thereby allowing the necessary preventive and control
measures to be put in place to prevent the outbreak.
Unfortunately, despite the inclusion of Lassa Fever in
the Blueprint list of priority diseases for research and
development by the WHO in 2018 (11), only few
mathematical modelling studies have been conducted
on the disease compared to other infectious diseases
(10). Ibrahim and Denes (12) established and
researched a compartmental epidemic model of Lassa
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Fever transmission dynamics, showing that while
human-human transmission has significant effects on
the disease prevalence, the most relevant factors in
Lassa’s periodicity are rodent-related variables. Zhao
et al. (13) utilized different mathematical models to
analyze the epidemiological characteristics of Lassa
fever epidemics in different areas in Nigeria and
quantify the relationship between the basic
reproduction number and state rainfall. Another study
conducted by Akhmetzhanov et al. (14) analyzed the
seasonal drivers of Lassa fever epidemics in Nigeria
through mathematical models, which analyzed the
datasets of human infection, rodent population, and
climate change. Although these studies provide
insights into different factors at play in Lassa fever
transmission dynamics, no comprehensive
mathematical modelling study has accurately
predicted “where” and “when” to expect an outbreak,
thereby limiting the use of these studies to inform
public health decisions (15). Perhaps, this might have
stemmed from the relatively weak disease surveillance
system in West Africa, resulting in unavailability of
epidemiologically relevant data, such as the
population of rodents, changes in weather patterns,
infectivity rate and other relevant factors that can be
computed to design an accurate predictive model for
Lassa fever transmission during different seasons
(15,16). This calls for the need to increase
epidemiological surveillance in this region to
accurately measure these factors to provide real-time,
quality data for mathematical modellers to utilize. If
this could be done, the public health response to Lassa
fever control is likely to be more effective. For
instance, timely advocacy on the disease will ensure
health workers are proactive with the use of Personal
Protective Equipment (PPE) and also have a high
degree of suspicion for the disease, thereby sending
samples for laboratory diagnosis, administering
ribavirin and isolating suspected cases on time.
Likewise, advocating to the populace will ensure good
“community hygiene” practices, consequently
preventing Mastomys rodents from entering homes.
Thus, mathematical modelling is a highly effective
policy tool in mitigating the burden of Lassa fever in
West Africa and eradicating the disease. Furthermore,
with the identification of potential vaccine candidates
for Lassa Fever—still in the clinical trial phase—
mathematical models can predict the cost-benefits
and cost-effectiveness of introducing the vaccine and
the best strategy to roll out the vaccine to achieve
maximum impact, thereby serving as an advocacy tool
to policymakers.

However, there is a lack of capacity in
mathematical modelling of infectious diseases in sub-
Saharan Africa. Adetokunboh et al. (17) posited that
while research output in applied epidemiological
modelling of infectious diseases studies might have
increased in sub-Saharan Africa, there is still an
under-representation of African researchers as
leading authors. Hence, in order to mitigate the
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burden of Lassa fever and other endemic diseases of
public health importance in sub-Saharan Africa (sSA),
it is germane to increase the pool of infectious disease
modellers in the region. Not only this, it is crucial that
these potential modellers collaborate with relevant
agencies, such as countries’ Centres for Disease
Control (CDC) and Ministries of Health, to conduct
policy-relevant research, whose findings can be
utilized to inform public health decisions, and not only
for academic purposes. As a step in the right direction,
in 2021, the Bill and Melinda Gates Foundation
(BMGF) sent out a request for proposal of 1 million
USD worth to strengthen the malaria mathematical
modelling ecosystem in sSA by increasing the number
of PhD-trained mathematical modellers in sSA,
bringing together different modelling units across sSA
to share expertise and improving modellers’ access to
timely, high-quality data (18). This investment has the
potential to amplify mathematical modelling studies
on sub-Saharan African endemic diseases, including
Lassa Fever. However, to ensure sustainability, it is
pertinent for the governments of this region and all
relevant stakeholders, such as donors, R&D partners
and local academic institutions, to prioritize investing
in this area.

Competing Interests
There are no relevant financial or non-financial
competing interests to report.

Authors’ Contributions

Sodiq Inaolaji Yusuff: Conceptualizing the topic;
conducting literature review; and writing the
manuscript

Iyiola Olatunji Oladunjoye: Conceptualizing the topic,
writing the manuscript, and finding the right journal

Olalekan  Tolulope  Popoola: Drafting the
recommendation and reviewing the manuscript

Kunle Oreagba: Conceptualizing the topic and revising
the manuscript

Bolarinwa Olufunmilayo Victoria: Conducting
literature review, writing some sections of the article
and revising the manuscript

References

1. World Health Organization Newsroom Lassa
fever. 2017 https://www.who.int/news-
room/fact-sheets/detail /lassa-fever

2. Richmond JK, Baglole DJ. Lassa fever:
epidemiology, clinical features, and social
consequences. BMJ. 2003 Nov
20;327(7426):1271-5. doi:
10.1136/bmj.327.7426.1271. Erratum in: BMJ.
2004 Jan 10;328(7431):96. PMID: 14644972;
PMCID: PMC286250.



https://www.who.int/news-room/fact-sheets/detail/lassa-fever
https://www.who.int/news-room/fact-sheets/detail/lassa-fever

10.

11.

World Health Organization AFRO Health Topics
Lassa Fever. 2018.
https://www.afro.who.int/health-topics/lassa-
fever

Richmond JK, Baglole DJ. Lassa fever:
epidemiology, clinical features, and social
consequences. BMJ. 2003 Nov 20;
327(7426):1271-5.

doi: 10.1136/bmj.327.7426.1271. Erratum in:
BMJ. 2004 Jan 10;328(7431):96.

World Health Organization Disease Outbreak
News. 2022.
https://www.who.int/emergencies/disease-
outbreak-news/item/lassa-fever-united-
kingdom-of-great-britain-and-northern-ireland
Yun NE, Walker DH. Pathogenesis of Lassa
fever.Viruses. 2012;4(10):2031-2048.
https://doi.org/10.3390/v4102031

National Centre for Disease Control (NCDC)
https://reliefweb.int/report/nigeria/ncdc-lassa-
fever-situation-report-epi-week-25-20-26-june-
2022

Wada YH, Ogunyinka IA, Yusuff KB, Ochu CL,
Yahaya M, Khalid GM, Mutalub YB, Adeniye SB.
Knowledge of Lassa fever, its prevention and
control practices and their predictors among
healthcare workers during an outbreak in
Northern Nigeria: A multi-centre cross-sectional
assessment. PLoS Negl Trop Dis. 2022 Mar
14;16(3):e0010259.

doi: 10.1371/journal.pntd.0010259.

Alli A, Ortiz JF, Fabara SP, Patel A, Halan T.
Management of Lassa Fever: A Current Update.
Cureus. 2021 May 2;13(5):e14797. doi:
10.7759/cureus.14797.

Saumen Barua, Attila Dénes, Mahmoud A.
Ibrahim, A seasonal model to assess intervention
strategies for preventing periodic recurrence of
Lassa fever, Heliyon, Volume 7, Issue 8, 2021,
€07760, ISSN 2405-8440.
https://doi.org/10.1016/j.heliyon.2021.e07760.
World Health Organization M.E. WHO list of
blueprint priority diseases (2018)
https://www.who.int/blueprint/priority-

diseases/en/

Yussuf SI, Oladunjoye I, Popoola OT, Oreagba K, Bolarinwa OV,
2022. Addressing the Lassa Fever Epidemic in West Africa: A Mathematical
Modelling Approach. Global Biosecurity, 4(1). doi: 10.31646/gbio.172

12. Mahmoud A. Ibrahim, Attila Dénes, A
mathematical model for Lassa fever transmission
dynamics in a seasonal environment with a view
to the 2017—20 epidemic in Nigeria, Nonlinear
Analysis: Real World Applications, Volume 60,
2021, 103310, ISSN 1468-1218,
https://doi.org/10.1016/j.nonrwa.2021.103310.

13. S. Zhao, S. S. Musa, H. Fu, D. He, and J. Qin,
“Large-scale Lassa fever outbreaks in Nigeria:
quantifying the association between disease
reproduction number and local rainfall,”
Epidemiology and Infection, vol. 148, pp. 1—12,
2020.

14. A. R. Akhmetzhanov, Y. Asai, and H. Nishiura,
“Quantifying the seasonal drivers of transmission
for Lassa fever in Nigeria,” Philosophical
Transactions of the Royal Society B: Biological
Sciences, vol. 374, no. 1775, Article ID 20180268,
2019.

15. Rory Gibb, Lina M. Moses, David W. Redding &
Kate E. Jones (2017) Understanding the cryptic
nature of Lassa fever in West Africa, Pathogens
and Global Health, 111:6, 276-288, DOI:
10.1080/20477724.2017.1369643

16. Redding, D.W., Gibb, R., Dan-Nwafor, C.C. et al.
Geographical drivers and climate-linked
dynamics of Lassa fever in Nigeria. Nat Commun
12, 5759 (2021).
https://doi.org/10.1038/541467-021-25910-y

17. Adetokunboh OO, Mthombothi ZE, Dominic EM,
Djomba-Njankou S, Pulliam JRC. African based
researchers' output on models for the
transmission dynamics of infectious diseases and
public health interventions: A scoping review.
PLoS One. 2021 May 6;16(5):e0250086. doi:
10.1371/journal.pone.0250086. PMID:
33956823; PMCID: PMC8101744.

18. The MESA Alliance. BMGF Global Grand
Challenges Request for Proposals: Building
Malaria Modeling Capacity in Sub-Saharan
Africa.
http://www.mesamalaria.org/updates/bmgf-

global-grand-challenges-request-proposals-
building-malaria-modeling-capacity-sub



https://www.afro.who.int/health-topics/lassa-fever
https://www.afro.who.int/health-topics/lassa-fever
https://www.who.int/emergencies/disease-outbreak-news/item/lassa-fever-united-kingdom-of-great-britain-and-northern-ireland
https://www.who.int/emergencies/disease-outbreak-news/item/lassa-fever-united-kingdom-of-great-britain-and-northern-ireland
https://www.who.int/emergencies/disease-outbreak-news/item/lassa-fever-united-kingdom-of-great-britain-and-northern-ireland
https://doi.org/10.3390/v4102031
https://reliefweb.int/report/nigeria/ncdc-lassa-fever-situation-report-epi-week-25-20-26-june-2022
https://reliefweb.int/report/nigeria/ncdc-lassa-fever-situation-report-epi-week-25-20-26-june-2022
https://reliefweb.int/report/nigeria/ncdc-lassa-fever-situation-report-epi-week-25-20-26-june-2022
https://doi.org/10.1016/j.heliyon.2021.e07760
https://www.who.int/blueprint/priority-diseases/en/
https://www.who.int/blueprint/priority-diseases/en/
https://doi.org/10.1016/j.nonrwa.2021.103310
https://doi.org/10.1038/s41467-021-25910-y
http://www.mesamalaria.org/updates/bmgf-global-grand-challenges-request-proposals-building-malaria-modeling-capacity-sub
http://www.mesamalaria.org/updates/bmgf-global-grand-challenges-request-proposals-building-malaria-modeling-capacity-sub
http://www.mesamalaria.org/updates/bmgf-global-grand-challenges-request-proposals-building-malaria-modeling-capacity-sub

Yussuf SI, Oladunjoye I, Popoola OT, Oreagba K, Bolarinwa OV,
2022. Addressing the Lassa Fever Epidemic in West Africa: A Mathematical
Modelling Approach. Global Biosecurity, 4(1). doi: 10.31646/gbio.172

How to cite this article: Yussuf SI, Oladunjoye I, Popoola OT, Oreagba K, Bolarinwa OV, 2022. Addressing the Lassa Fever Epidemic in
West Africa: A Mathematical Modelling Approach. Global Biosecurity, 4(1)). doi: 10.31646/gbio.172

Published: August 2022

Copyright: Copyright © 2022 The Author(s). This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original author and source are credited. See http://creativecommons.org/licenses/by/4.0/ .

Global Biosecurity is a peer-reviewed open access journal published by University of New South Wales.


http://creativecommons.org/licenses/by/4.0/

