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NASA’s Aqua satellite, carrying sensors used by researchers to measure
mosquito-favoring environmental conditions on Earth. Credit: NASA

The explosive spread of Zika throughout the Americas is raising
questions about the best ways to control this and future epidemics. We
first need to identify what factors contribute to the spread of Zika and
understand where and when they occur. With that knowledge we can
effectively target our resources to fight the disease and control its
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spread.

The Zika virus is transmitted by the mosquito Aedes aegypti. This
mosquito's ability to survive and its potential to transmit viruses are
highly dependent on environmental conditions, especially weather and
local cultural practices.

Variables such as temperature, rainfall, vegetation, land cover and land
use all affect the number of mosquitoes present and their ability to
transmit viruses. Today, these variables can be measured from remote
sensors on satellites, planes and unmanned aerial vehicles. We can then
estimate the likelihood of mosquito presence and disease transmission.

My previous research team used data gathered by satellites and aircraft
to identify the abundance of Aedes aegypti in central Mexico in 2011.
My current research team is working to identify the areas at risk of
dengue in Colombia. These same techniques can be used to predict
where Zika is likely to spread.

Monitoring environmental conditions from afar

Data captured via satellite and aerial methods – which in the scientific
community is called remote sensing – is less accurate compared with
data collected on the ground, which is usually from people taking
measurements and automatic monitoring devices in place. However, in
many places it is not practical or there are insufficient resources to
generate useful in situ data. That leaves remote sensing data as the best or
only option available. It also allows scientists to cover large geographical
areas for long periods of time at a very low cost and from the
convenience of an office.
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http://ehp.niehs.nih.gov/1306556/
https://phys.org/tags/rainfall/
https://phys.org/tags/mosquitoes/
http://www.who.int/globalchange/publications/climatechangechap6.pdf
http://www.who.int/globalchange/publications/climatechangechap6.pdf
http://www.mdpi.com/2220-9964/3/2/732


 

  

Preliminary map (from a model in progress) of the geographical distribution of
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the risk of transmission of dengue virus in the Magdalena River watershed, based
solely on 2014 data. The model generating this map includes variables such as
land surface temperature, precipitation, vegetation, built index and population
density. Credit: Max Jacobo Moreno-Madriñán, Austin Stanforth, Jeffrey Ashby
and Mary Lefevers, Author provided

Monitoring environmental conditions such as temperature and rainfall
that foster populations of disease-carrying mosquitoes is critical to
prevent or slow outbreaks. The current Zika outbreak has already spread
throughout tropical areas of the Americas from Brazil to Mexico.

Through monitoring it is possible to identify in advance places where
mosquitoes might thrive. Fluctuations in rainfall and temperature are
strongly dependent on the sea surface temperatures over the tropical
eastern Pacific Ocean, better known as the El Niño oscillation –
meteorological conditions that can be monitored by satellite.

The literature has suggested a direct relationship between El Niño and
mosquito-borne diseases such as dengue. The El Niño-related higher
temperatures favor the mosquito carrying the virus by increasing its 
survival, thereby extending the time during which the adult mosquito can
transmit the virus – and by speeding up the life cycle so adult mosquitoes
can transmit the virus earlier.

The same mosquito that carries dengue, Aedes aegypti, also carries Zika,
as well as yellow fever and chikungunya. In light of the severe conditions
of the current El Niño, the timing of this Zika outbreak is likely no
coincidence.
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http://www.who.int/globalchange/publications/climatechangechap6.pdf
http://users.clas.ufl.edu/prwaylen/geo3280articles/Poveda.pdf
https://www.ualberta.ca/~abush/clim.res2001.pdf
http://link.springer.com/article/10.1186/1756-3305-6-351
http://jme.oxfordjournals.org/content/27/5/892
http://jme.oxfordjournals.org/content/27/5/892
https://www.jstage.jst.go.jp/article/tmh/39/4SUPPLEMENT/39_2011-S05/_pdf
https://www.jstage.jst.go.jp/article/tmh/39/4SUPPLEMENT/39_2011-S05/_pdf


 

  

The annual mean land surface temperature for 2014 using data from the MODIS
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sensor on NASA’s Aqua satellite. Author provided

Mosquito breeding in both wet and dry areas

The relationship between El Niño and Zika seems less direct upon initial
examination of the different rainfall trends in the affected areas. There
is above-average rainfall in some areas, such as Ecuador, but below-
average rainfall in others, such as my hometown of Cartagena,
Colombia, where the outbreak is reaching alarming levels.

It seems logical to suspect that higher rainfall would fill more containers
with rainwater, providing more breeding sites for mosquitoes. But why is
Zika spreading in places with below-average rainfall during El Niño
events?

One reason has to do with the environments this mosquito prefers, which
are typically in and around human residences and the clean-water
breeding sites they provide, such as flower pots, tires and water storage
tanks.
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http://earthobservatory.nasa.gov/Features/WorldOfChange/enso.php
http://www.annualreviews.org/doi/abs/10.1146/annurev.ento.47.091201.145206
http://www.ajtmh.org/content/78/3/364.short


 

  

A wide swath of the Americas: Zika is being transmitted in countries from Brazil
to Mexico. U.S. Centers for Disease Control and Prevention

Indeed, in some areas, people tend to use water tanks more during dry
periods. Unable to rely on fresh or frequent rainfall or municipal water
supplies, they store what rain does fall or sporadic city water supplies for
domestic use later. That makes mosquito breeding sites more abundant,
even in the absence of rain.
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In locations with frequent rainfall, there may actually be less
transmission of disease because the rain can cause storage containers to
overflow before mosquito pupae hatch. Conversely, dry periods allow
longer water retention times for mosquito life cycles to be completed.

Storage tanks are more common in areas that lack a constant supply of
municipal running-water system. That can indicate lower neighborhood
socioeconomic status, which in turn can signal other community
characteristics, such as the absence of air conditioning (meaning higher
indoor temperatures) and the presence of open windows (which allow
more in-and-out access for mosquitoes).

Those community characteristics can be inferred through monitoring
land cover and land use with satellite and aerial imagery. Satellites can
also show how urbanized the landscape is, suggesting the likelihood of
mosquito breeding sites. Higher-resolution images can show the presence
of favored breeding locations, such as water tanks and piles of
abandoned tires.
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http://ij-healthgeographics.biomedcentral.com/articles/10.1186/1476-072X-7-66
http://www.mdpi.com/2220-9964/3/3/891/htm


 

  

Estimated average precipitation for the time period between April and
December of 2014 for the area of Colombia, Panama and Ecuador, using data
from NASA’s Global Precipitation Measurement Mission.
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How mosquitoes spread in the developed world

Lack of running water and the associated community characteristics are
less common in developed countries, such as the United States.
However, other practices in developed countries can provide favorable
conditions for these mosquitoes to thrive.

For example, steam tunnels, which transport steam through cities for
heating, and other subterranean habitats can provide constantly stagnant
water at favorable temperatures for vectors, even during winters in
northern states. In fact, such cases have already been reported in
Washington D.C.

In addition, summers are sufficiently long in northern states of the US to
allow completion of the life cycle. Theoretically, if the virus were to be
present, that would increase possibility that the mosquito would pick up
the virus locally and transmit it to a human. Furthermore, another
species of mosquito, Aedes albopictus, can transmit dengue, and can
apparently also survive cold winters: it has been detected in Marion
County, Indiana, since 1986, a local public health biologist has told me. 
Ae, albopictus came to the US thanks to the globalization in a shipment
of tires from Southeast Asia.
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http://www.ajtmh.org/content/94/1/231.short


 

  

Searching for hiding mosquitoes: a Honduran health worker checks a home
water tank to help prevent the spread of Zika. Credit: Jorge Cabrera/Reuters

The possibility of having viruses such as dengue or Zika in local
mosquitos in northern states such as Indiana is still very small, but the
possibility is growing. Increased global travel is an important factor in
the disease's spread. Zika has been reported in the literature since the
1950s in Africa. As travel increased, the virus has reached the Americas
– at a time when El Niño is providing favorable conditions for its spread.
Also contributing is increasing urbanization, which provides ideal land
cover conditions for Ae. Aegypti to thrive and spread the virus.

The current Zika outbreak may be a harbinger of things to come. 
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http://trstmh.oxfordjournals.org/content/46/5/521.full.pdf
http://trstmh.oxfordjournals.org/content/46/5/521.full.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3317603/
https://phys.org/tags/land+cover/
https://phys.org/tags/land+cover/


 

National Oceanic and Atmospheric Administration data going back to
1950 show a trend of increasing strength of El Niño events.

Scientists also suggest an increasing frequency of El Niño oscillation due
to climate change. All this indicates a crucial need to cost-efficiently
monitor the environmental conditions that lead to disease outbreaks, and
to identify suitable habitats where mosquitoes may breed. Sensors
strategically located in space make this monitoring more possible and
more effective.

This article was originally published on The Conversation. Read the 
original article.

Source: The Conversation
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http://www.cpc.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
http://ggweather.com/enso/oni.htm
http://www.nature.com/nclimate/journal/v4/n2/full/nclimate2100.html
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