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Fighting food poisoning in Las Vegas with
machine learning
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nEmesis web interface helps health departments identify self-reported illnesses.
Credit: Adam Sadilek, University of Rochester
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It's happened to many of us. We eat at a restaurant with less than ideal
hygiene and come down with a nasty case of food poisoning.

Foodborne illness afflicts 48 million people annually in the U.S. alone;
120,000 individuals are hospitalized annually, and 3,000 die from the
illness. In fact, one out of every six Americans gets food poisoning each
year. And many of these sufferers write about it on Twitter.

Computer science researchers from the University of Rochester have
developed an app for health departments that uses natural language
processing and artificial intelligence to identify food poisoning-related
tweets, connect them to restaurants using geotagging and identify likely
hot spots.

The team presented the results of its research at the 30th Association for
the Advancement of Artificial Intelligence (AAAI) conference in
Phoenix, Arizona, in February. The project was supported by grants
from the National Science Foundation, the National Institutes of Health
and the Intel Science and Technology Center for Pervasive Computing.

Location-based epidemiology is nothing new. John Snow, credited as the
world's first epidemiologist, used maps of London in 1666 to identify
the source of the Cholera epidemic that was rampaging the city (a
neighborhood well) and in the process discovered the connection
between the disease and water sources.
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3 All 1 ate for lunch were some noodles with butter
but suddenly my stomach is all crampy. Rude.

Delicious cooking smells coming from downstairs
while | recover from food poisoning upstairs. Fbadtiming

The nEmesis app collected tweets in Las Vegas and evaluated them to find cases
of food poisoning. Credit: Adam Sadilek, University of Rochester

However, as the researchers showed, it's now possible to deduce the
source of outbreaks using publicly available social media content and
deep learning algorithms trained to recognize the linguistic traits
associated with a disease - "I feel nauseous," for instance.

"We don't need to go door to door like John Snow did," says Adam
Sadilek, a researcher who worked on the project at the University of
Rochester and who is now at Google Research. "We can use all this data
and mine it automatically."
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Testing the app in Las Vegas

The work presented at AAAI described a recent collaboration with the
Las Vegas health department, where officials used the app they
developed, called nEmesis, to improve the city's inspection protocols.

Typically, cities (including Las Vegas) use a random system to decide
which restaurants to inspect on any given day. The research team
convinced Las Vegas officials to replace their random system with a list
of possible sites of infection derived using their smart algorithms.

In a controlled experiment, half of the inspections were performed using

the random approach and half were done using nEmesis, without the
inspectors knowing that any change had occurred in the system.

477



PHYS 19X

Positive Features

Negative Features

Feature Weight || Feature Weight

stomach 1.7633 think 1"m sick —0.8411
stomachache 1.2447 i feel soo00 —0.7156
nausea 1.0935 f—k i'm —0.6393
tummy 1.0718 @ID sick to —0.6212
#upsetstomach 0.9423 sick of being —0.6022
nauseated 0.8702 ughhh cramps —0.5909
upset 0.8213 || cramp —0.5867
naucious 0.7024 so sick omg —0.5749
ache 0.7006 tired of —0.5410
being sick man 0.6859 cold —0.5122
diarrhea 0.6789 burn sucks —0.5085
vomit 0.6719 course i'm sick | —0.5014
@IDi’'m getting 0.6424 if i’'m —0.4988
#tummyache 0.6422 is sick —0.4934
#stomachache 0.6408 so sick and —0.4904
i’ve never been 0.6353 omg i am —0.4862
threw up 0.6291 @LINK —0.4744
1'm sick great 0.6204 @ID sick —0.4704
poisoning 0.5879 if —0.4695
feel better tomorrow | 0.5643 i feel better —0.4670

Top 20 most significant negatively and positively weighted features in the
nEmesis language model. Credit: Adam Sadilek, University of Rochester

"Each morning we gave the city a list of places where we knew that
something was wrong so they could do an inspection of those

restaurants,” Sadilek said.
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For three months, the system automatically scanned an average of
16,000 tweets from 3,600 users each day. 1,000 of those tweets snapped
to a specific restaurant and of those, approximately 12 contained content
that likely signified food poisoning. They used these tweets to generate a
list of highest-priority locations for inspections.

Analyzing the results of the experiment, they found the tweet-based
system led to citations for health violations in 15 percent of inspections,
compared to 9 percent using the random system. Some of the inspections
led to warnings; others resulted in closures.

The researchers estimate that these improvements to the efficacy of the
inspections led to 9,000 fewer food poisoning incidents and 557 fewer
hospitalization in Las Vegas during the course of the study.

"nEmesis has proved to be a useful tool for quickly and accurately
identifying facilities in need of support, education, or regulation by the
health department,” says Lauren DiPrete, senior environmental health
specialist for the Southern Nevada Health District.

" Adaptive inspections allow us to focus our limited resources on the
restaurants with problems," says Brian Labus, a visiting research
assistant professor at the University of Nevada Las Vegas's School of
Community Health Sciences. "The sooner we find out about a problem,
the sooner we can intervene and keep people from getting sick."

The research received an Innovative Applications of Artificial
Intelligence award at AAAI as one of the best deployed applications of
Al with measurable benefits.

" Adaptive inspections are significantly more effective and can make a
real dent in the statistics," Sadilek said. "This case shows how you can

use public data to improve public health."
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Not only that, the approach can be applied to a range of other public
health problems.

"This happens to be restaurants, but the method can also be used for
bedbugs," he says. "Similarly, you can look what people tweet about
after they visit their doctor or hospital. We're just beginning to scratch
the surface of what's possible."

nEmesis serves as an example of how researchers can leverage social
media users as a kind of distributed sensor network, where each person
observes and reports on some aspect of the world, according to Henry
Kautz, director of the Institute for Data Science at the University of
Rochester and the principal investigator on the NSF-funded project that
developed the app.

"Each report is very noisy, but the aggregate results can be reliable,"

Kautz says. "The approach can be used for health, environmental
protection, public safety and many other applications."
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