J. theor. Biol. (1991) 150, 339-347

The Evolution of Viruses. Competition Between Horizontal and
Vertical Transmission of Mobile Genes

MARTIN Nowak

Department of Zoology, University of Oxford, South Parks Road,
Oxford OX1 3PS, UK.

(Received on 12 September 1990, Accepted on 13 February 1991)

The transmission dynamics of viruses in a replicating cell population is investigated,
assuming that viral mutants differ in their efficiencies of horizontal and vertical
transmission. As a generic result we find that competition between such different
viral strategies need not select for increasing basic reproductive rates. We illustrate
evolutionary trajectories that lead to increased viral latency even at the expense of
lower basic reproductive rates and lower equilibrium abundance. In some cases
oscillations in the prevalence of different mutants are obtained.

1. Introduction

Initially one might suppose that the evolutionary goal of a viral genome entering
its host cell is its immediate multiplication and the fast formation of a large number
of viral progeny that are released after the cell bursts. This conjecture is based on
the intuitive assumption that competition between different virus mutants always
selects for increasing basic reproductive rates. Therefore, it seems surprising that
many viruses, after infecting a cell remain silent. This could be understood by the
observation that viruses have the ability to integrate their genome into the host cell’s
DNA. There the “provirus™ exists in a latent state and is replicated together with
the cell genome.

In deliberately oversimplified terms, we may think of viruses as choosing between
two different ways of reproduction:

(1) Horizontal transmission. New virus particles are produced shortly after infect-
ing the host cell. The cell is destroyed and the new viruses are released to
infect new cells. This seems to represent a fast way of reproduction (a large
number of virus particles can be produced from only one cell) at a high risk
level (an already infected cell is destroyed, the new free viruses may be
unsuccesful in finding new host cells).

(2) Vertical transmission. The viral genome lies dormant, spliced into the host
cell’s DNA, and is duplicated every time the cell divides. This appears to be
a slow but secure mode of reproduction.

Between these two extreme possibilities a controlled growth strategy may be
observed: the viral genome is spliced into the host cell’s DNA and new virus particles
are produced at a moderate rate. The host cell releases these new virus particles
slowly without being ruptured.
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