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Abstract

In host-pathogen systems, the development of immunity by the host places pressure on pathogens, by setting up 
competition between genetic variants due to the establishment of cross-protective responses. These pressures 
can lead to pathogen-specific, ubiquitous dynamical behaviours. Understanding the evolutionary forces that 
shape these patterns is one of the key goals of computationally simulated epidemiological models. Despite the 
contribution of such research methods in recent years to our current understanding of pathogen evolution, the 
availability of free software tools for the general public remains scarce.

We developed the Multilocus ANTIgenic Simulator (MANTIS) software package for the R statistical 
environment. MANTIS can simulate and analyse epidemiological time-series generated under the biological 
assumptions of the strain theory of host-pathogen systems by Gupta et al. [1]. 

MANTIS wraps a C/C++ ordinary-differential equations system and solver into a set of user-friendly R 
functions. These include routines to numerically simulate the system and others to analyse, visualize and export 
results. MANTIS’s main goal is to serve as a free, ready-to-use academic software tool. Its open source nature 
further provides an opportunity for users with advanced programming skills to expand its capabilities.

Here, we describe the background theory and basic functionality of this package. MANTIS is freely available 
under the GPL license from the website www.eeid.ox.ac.uk/mantis 

[1] Chaos, persistence, and evolution of strain structure in antigenically diverse infectious agents. Science 1998

Strain Theory

Epidemics of an infectious agent can be triggered by the evolution of novel antigenic types that evade herd-
immunity created by circulating predecessors. In this context, a type (strain) may be defined simply by the 
genetic loci that encode the antigens against which immune responses act, rather than by its entire genome.

MANTIS is based on the strain theory by Gupta et al. - in summary: (figure 1) host-individuals who have been 
exposed to a particular antigen combination (strain) are assumed to acquire lifelong complete immunity to it, 
but also partial immunity to those strains expressing any shared antigens; (figure 2) by sheer existence of 
natural diversity, such antigen-sharing relationships can create a complex network of selective pressures; 
(figures 3,4) immuno-mediated competition may limit the emergence and circulation of some antigenic types 
and eventually structure the pathogen population into often observed patterns of diversity (NSS, CSS, DSS).

The system of ordinary-differential equations (ODEs) 
on the right summarizes the epidemiological framework 
implemented within MANTIS. For simplicity, a system 
with 2 loci and 2 possible alleles is described (figure 1).
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Parameterize the multilocus host-pathogen system:
      - antigenic structure (ex: number of loci)
      - epidemiological parameters (ex: host life-span)
      - seasonality
      - etc...
Quantitative analysis of simulated time series:
      - strain diversity (ex: Shannon Index)
      - strain population structure (ex: single-strain dominance) 
      - etc...
Export simulated epidemiological time series:
      - into figures (R-graphics or PDFs)
      - into tabulated text files (ex: for EXCEL)
      - etc...

Package Architecture

Educational Resources

One of the main goals of MANTIS is to serve as an open-access software tool for educational purposes. At the 
EEID we have created a dedicated webpage in which educational resources are available for free. These include 
tutorials and courses that have, so far, taken place at the University of Oxford:

We aim at expanding the educational use of MANTIS. If you have any ideas, want to get involved or include the 
package into your syllabus, please get in touch with our group.
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