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Lassa fever
• An acute viral haemorrhagic fever 

caused by Lassa virus (LASV), endemic 
to much of Sub-Saharan West Africa


• Case fatality rates are 1% overall and 
15% among patients hospitalised with 
severe symptoms


• Clinical diagnosis challenging


• Limited treatment options



LASV control



LASV vaccination

• Minimise spread of disease


• Efficient resource use

How can we optimise vaccination strategy?



Mathematical modelling as a 
public health research tool

• Useful when clinical data is sparse and field 
experiments are impractical, costly, or 
unethical


• Can investigate a range of potential scenarios


• Inexpensive but requires specialist knowledge



Methods 

A mathematical model for LASV transmission dynamics was developed in several stages. Initially, 
a basic model was constructed describing LASV transmission dynamics between a human and 
rodent vector population within a single age class and with no vaccination. Direct transmission 
between humans is incorporated.




Figure 1. Structure of the LASV transmission model with a single age class and no vaccination. 
The model includes a human population (subscript H) and a rodent population (subscript R). Solid 
arrows denote population progression whilst dotted arrows denote infection pathways.


The model adopts a compartmental SEIR structure represented schematically in Figure 1. The 
human subpopulation is divided into the following classes: those who are susceptible (S), those 
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Model development

• Deterministic SEIR 
mathematical model


• Simulates seasonal LASV 
transmission between 
rodents and humans


• Parametrised for Nigeria

Figure 1. Structure of the LASV transmission model



Findings
• Vaccination in endemic areas could considerably reduce disease incidence


• Pulse immunisation appears to be the most efficient strategy



Reflections 
AFPHM LO 3.2.7 

‘Analyse alternative disease prevention and control 
strategies in a quantitative manner’



Public Health Medicine Advanced Training Curriculum20

DOMAIN 1 GENERAL PROFESSIONAL PRACTICE

Theme 1.1 Professional Development and Self-Management

Learning Objective 1.1.7 Practise medicine in a manner that promotes a 
sustainable physical and social environment

Level 2

Elements of competence

• understand key concepts of sustainability
•  critically assess the impact of one’s own practice according to sustainability principles, such as carbon emissions
•  contribute to a sustainable public health infrastructure (including effective public health organisations, trust, and 

relationships with communities).

DOMAIN 1 GENERAL PROFESSIONAL PRACTICE

Theme 1.1 Professional Development and Self-Management

Learning Objective 1.1.8 Work in an ethically sound manner Level 2

Elements of competence

•  evaluate one’s own practice using public health principles
•  respect human rights and Máori and Pacific Islander (NZ) and Aboriginal/Torres Strait Islander (Australia) rights
• adhere to principles of confidentiality, informed consent, freedom of choice, honesty and other ethical principles.

DOMAIN 1 GENERAL PROFESSIONAL PRACTICE

Theme 1.1 Professional Development and Self-Management

Learning Objective 1.1.9 Advocate for timely effective action in response to 
important threats to public health

Level 2

Elements of competence

•  prioritise public health threats based on sound public health principles
•  act in a timely manner on available information
• use effective methods of advocacy appropriate to the issues being considered and the organisational context.

Reflections 
AFPHM LO 1.1.9 

‘Advocate for timely effective action in response to 
important threats to public health’
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Model structure
Methods 

A mathematical model for LASV transmission dynamics was developed in several stages. Initially, 
a basic model was constructed describing LASV transmission dynamics between a human and 
rodent vector population within a single age class and with no vaccination. Direct transmission 
between humans is incorporated.




Figure 1. Structure of the LASV transmission model with a single age class and no vaccination. 
The model includes a human population (subscript H) and a rodent population (subscript R). Solid 
arrows denote population progression whilst dotted arrows denote infection pathways.


The model adopts a compartmental SEIR structure represented schematically in Figure 1. The 
human subpopulation is divided into the following classes: those who are susceptible (S), those 
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Differential equations
Supplementary Material for: “Routine and pulse vaccination for Lassa virus could reduce high 
levels of endemic disease: a mathematical modelling study.” 
 
Differential equations describing the LASV transmission model with vaccination at birth are given 
below.  Note that pulse vaccination is implemented outside the integration step. 

𝑑𝑆𝐻

𝑑𝑡
=  𝐵 (1 − 𝑐 𝑣𝑒)𝑁𝐻 −  

𝑆𝐻

𝑁𝐻
(𝑇𝑅𝐻𝐼𝑅 +  𝑇𝐻𝐻𝐼𝐻) −  𝜇𝐻𝑆𝐻 +  α𝑅𝐻 

𝑑𝐸𝐻

𝑑𝑡
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𝑆𝐻

𝑁𝐻
(𝑇𝑅𝐻𝐼𝑅 +  𝑇𝐻𝐻𝐼𝐻) −  𝛾𝐻𝐸𝐻 − 𝜇𝐻𝐸𝐻 

𝑑𝐼𝐻

𝑑𝑡
=  𝛾𝐻𝐸𝐻 −  𝜎𝐼𝐻 − 𝜇𝐻𝐼𝐻  

𝑑𝑅𝐻

𝑑𝑡
=  𝜎𝐼𝐻 − 𝜇𝐻𝑅𝐻 +  𝐵 𝑐 𝑣𝑒𝑁𝐻 −  α𝑅𝐻 

𝑑𝑆𝑅

𝑑𝑡
=  𝜌𝑅𝑁𝑅 (1 −  

𝑁𝑅

𝐾
) −  

𝑆𝑅

𝑁𝑅
(𝑇𝑅𝑅𝐼𝑅) − 𝜇𝑅𝑆𝑅 

𝑑𝐸𝑅

𝑑𝑡
=  

𝑆𝑅

𝑁𝑅
(𝑇𝑅𝑅𝐼𝑅) −  𝛾𝑅𝐸𝑅 −  𝜇𝑅𝐸𝑅 

𝑑𝐼𝑅

𝑑𝑡
=  𝛾𝑅𝐸𝑅 −  𝜇𝑅𝐼𝑅 

where SH, EH, IH and RH represent the number of susceptible, exposed (infected but not infectious), 
infectious, and recovered humans, and SR, ER and IR represent susceptible, exposed (infected but 
not infectious) and infectious rodents.  Parameters are described in Table 1. In sensitivity analysis, 
a waning immunity term was included (shown here in red), with waning rate α. 
 
The transmission parameter TRR was selected assuming that prevalence in rodents in areas of 
transmission was 60% for the default model [1].  At equilibrium, TRR ≈ uR/(1-rodent prevalence), 
assuming ER is small compared to IR and SR, which determines TRR. The transmission parameters 
TRH and THH  were chosen to produce a seroprevalence of 21.3% in humans [2], with 80% of infections 
due to contact with rodents [3] as follows. Seroprevalence levels indicate the proportion of humans 
in the recovered class (RH/HH). Solving the model with no vaccination or waning immunity at 
equilibrium, this gives the proportion of humans in the infected class (IH/NH) is uH/σ, which is known. 
The proportion of new cases that are due to transmission from rodents is (TRH IR)/(THH IH + TRH IR), 
which is assumed to be 0.8 as above.  Finally, the prevalence of disease in most communities is low 
and we expect a small proportion of transmission to be between humans, we assume the human-to-
human component of the reproduction number to be around 0.1-0.2. With a duration of infectivity of 
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Symbol and Description Min Default Max Source 

NH Total human population – 180,000,000 – World Health Organization 
(2015)33 

B Human birth rate – 1/(55⨉365) – World Health Organization 
(2015)33 

μH Human death rate – 1/(55⨉365) – World Health Organization 
(2015)33 

γH Progression rate from exposed 
to infectious human 

1/6 1/12 1/21 World Health Organization 
(2017)34 

σ Recovery rate of humans 1/2 1/10 1/21 World Health Organization 
(2017)34 

TRH Transmission rate from rodent 
to human 

0 0.00001 1 Default value selected to pro-
duce a seroprevalence of LASV 
in humans of 21.3%2, and so that 
80% of human infections are due 
to contact with rodents21 

THH Transmission rate from human 
to human 

0.01 0.015 0.02 

TRR Transmission rate from rodent 
to rodent 

0.005 0.007 0.014 Agbonlahor et al. (2017)35 

ρR Rodent growth rate – 0.02 – Default value selected to pro-
duce a ratio of 1.2:1 rodents to 
humans at equilibrium Kav Average carrying capacity of 

the environment for the rodents 
– 1.5NH – 

μR Death rate of rodents – 1/(1⨉365) – Demartini et al. (1975)26 

γR Progression rate from exposed 
to infectious rodent 

1/1 1/3 1/5 Default value selected such that 
the number of infectious humans 
is approximately 25% higher in 
the dry season than in the wet 
season 

η Amplitude of seasonality 0 0.6 1 Default value selected to pro-
duce 25% higher prevalence in 
the dry season 

ω Phase 0 300 365 Default value selected to pro-
duce peaks in February 

c Proportion of infants vaccinated 
at birth 

0 Varied 1 Varied 

d Proportion of the population 
vaccinated through pulse vac-
cination 

0 Varied 1 Varied 

ve Vaccine effectiveness  0.7, 0.9  Based on World Health Organi-
sation Target Product Profile 
(TPP) [29] 

Table 1. Parameter descriptions, values and ranges, units and sources.  360 
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 367 

368 
Figure 2. Time-dependent variation in the proportion of the population infected for different levels of 369 
coverage and vaccine effectiveness. See Table 1 for other parameter values.  370 

Figure 2. Time-dependent variation in the proportion of the population infected for different 
levels of coverage and vaccine effectiveness.
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371 
Figure 3. The number of infectious people over time with yearly pulse vaccination introduced after 372 
10 years of transmission. Vaccination takes place in February each year, with two scenarios of vac-373 
cine coverage and effectiveness shown. See Table 1 for other parameter values. 374 

Figure 3. The number of infectious people over time with yearly pulse vaccination introduced 
after 10 years of transmission. Vaccination takes place in February each year, with vaccine 
coverage and effectiveness varied.
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  375 

376 
Figure 4. The number of infectious humans over time with pulse vaccination in February at different 377 
levels of vaccine coverage and pulse interval length with 70% vaccine effectiveness. See Table 1 378 
for other parameter values. 379 

Figure 4. The number of infectious humans over time with pulse vaccination in February at 
different levels of vaccine coverage and pulse interval length with 70% vaccine effectiveness.
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380 
Figure 5. Comparison of vaccination and birth and pulse vaccination strategies that lead to the same 381 
final reduction in infected people. Figure a) shows the model with 70% vaccine effectiveness where 382 
a 30% reduction in infected people is achieved by either vaccination at birth with 40% coverage, or 383 
pulse vaccination every 10 years at 11% coverage.  Figure b) shows the model with 90% vaccine 384 
effectiveness where a 56% reduction in infected people is achieved by either vaccination at birth 385 
with 60% coverage, or pulse vaccination every 10 years at 23% coverage. See Table 1 for other 386 
parameter values.   387 

Figure 5. Comparison of vaccination at birth and pulse vaccination strategies that lead to the 
same final reduction in infected people.


