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and Nik J. Cunniffe†

First author: Institute of Environmental Systems Research, School of Mathematics/Computer Science, Osnabrück University, 49069 Osnabrück,
Germany; second author: Department of Mathematics and Statistics, Texas Tech University, Lubbock 79409; third author: Department of
Mathematics, Oregon State University, Corvallis 97331; fourth author: Department of Ecology, Evolution and Marine Biology, University of
California, Santa Barbara 93106; fifth author: Department of Mathematics, Purdue University, West Lafayette, IN 47907; sixth author: Plant
Pathology Department, Institute for Sustainable Food Systems, and Emerging Pathogens Institute, University of Florida, Gainesville 32611;
seventh author: National Institute for Mathematical and Biological Synthesis, University of Tennessee, Knoxville 37996; eighth author:
IGEPP, Agrocampus Ouest, INRA, Université de Rennes 1, Université Bretagne-Loire, 35000 Rennes, France; ninth author: Centre for
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ABSTRACT

Maize lethal necrosis (MLN) has emerged as a serious threat to food
security in sub-Saharan Africa. MLN is caused by coinfection with two
viruses, Maize chlorotic mottle virus and a potyvirus, often Sugarcane
mosaic virus. To better understand the dynamics of MLN and to provide
insight into disease management, we modeled the spread of the viruses
causing MLN within and between growing seasons. The model allows for
transmission via vectors, soil, and seed, as well as exogenous sources of
infection. Following model parameterization, we predict how manage-
ment affects disease prevalence and crop performance over multiple
seasons. Resource-rich farmers with large holdings can achieve good

control by combining clean seed and insect control. However, crop
rotation is often required to effect full control. Resource-poor farmers
with smaller holdings must rely on rotation and roguing, and achieve
more limited control. For both types of farmer, unless management is
synchronized over large areas, exogenous sources of infection can thwart
control. As well as providing practical guidance, our modeling framework
is potentially informative for other cropping systems in which coinfection
has devastating effects. Our work also emphasizes how mathematical
modeling can inform management of an emerging disease even when
epidemiological information remains scanty.

Plant diseases caused by coinfecting viruses threaten food security
and human health worldwide (Reynolds et al. 2015). However
modeling and experimental studies often ignore coinfection, instead
defaulting to the “one host-one pathogen” paradigm as a convenient
simplification (Buhnerkempe et al. 2015). This is despite increasing
evidence that coinfection is not only routine but can also have
significant epidemiological, ecological, and evolutionary impacts
(Seabloom et al. 2015; Susi et al. 2015; Tollenaere et al. 2016).
Disease complexes driven by coinfecting viruses can be particularly
damaging, especially when coinfection leads to significantly
increased disease symptoms. An important example in a major
crop is sweet potato virus disease, caused by coinfection by Sweet
potato feathery mottle virus and Sweet potato chlorotic stunt virus
(Kokkinos et al. 2006). Another is rice tungro disease, important
throughout Southeast Asia, caused by Rice tungro bacilliform
virus and Rice tungro spherical virus coinfection (Hibino et al.
1978).

A third devastating disease caused by coinfecting viruses, maize
lethal necrosis (MLN), has recently emerged inEastAfrica (Wangai
et al. 2012), East Asia (Deng et al. 2015; Xie et al. 2011), and South
America (Quito-Avila et al. 2016).MLN is caused by coinfection of
maize byMaize chloroticmottle virus (MCMV) and a virus from the
family Potyviridae, most commonly Wheat streak mosaic virus
(WSMV), Maize dwarf mosaic virus (MDMV), or Sugarcane
mosaic virus (SCMV) (Mahuku et al. 2015; Uyemoto et al. 1980).
MLN induces mild to severe chlorotic mottle on leaves, necrosis
developing from leaf margins to the midrib, severely reduced yield,
and, eventually, plant death (Wangai et al. 2012). MLN—then
called corn lethal necrosis—was first identified in 1977 inKansas in
the United States, and was shown there to be caused by the
interaction of MCMVand either MDMVor WSMV (Morales et al.
2014; Niblett et al. 1978 Q:1; Scheets 1998). MLN has subsequently
been identified throughout theworld (Adams et al. 2014;Deng et al.
2015; Lukanda et al. 2016; Mahuku et al. 2015; Quito-Avila et al.
2016; Xie et al. 2011).
In Africa, SCMV is the potyvirus most often implicated in MLN

(Mahuku et al. 2015). SCMV has been present in East Africa since
at least the 1970s, and the subsequent spread of MCMV in regions
where SCMV is present appears to have driven the emergence of
MLN (Adams et al. 2013; Louie 1980). MLN was first detected in
Kenya in 2011 (Wangai et al. 2012), and has been significantly
affecting maize yields since then. Approximately 22% of annual

†Corresponding author. Telephone: +44 (0)1223 333954; E-mail: njc1001@cam.ac.uk

*The e-Xtra logo stands for “electronic extra” and indicates that one supplementary
table is published online.

Copyright © 2017 The Author(s). This is an open access article
distributed under the CC BY-NC-ND 4.0 International license.

Vol. 107, No. 0, 2017 1

Phytopathology • 2017 • 107:1-14 • http://dx.doi.org/10.1094/PHYTO-03-17-0080-FI

mailto:njc1001@cam.ac.uk
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1094/PHYTO-03-17-0080-FI



