
 

Researchers produce first map of New York
City subway system microbes
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eatmap of the Pseudomonas genus, the most abundant genus found across the
city. Hotspots are found in areas of high station density and traffic (i.e. lower
Manhattan and parts of Brooklyn). Credit: Ebrahim Afshinnekoo

The microbes that call the New York City subway system home are
mostly harmless, but include samples of disease-causing bacteria that are

1/8



 

resistant to drugs—and even DNA fragments associated with anthrax
and Bubonic plague—according to a citywide microbiome map
published today by Weill Cornell Medical College investigators.

The study, published in Cell Systems, demonstrates that it is possible and
useful to develop a "pathogen map"—dubbed a "PathoMap"—of a city,
with the heavily traveled subway a proxy for New York's population. It
is a baseline assessment, and repeated sampling could be used for long-
term, accurate disease surveillance, bioterrorism threat mitigation, and
large scale health management for New York, says the study's senior
investigator, Dr. Christopher E. Mason, an assistant professor in Weill
Cornell's Department of Physiology and Biophysics and in the HRH
Prince Alwaleed Bin Talal Bin Abdulaziz Al-Saud Institute for
Computational Biomedicine (ICB).

The PathoMap findings are generally reassuring, indicating no need to
avoid the subway system or use protective gloves, Dr. Mason says. The
majority of the 637 known bacterial, viral, fungal and animal species he
and his co-authors detected were non-pathogenic and represent normal
bacteria present on human skin and human body. Culture experiments
revealed that all subway sites tested possess live bacteria.

Strikingly, about half of the sequences of DNA they collected could not
be identified—they did not match any organism known to the National
Center for Biotechnology Information or the Centers for Disease
Control and Prevention. These represent organisms that New Yorkers
touch every day, but were uncharacterized and undiscovered until this
study. The findings underscore the vast potential for scientific
exploration that is still largely untapped and yet right under scientists'
fingertips.

"Our data show evidence that most bacteria in these densely populated,
highly trafficked transit areas are neutral to human health, and much of
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it is commonly found on the skin or in the gastrointestinal tract," Dr.
Mason says. "These bacteria may even be helpful, since they can out-
compete any dangerous bacteria."

But the researchers also say that 12 percent of the bacteria species they
sampled showed some association with disease. For example, live,
antibiotic-resistant bacteria were present in 27 percent of the samples
they collected. And they detected two samples with DNA fragments of 
Bacillus anthracis (anthrax), and three samples with a plasmid associated
with Yersinia pestis (Bubonic plague)—both at very low levels. Notably,
the presence of these DNA fragments do not indicate they are alive, and
culture experiments showed no evidence of them being alive.

These apparently virulent organisms are not linked to widespread
sickness or disease, Dr. Mason says. "They are instead likely just the co-
habitants of any shared urban infrastructure and city, but wider testing is
needed to determine how common this is in other cities."

For example, there has not been a single reported case of the plague in
New York City since the PathoMap project began in June 2013.

"Despite finding traces of pathogenic microbes, their presence isn't
substantial enough to pose a threat to human health," Dr. Mason says.
"The presence of these microbes and the lack of reported medical cases
is truly a testament to our body's immune system, and our innate ability
to continuously adapt to our environment.

"PathoMap also establishes the first baseline data for an entire city,
revealing that low-levels of pathogens are typical of this environment,"
he adds. "While this is expected in rural environments, and also present
in livestock, we've never seen these levels before in cities. We can now
monitor for changes and potential threats to this balanced microbial
ecosystem."
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"Jumping into the Unknown"

Scientists now believe that the diversity of microorganisms that are
present in, on and around humans comprise a significant component of
overall health. In the average human, there are 10 times as many
microbes as human cells, and products processed by these microbes
comprise more than one-third of the active, small molecules in the
bloodstream. This collective microbiome is seen to impact health by
exacerbating or resisting infectious diseases, controlling obesity risk, and
regulating metabolic rates.

Yet there is very little known about the native microbial communities
that surround people in streets, buildings or public transit areas.

In the study, the research team—which includes investigators from five
other New York City medical centers and others from around the
country and internationally—sought to define the microbiome in New
York City's subway system, which in 2013 was used by an average of 5.5
million people per day, according to the city's Metropolitan
Transportation Authority. Over the past 17 months, the team—many of
them student volunteers, medical students and graduate students—used
nylon swabs to collect, in triplicate, DNA from turnstiles, wooden and
metal benches, stairway hand railings, trashcans, and kiosks in all open
subway stations in 24 subway lines in five boroughs. The team also
collected samples from the inside of trains, including seats, doors, poles
and handrails. Investigators are currently analyzing additional samples
collected during all four seasons to study the temporal dynamics of the
microbiome.

The sample collectors were equipped with a mobile app built by the
researchers, which allowed them to time stamp each of the samples, tag
it using a global positioning system and log the data in real time. DNA
from the microbes was sequenced using the most advanced research
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technology at the Weill Cornell Epigenomics Facility and the
HudsonAlpha Institute for Biotechnology. They sequenced 1,457
samples out of more than 4,200 collected, and the results were analyzed
in the ICB.

"We had our hypothesis about what's on the surfaces of the subway,
which reflects a massive, diverse, busy metropolis, but we really had no
idea what we would find," says co-lead author Ebrahim Afshinnekoo, a
senior at Macaulay Honors College-Queens who starting working on the
project as a Tri-Institutional Computational Biology and Medicine
Summer Student in 2013.

The majority of the DNA from all the samples, 48.3 percent, did not
match any known organism, "which underscores the vast wealth of
unknown species that are ubiquitous in urban areas," Afshinnekoo says.

The most commonly found organism (46.9 percent) was bacteria.
Despite some riders' fears of catching cold or flu from fellow
straphangers, viruses were rare—they made up .032 percent of the
samples. However, some seasonal viruses are RNA viruses, not DNA
viruses, and they would not be identified with the collection methods
used in the study.

Of the known bacteria, the majority (57 percent) found on the surfaces
of the subway have never been associated with human disease, whereas
about 31 percent represented opportunistic bacteria that might pose
health risks for immune-compromised, injured or disease-susceptible
populations, researchers report. The remaining 12 percent have some
evidence of pathogenicity.

They found that dozens of microbial species were unique to each area of
the train, and that there is a significant range of microbial diversity
across different subway lines. The Bronx was found to be the most
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diverse with the most number of species found, followed by Brooklyn,
Manhattan and Queens. Staten Island was the least diverse.

"We built maps that detail what organisms are present in each area of the
city, creating a molecular portrait of the metropolis," says co-lead author
Dr. Cem Meydan, a postdoctoral associate at Weill Cornell Medical
College.

Despite sampling surfaces of areas of high human traffic and contact,
the researchers found that only an average of 0.2 percent of reads
uniquely mapped to the human genome. Using tools like
AncestryMapper and ADMIXTURE, the investigators took human
alleles and recreated census data of a particular subway station or
neighborhood. Their results showed that the trace levels of human DNA
left of the surface of the subway can recapitulate the U.S. Census data.
For example, a Hispanic area near Chinatown in Manhattan appeared to
hold a strong mixture of Asian and Hispanic human genes. An area of
North Harlem showed African and Hispanic genes, and an area of
Brooklyn with a predominantly white population was predicted to be
Finnish, British and Tuscan.

"This provides a forensic ability to learn about the ancestry of the people
who transit a station," Dr. Mason says, "and it means the DNA people
leave behind can reveal a clue as to the area's demographics."

The researchers also compared their microbial data with U.S. census
data, as well as average ridership data from the MTA. They found a
slightly positive correlation between these two variables and the
population density of microbes on the subway, suggesting that the more
people in an area, the more diverse the types of bacteria.

Efforts like PathoMap in New York can readily be applied to other cities
to provide a new tool for disease and threat surveillance, Dr. Mason says.

6/8



 

"With the further development of sequencing technologies, I believe
having a live model tracking the levels of potential pathogens could be
possible," he says. "I envision PathoMap to be the first step in that
model."

Projects are already underway that build upon PathoMap's initial data
and further the researchers' goal of investigating the microbiome of
large, complex cities. Collaborators across the country have collected
samples from airports, subways, transit hubs, taxis and public parks
located in 14 states—including New Jersey, Massachusetts, Maryland,
Florida, Illinois, Texas and California. By sequencing the DNA of these
samples, Dr. Mason hopes to create the first ever comparison of major
cities in the nation that contextualizes urban and rural, high density and
low density environments.

The Impact of Superstorm Sandy

The researchers also worked with the MTA to gain access to the South
Ferry station that was completed submerged by Superstorm Sandy in
2012, and which was still closed during sampling. (The station reopened
in April 2013.) Dr. Mason's team sampled the walls and floors of the
station, and found 10 species of bacteria present that were found
nowhere else in the system. Notably, all of the species are normally
found in marine or aquatic environments.

"The walls of the subway still carry the echo of the hurricane, and you
can see it in the microbiome," Dr. Mason noted. "The big questions are -
how long will it stay? How does this impact health and the design of the
built environment of the subway? This is why we have kept sampling
and swabbing since we started. The temporal dynamics are key."

Provided by Weill Cornell Medical College
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