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When spray drying food, processes typically 
include cryoprotectants and salt. So, it made sense to 
do that with bacteria, too. Edwards says, “It seemed 
to me a priori to introduce cryoprotectants within the 
organism or outside the organism to eliminate osmotic 
stress.” But suspending the bacteria across a wide range 
of concentrations of salt and cryoprotectant didn’t 
work. Says Wong, “There wasn’t very much guidance 
from what had been done in the past.”

Then, Edwards and Wong wondered if the salt and 
cryoprotectants killed the bacteria instead of preserving 
them. “Cryoprotectants are useful to the degree that the 
change in hydration in the organism happens on a times-
cale that is long relative to the time it takes for water to 
diffuse across the membrane,” explains Edwards. They 
modeled the process for bacteria – reported as part of 
this entire study in the February 20, 2007, Proceedings of 
the National Academy of Sciences – and it indicated very 
fast drying: A water droplet would dry completely in 
less than 400 milliseconds, which is much less than the 
amount of time it takes water to diffuse across the cell 
membrane. In fact, the speed of drying was at least an 
order of magnitude faster than the diffusion time.

So as the water around a bacterium dried, the 
concentration of the salts and cryoprotectants kept 
increasing. Moreover, water moving from inside the 
bacterium to the outside could not flow fast enough to 
balance the osmotic pressure. As the drying continued 
and the solutes outside the bacteria grew thicker and 
thicker, the salts and cryopreservants turned into crys-
tals, killing the bacteria. At least, that was the theory.

To test it, Wong put bacteria in solutions of 
increasing salt concentration, essentially mimicking 
the environment around a bacterium as its droplet got 
spray dried. With the concentration of salt being equal 
inside and outside of the bacteria, Wong found that 
the cells lived for a day. When she doubled the external 
salt concentration, most of the bacteria died in half an 
hour. Doubling the salt once more, the bacteria lasted 
less than five minutes. At that point, Edwards and 
Wong started to believe the results of their model. 

“The answer was not manipulating the concentra-
tion of cryoprotectant or salt,” says Edwards, “but just 
eliminating them.” Wong prepared bacteria in three 
solutions: one that contained no salt or cryoprotec-
tant; one with cryoprotectant but no salt; and one with 
salt but no cryoprotectant. She sprayed dried samples 
of each solution and measured the colony forming 
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> 2 billion 1.7 million in 2004 TBs highest incidence per capita is in 
Sub-Saharan Africa, but the largest 
number of new TB cases in 2004 oc-
curred in South-East Asia Region

Strains of TB resistant to all major anti-TB drugs 
have emerged. Multidrug-resistant TB (MDR-
TB) resists isoniazid and rifampicin, the two most 
powerful anti-TB drugs. Tuberculosis is a leading 
cause of death for those with HIV.

2 billion ~600,000 Hepatitis B exists around the world but 
is most common in Sub-Saharan Africa, 
most of Asia, and the Pacific

Rates decrease dramatically after using a hepati-
tis vaccine, but many countries do not use it.

300-500 million ~1 million Malaria is found in 90 countries, but this 
disease occurs primarily in Sub-Saharan 
Africa, Central and South America, 
the Caribbean island of Hispaniola, the 
Middle East, the Indian subcontinent, 
South-East Asia, and Oceania.

Malaria was almost eradicated 30 years ago, 
but it is now on the rise in 29% of areas where it 
exists. The development and spread of drug-
resistant strains of malaria parasites have been 
identified as a key factor in this resurgence.

>200 million ~20,000 Schistosomiasis occurs in 74 developing 
countries,  but most of the cases are in 
Sub-Saharan Africa.

Large-scale treatment with praziquantel can be 
expensive, and there are concerns that resistant 
strains will emerge. 

170 million >50,000 Hepatitis C occurs globally, with higher 
rates in some countries in Africa, the 
Eastern Mediterranean, South-East 
Asia, and the Western Pacific.

This disease can be difficult to diagnose because 
80% of infected people show no symptoms. 
Moreover, no vaccine exits.

165 million 1 million Shigellosis is prominent in sub-Saharan 
Africa, Central America, and South and 
South-East Asia. It is also common in 
areas of upheaval and natural disaster, 
like Rwanda in 1994.

The major obstacle is resistance to antimicrobials, 
but vaccines are in late-stage development. 

113 million Pneumonia comes in many 
forms so death-rate statistics 
vary. It accounts for about 
60,000 deaths in the US annu-
ally. In developing countries, it 
accounts for 20% of deaths for 
children under the age of 5. 

Pneumonia exists worldwide. In developing countries, a lack of antibiotics 
exacerbates the problem. 

50 million ~12,500 These fevers are endemic in more than 
100 countries in Africa, the Americas, 
the Eastern Mediterranean, most Asian 
countries, and the Western Pacific.

Explosive outbreaks are occurring. For example, 
Brazil reported over 390,000 cases in 2001. Vac-
cine development has been elusive because of 
several different virus serotypes.

30 million 345,000 in 2005 Measles exists worldwide. Although measles deaths worldwide are decreas-
ing, developing countries need better healthcare 
infrastructure to ensure greater elimination of 
disease.

~40 million 2.9 million in 2006 Worldwide, especially Sub-Saharan  
Africa, North Africa, Middle East, 
South Asia, and Southeast Asia.

Unsafe sex and IV-drug use can spread this 
disease, and lack of regular drug treatment in 
developing countries allows more mutations to 
form, making the disease more drug resistant and 
harder to treat.
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