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Recently, the federal government 
announced increased funding 

for fi ve of the nation’s most promis-
ing COVID-19 vaccine candidates. 
Among the organizations selected 
is Moderna, a small biotechnology 
fi rm that began clinical trials of an 
mRNA-based coronavirus vaccine in 
March 2020. 
 The company successfully 
completed Phase 1 clinical trials in 
partnership with the National Institute 
for Allergy and Infectious Diseases 
(NIAD) in April. Since achieving that 
milestone, Moderna has become a 
symbol of hope and the recipient of 
intense scrutiny. 
 Founded in 2010 to accelerate 
the process of drug discovery, 
Moderna has since developed 20 
mRNA-based drugs, half of which 
function as vaccines. Their technol-
ogy relies on the central dogma of 
biology: DNA stores information 
that gets copied or transcribed into 
mRNA, an intermediary molecule 
that then translates the code into 
proteins — the building blocks of life.  
 Medicines produced by the 
biotechnology industry are usually 
synthetic proteins that have strong 
therapeutic value. Many vaccines rely 
on these manufactured proteins, or 

on deactivated versions of a virus, to 
invoke an immune response against 
a virus.
 In contrast, Moderna’s technology 
introduces mRNA into the body, which 
prompts the body to make its own 
proteins to fi ght a virus, rather than 
inserting the proteins themselves. The 
company’s COVID-19 vaccine follows 
the same principle, introducing engi-
neered mRNA to cells to induce the 
human body to create spike proteins 
native to the SARS-CoV-2 virus. 
 “The mRNA codes for a spike 

protein contained 
in the corona-
virus,” says 
Noubar Afeyan, a 
chemical engineer 
and cofounder 
and chairman of 
Moderna. “When 
the cells start mak-
ing this protein, the 

immune system of the person treated 
with the mRNA realizes that there’s a 
foreign protein present. The immune 
system then attacks this protein by 
creating antibodies and T cells to 
target it. Essentially, we train the cells 
to make anti-spike protein anti bodies, 
which later come in handy if the 
actual coronavirus shows up. Thus, 
the patient is vaccinated.”
 What sets Moderna apart from the 
other companies developing corona-
virus vaccine candidates is its speedy 
method of drug discovery. In a recent 
AIChE Doing a World of Good Raj 
& Kamla Gupta podcast (aiche.org/
giving/impact/stories/dr-bob-langer-
and-ray-jordan-doing-world-good), 
Robert Langer, a Moderna cofounder 
and chemical engineer, explains 
that scientists in the past spent vast 
resources to make large amounts of 
proteins. 

 Moderna’s technology can pro-
duce mRNA much more quickly in 
smaller manufacturing plants, and the 
mRNA is injected into the body to 
make the necessary proteins. Rather 
than manufacturing in huge plants, 
the human body becomes the factory, 
Langer says.
 The speed at which Moderna 
developed its coronavirus vaccine is 
unprecedented. Afeyan attributes the 
vaccine’s rapid development partly to 
the extraordinary collaboration that 
has become commonplace among 
the scientifi c community in the age 
of coronavirus. 
 Chinese researchers published the 
genetic sequence for SARS-CoV-2 in 
early January, and Moderna created 
mRNA constructs and brought them to 
human trials just 63 days later. In the 
wake of the pandemic, almost 200 vac-
cines are currently being researched 
and developed around the world. 
“When I look at scientists at Moderna 
and really all over, people just want 

to do whatever 
they can scientifi -
cally to make this 
go away,” says 
Langer. “I see 
tremendous efforts 
by all kinds of 
companies, in 
the pharmaceutical 

area and even in the sneaker industry, 
which is making masks. To me, it’s 
amazing how the scient ifi c commu-
nity has come together to do some-
thing important for the world.”
  In trials, Moderna’s coronavirus 
vaccine was administered in one 
or two doses to 45 subjects. All of 
the participants developed binding 
antibodies to SARS-CoV-2, and at 
least eight of the volunteers devel-
oped neutralizing antibodies, which 

Developing a Coronavirus Vaccine: A ChE Race

ChemE Rock Star

Noubar Afeyan

ChemE Rock Star

Robert Langer

 Moderna, a biotechnology company, recently 
completed Phase 2 of clinical trials for their corona-
virus vaccine. Image courtesy of Moderna.
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kill foreign viruses. Moderna has not 
yet been able to test the remaining 
subjects for neutralizing antibodies. 
 However, there have been con-
cerns about the limited amount of data 
released, and Moderna’s subsequent 
announcement of a stock offering to 
help pay for further vaccine devel-
opment. Media outlets and vaccine 
experts have questioned the company’s 
motivations for releasing preliminary 
data, as well as the actual implications 
of Moderna’s early clinical trials.
 According to Afeyan, this is 
merely unfounded speculation. “It is 
quite common in this kind of trial to 
take an early sample for initial data, 
and then do the rest of the testing,” 
he says. “There are vaccine experts 
out there saying that the rest of the 
data must be bad, because if we had 
good data, we would have released it. 
This logic is completely fl awed. We 
have no interest in hiding what we 
know, but at the same time, we cannot 
answer questions we don’t have the 
answers to just because people want to 
ask them.”
 Afeyan also expressed con-
cerns about the nature of skepticism 
coming from other scientists about 
Moderna’s vaccine. He welcomes 
the scrutiny that comes with being at 
the center of a pandemic, but asserts 
that there must be an equal burden 
of facts.“There are experts speculat-
ing about valid concerns, but they 
are posed as if the questioner knows 
something more than we do. The truth 
is, none of us know. We have to do 
the work to get the data to know.” 
 Moderna entered Phase 2 trials 
in June, where 25–100 patients all 
received the same dose. They plan 
to enter Phase 3 — testing several 
hundred patients — this month. If the 
trials meet the company’s safety and 
effi cacy targets, the vaccine will then 
be evaluated for licensure by federal 

organizations. Multiple companies will 
likely need to produce COVID-19 vac-
cines, and Moderna anticipates being 
just one of many vaccine producers in 
the future.
 Overall, the coronavirus pandemic 
has accelerated the urge for scientists 
to work hard to create solutions. And 
according to Afeyan, the need for a 
vaccine may persist over the years.“It 
would be great if COVID-19 just went 
away, but while it may diminish, the 
more likely course is that the virus will 
diminish and then surge again, and 
then repeat the same cycle. We will 
need vaccines every so often. I think 
this virus will exist with humans, and 
within humans, for quite a long time,” 
he says.

 However, these numbers suggest 
a potential plateauing of economic 
decline. “We’re very encouraged that 
the May reading was less negative than 
April,” says Martha Moore, an econo-
mist at ACC. “Hopefully, this indicates 
that the sharp decline has bottomed 
out. Still, I know it will be an uphill 
battle — but at least directionally, 
we’ll be moving out of this instead of 
continuing to decline.”
 Moore describes recent federal eco-
nomic data as extremely concerning, 
citing historic declines in unemploy-
ment from all-time lows to post-World 
War II highs. Still, she remains hopeful 
that as the overall economy improves, 
the CAB will also climb. “As the 
broader economy starts to recover and 
manufacturing opens up, those markets 
will stimulate demand for chemical 
manufacturing that will bring jobs 
back,” Moore says. “Today, we’re 
starting to see restaurant bookings and 
other indicators picking up. Across 
the country, folks are spending more 
and more time going to work, going to 
retailers. I think the CAB refl ects that.”
 Since April, total employment in 
the chemical industries has declined 
by 31,100 workers. Certain sectors 
of the chemical process industries 
(CPI) were particularly hard hit. 
These include construction-related 
resins, pigments, and related perfor-
mance chemistry, and, resins used for 
appliances, light vehicles, machinery, 
and durable goods. Plastic resins for 
packaging and consumer applications 
were mixed. In addition, U.S. exports 
were weak.
 Certain pockets of the industry, 
however, remained productive — such 
as disinfectant and hand sanitizer 
manufacturing, as well as personal 
protective equipment (PPE) production.
 The Equipment Leasing and 
Finance Association’s (ELFA) Monthly 
Leasing and Finance Index (MLFI-25) 

The COVID-19 pandemic has had 
a staggering impact on the U.S. 

economy over the past few months. 
This spring, more than 30 million 
American workers lost their jobs, a 
number unheard of since the Great 
Depression. The U.S. is now offi cially 
in a recession — a result of sharp 
declines in economic activity.
 The onslaught of coronavirus cases 
has also affected the chemical indus-
tries, as well as equipment manufactur-
ing and pharmaceuticals. The American 
Chemistry Council’s (ACC) Chemical 
Activity Barometer (CAB) declined 
sharply in March by 8.9%, followed by 
6.3% in April and 0.3% in May. 
 These numbers are unprecedented 
in the almost-ten-year history of 
the CAB. The CAB is a composite 
economic indicator that is based on 
various measures of chemical industry 
activity, including production, equity 
prices, product prices, inventories, 
and other data. 
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