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Stress boosts a kind of sleep in mice that subsequently relieves anxiety, according to
new research that also pinpoints the mechanism responsible.



https://www.sciencedaily.com/releases/2022/06/220630142127.htm

FULL STORY

Stress boosts a kind of sleep in mice that subsequently relieves anxiety,
according to new research that also pinpoints the mechanism responsible.

Since sleep is similar across mammals, it is likely the same mechanism is triggered in human
brains. Uncovering the mechanism could lead to artificial ways to boost its effects, helping to
treat persistent stress disorders such as PTSD.

We often think of stress keeping us awake at night, but certain kinds of stress actually appear to
induce sleep. Now, a study led by researchers at Imperial College London and institutions in
China has uncovered how this happens in the brains of mice.

As well as discovering how sleep is induced, they reported that the sleep experienced by the
mice appears to lower their anxiety levels the next day. The findings are reported today in the
journal Science.

There are two main types of sleep that we, and all mammals experience: REM (rapid eye
movement, where we tend to dream), and non-REM (NREM; deeper, dreamless sleep). People
who suffer from PTSD experience less REM sleep, contributing to the theory that REM sleep
helps us process difficult emotions and stress.

Lead researcher Professor Bill Wisden, from the Department of Life Sciences at Imperial, said:
"Our results add weight to the idea that REM sleep helps us cope with stress. However, we
previously only knew about ways REM sleep is reduced, such as some drugs that suppress it.

"Now, our study has revealed a mechanism by which REM sleep is induced, paving the way for
drugs or other interventions that target the right neurons and boost the stress-busting power of
sleep."

The researchers caused a type of psycho-social stress in mice called 'social defeat', which is
used as an analogue for human bullying. Mice were exposed to particularly aggressive mice
(without physical harm), after which researchers noted that 'flight or fight' hormones rose in their
blood, indicating stress.

When the mice then slept, researchers tracked the activity of their neurons (brain cells). This
revealed a specific set of neurons that detected and responded to the stress hormone levels and
induced sleep high in both NREM and REM.

The activity of these neurons, and levels of NREM and REM sleep, stayed high for around five
hours of sleep, during which they also sent signals to other neurons that regulate stress
hormones, blocking them from releasing more.

The newly discovered neurons thus not only detected stress and induced sleep as a result, they
also triggered the lowering of stress hormones.

Once the mice awoke, the researchers tested their anxiety response, to see how the sleep had
affected their stress behaviours. They did this by measuring how long the mice spent in the light,
rather than seeking out darkness, as they tend to do more when they are anxious.



Their responses were compared to stressed mice that were either sleep deprived (stimulated
with objects) or had their newly identified neurons impaired, meaning they didn't get the
restorative sleep normal mice did.

The mice that didn't get their stress-induced sleep spent much more time in the dark, indicating
they were more anxious, and their stress hormone levels remained high.

Having found this new mechanism, the team now hope to find ways to selectively target the
responsible neurons to boost their positive effects via sleep.

The team were funded by the Wellcome Trust and the UK Dementia Research Institute.
Dementia diagnosis can cause significant psychological stress, and the team hope that if their
research can lead to a way to boost the effects of sleep, this will also help people cope with a
new diagnosis. People living with dementia also suffer from more emotional disturbances, and
boosting REM sleep may also help reduce this distress.

Story Source:

Materials provided by Imperial College London. Original written by Hayley Dunning. Note:
Content may be edited for style and length.

Journal Reference:

1. Xiao Yu et al. A specific circuit in the midbrain detects stress and induces
restorative sleep. Science, 2022 DOI: 10.1126/science.abn0853
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Researchers from the National Institutes for Quantum Science and Technology prove that
the protein p62 eliminates and prevents the formation of toxic tau protein aggregates and
inflammation and degeneration of neurons. Credit: Maiko Ono from National Institutes for
Quantum Science and Technology, Japan

In order to maintain cellular homeostasis (i.e., a state of equilibrium), cells undergo
selective autophagy or self-degradation of unwanted proteins. Autophagy receptors
control this process, by mediating the selection of a target protein that is then
"cleared.”

Tau proteins—which otherwise play an important role in stabilizing and maintaining
the internal organization of neurons in the brain—abnormally accumulate inside
neurons in conditions like dementia and Alzheimer's disease. This build-up of hyper-
phosphorylated tau proteins (or tau oligomers) causes the formation of
neurofibrillary tangles (NFTs) and eventual cell death of neurons in the brains of
people with dementia, contributing to the disease's progressive neurodegenerative
symptoms. Now, while tau proteins can be degraded by selective autophagy, the
exact mechanism of how this occurs remains a mystery.

In a recent breakthrough, however, a study done by scientists at the National
Institutes for Quantum Science and Technology in Japan proved the critical role
played by a certain gene—the p62 gene—in the selective autophagy of tau oligomers.
The team included researcher Maiko Ono, and group leader Naruhiko Sahara—both
from the Department of Functional Brain Imaging at the National Institutes for



Quantum Science and Technology in Japan. Their paper, published in Aging Cell, was
made available online on 5 June 2022.

Previous studies have reported that the abnormal accumulation of the tau

proteins may be selectively suppressed by autophagy pathways, through the p62
receptor protein (which is a selective autophagy receptor protein). Says Maiko Ono,
"This protein's ubiquitin-binding ability helps in the identification of toxic protein
aggregates (like tau oligomers), which can then be degraded by cellular processes
and organelles."

This study's novelty, however, lay in the demonstration of p62's "neuroprotective"
role in a living model, which had never been done before. So, how did the researchers
achieve this? They used mouse models of dementia. The p62 gene had been deleted
(or knocked out) in one group of these mice, so they did not express p62 receptor
proteins.

On studying the brains of these mice using immunostaining and comparative
biochemical analyses, an interesting picture was revealed. Neurotoxic tau protein
aggregates were found in the hippocampus—the area of the brain associated with
memory—and brainstem—the center that coordinates the body's breathing,
heartbeat, blood pressure, and other voluntary processes—of p62 knockout (KO)
mice. When we consider this along with the symptoms of dementia, which
include memory loss, confusion, and mood changes, these findings make a lot of
sense.

MRI scans revealed that the hippocampus of p62 KO mice was degenerated
(atrophied) and inflamed. A postmortem assessment of their brains revealed a
greater loss of neurons in their hippocampus. Further immunofluorescent studies
showed that the abnormal tau species aggregates can cause cytotoxicity leading to
inflammation and cell death of neurons in p62 KO mice. Oligomeric tau, specifically,
accumulated more in the brains of p62 KO mice.

Overall, the findings of this study prove that by eliminating and, hence, preventing the
aggregation of oligomeric tau species in the brain, p62 played a neuroprotective role
in models of dementia.

At a time when researchers across the word are trying to develop drugs for dementia
and other related neurodegenerative disorders, the findings of this study will be of
great importance in providing evidence for the accurate targeting of tau oligomers.
The global population of aging humans is increasing each year; hence, the need to
develop methods to slow down the onset and progression of various
neurodegenerative diseases is also expanding. This study provides a positive step
towards addressing that need.

Explore further

Research explores why certain brain neurons are vulnerable to degeneration
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More information: Maiko Ono et al, Central role for p62/SQSTM1 in the elimination of toxic
tau species in a mouse model of tauopathy, Aging Cell (2022). DOI: 10.1111/acel.13615
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In mouse models, researchers found that how much animals ate and when altered their gut
microbiome, sometimes for the worse. Credit: Public domain (original work of U.S. Federal
Government)

An estimated 500 to 1,000 bacterial species reside in each person's gut, perhaps
numbering 100,000 trillion microorganisms. In a new paper, published July 5, 2022
in Cell Reports, researchers at University of California San Diego School of Medicine
used mouse models to explore how diet and feeding patterns affect these intestinal
microbes—and the health of the hosts, particularly with obesity and type 2 diabetes.

In both mice and men, the ileum is the final stretch of the small intestine, connecting
to the cecum, the first part of the large intestine. In the ileum, nutrients are drawn out
of liquefied food; in the cecum, which also marks the beginning of the colon, the
process of extracting water begins.

Both processes are complex, dynamic and profoundly influenced by factors ranging
from the types of foods consumed and when, to the microbial residents of the gut,
whose presence and behaviors help dictate digestion, absorption of nutrients,
vitamin synthesis and development of the immune system.

"It's important to realize that the gut microbiome is constantly changing, not only
based on what we're eating, but also based on the time of day," said senior study
author Amir Zarrinpar, MD, Ph.D., assistant professor of medicine at UC San Diego
School of Medicine and a gastroenterologist at UC San Diego Health.

"Most researchers are getting snapshots of this constantly shifting environment,
which makes it hard to understand what is going on in the gut. With this study, we
are trying to get multiple snapshots throughout the day, almost like a movie, to better
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understand how food and the microbiome interact to affect weight gain and
diabetes.

"And what we've learned is that cyclical changes in the gut microbiome are quite
important for health since they help with the circadian clock, and with that the
regulation and control of glucose, cholesterol and fatty acids—and overall metabolic
health."

In their latest work, Zarrinpar and colleagues further elucidate the impact and
interplay of these factors, particularly in terms of the ileum and its unique functions
related to digestion and absorption. Specifically, they looked at how diet-induced
obesity (DIO) and time-restricted feeding (TRF) alter ileal microbiome composition
and transcriptome (the protein-coding part of an organism's genome) in mouse
models.

The researchers found that in mouse models, DIO and the absence of TRF (mice
could eat as much as they wanted whenever they wanted) resulted in disruptions to
gut microbiome rhythms and the signaling pathways that help modulate intestinal
clocks. In other words, the mice became fat and unhealthy.

"It is interesting that restricting food access with TRF acts not only through
restoration of patterns affected under the unhealthy state, but also through new
pathways," said first author Ana Carolina Dantas Machado, Ph.D., a postdoctoral
scholar in Zarrinpar's lab.

"These findings underscore the influence of diet and time restricted feeding patterns
in maintaining a healthy gut microbiome, which in turn modulates circadian rhythms
that govern metabolic health," said Zarrinpar. "It's a very complicated relationship
between the microbiome and the host, with the former helping determine the latter's
gastrointestinal functioning and health."

Their work, said the authors, can inform future studies, in particular investigations of

how the gut works or how drugs act upon the gut function depending upon the state
of the microbiome at a particular time or time of day.

Explore further

Microbiome links diet to health

More information: Ana Carolina Dantas Machado et al, Diet and feeding pattern modulate
diurnal dynamics of the ileal microbiome and transcriptome, Cell Reports (2022). DOI:
10.1016/j.celrep.2022.111008

Journal information: Cell Reports
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Human brown adipocytes, lipid stained red (RedO oil stain). Credit: Laia Reverte Salisa /
University of Bonn

Normally, fat cells store energy. In brown fat cells, however, energy is dissipated as
heat—brown fat thus serves as a biological heater. Most mammals therefore have
this mechanism. In humans it keeps newborns warm; in human adults, brown fat
activation positively correlates with cardio-metabolic health.

"Nowadays, however, we're toasty warm even in winter," explains Prof. Dr. Alexander
Pfeifer from the Institute of Pharmacology and Toxicology at the University of Bonn.
"So our body's own furnaces are hardly needed anymore."

At the same time, we are eating an increasingly energy-dense diet and are also
moving far less than our ancestors. These three factors are poison for brown

fat cells: They gradually cease to function and eventually even die. On the other
hand, the number of severely overweight people worldwide continues to increase.
"Research groups around the world are therefore looking for substances that
stimulate brown fat and thus increase fat burning," says Pfeifer.

Dying fat cells boost energy combustion of their neighbors

Together with a group of colleagues, the team at the University of Bonn has now
identified a key molecule named inosine that is capable of burning fat. "It is known
that dying cells release a mix of messenger molecules that influence the function of
their neighbors," explains Dr. Birte Niemann from Pfeifer's research group. Together
with her colleague Dr. Saskia Haufs-Brusberg, she planned and conducted the
central experiments of the study. "We wanted to know if this mechanism also exists
in brown fat."
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The researchers therefore studied brown fat cells subjected to severe stress, so that
the cells were virtually dying. "We found that they secrete the purine inosine in large
quantities," Niemann says. More interesting, however, was how intact brown fat cells
responded to the molecular call for help: They were activated by inosine (or simply
by dying cells in their vicinity). Inosine thus fanned the furnace inside them. White fat
cells also converted to their brown siblings. Mice fed a high-energy diet and treated
with inosine at the same time remained leaner compared to control animals and
were protected from diabetes.

The inosine transporter seems to play an important role in this context: This protein
in the cell membrane transports inosine into the cell, thus lowering the extracellular
concentration. Therefore, inosine can no longer exert its combustion-promoting
effect.

University of Bonn

Drug inhibits the inosine transporter

"There is a drug that was actually developed for coagulation disorders, but also
inhibits the inosine transporter," says Pfeifer, who is also a member of the
Transdisciplinary Research Areas "Life and Health" and "Sustainable Futures" at the
University of Bonn. "We gave this drug to mice, and as a result they burned more
energy." Humans also have an inosine transporter. In two to four percent of all
people, it is less active due to a genetic variation. "Our colleagues at the University of
Leipzig have genetically analyzed 900 individuals," Pfeifer explains. "Those subjects
with the less active transporter were significantly leaner on average."
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These results suggest that inosine also regulates thermogenesis in human brown fat
cells. Substances that interfere with the activity of the transporter could therefore
potentially be suitable for the treatment of obesity. The drug already approved for
coagulation disorders could serve as a starting point. "However, further studies in
humans are needed to clarify the pharmacological potential of this mechanism,"
Pfeifer says. Neither does he believe that a pill alone will be the solution to the
world's rampant obesity pandemic. "But the available therapies are not effective
enough at the moment," he stresses. "We therefore desperately need medications to
normalize energy balance in obese patients."

The key role played by the body's own heating system is also demonstrated by a
major new joined research consortium: The German Research Foundation (DFG)
recently approved a Transregional Collaborative Research Center in which the
Universities of Bonn, Hamburg and Munich conduct targeted research on brown
adipose tissue.

The research was published in Nature.

Explore further

Researchers boost fat-burning

More information: Birte Niemann et al, Apoptotic brown adipocytes enhance energy
expenditure via extracellular inosine, Nature (2022). DOI: 10.1038/s41586-022-05041-0

Journal information: Nature
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Newly identified brain circuits may point to more effective pain therapies
Date:

July 7, 2022
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Source:
NIH/National Institute of Dental and Craniofacial Research
Summary:
Scientists have identified the neural mechanisms through which sound blunts pain in

mice. The findings could inform development of safer methods to treat pain.

FULL STORY

Sound reduces pain in mice by lowering the activity of neurons in the brain’s auditory cortex (green

and magenta) that project to the thalamus. Wenjie Zhou

An international team of scientists has identified the neural mechanisms
through which sound blunts pain in mice. The findings, which could inform
development of safer methods to treat pain, were published in Science.
The study was led by researchers at the National Institute of Dental and
Craniofacial Research (NIDCR); the University of Science and Technology



of China, Hefei; and Anhui Medical University, Hefei, China. NIDCR is part
of the National Institutes of Health.

"We need more effective methods of managing acute and chronic pain, and that starts with
gaining a better understanding of the basic neural processes that regulate pain," said NIDCR
Director Rena D'Souza, D.D.S., Ph.D. "By uncovering the circuitry that mediates the pain-
reducing effects of sound in mice, this study adds critical knowledge that could ultimately inform
new approaches for pain therapy."

Dating back to 1960, studies in humans have shown that music and other kinds of sound can
help alleviate acute and chronic pain, including pain from dental and medical surgery, labor and
delivery, and cancer. However, how the brain produces this pain reduction, or analgesia, was
less clear.

"Human brain imaging studies have implicated certain areas of the brain in music-induced
analgesia, but these are only associations," said co-senior author Yuanyuan (Kevin) Liu, Ph.D., a
Stadtman tenure-track investigator at NIDCR. "In animals, we can more fully explore and
manipulate the circuitry to identify the neural substrates involved."

The researchers first exposed mice with inflamed paws to three types of sound: a pleasant piece
of classical music, an unpleasant rearrangement of the same piece, and white noise.
Surprisingly, all three types of sound, when played at a low intensity relative to background noise
(about the level of a whisper) reduced pain sensitivity in the mice. Higher intensities of the same
sounds had no effect on animals' pain responses.

"We were really surprised that the intensity of sound, and not the category or perceived
pleasantness of sound would matter,” Liu said.

To explore the brain circuitry underlying this effect, the researchers used non-infectious viruses
coupled with fluorescent proteins to trace connections between brain regions. They identified a
route from the auditory cortex, which receives and processes information about sound, to the
thalamus, which acts as a relay station for sensory signals, including pain, from the body. In
freely moving mice, low-intensity white noise reduced the activity of neurons at the receiving end
of the pathway in the thalamus.

In the absence of sound, suppressing the pathway with light- and small molecule-based
technigues mimicked the pain-blunting effects of low-intensity noise, while turning on the
pathway restored animals' sensitivity to pain.

Liu said it is unclear if similar brain processes are involved in humans, or whether other aspects
of sound, such as its perceived harmony or pleasantness, are important for human pain relief.

"We don't know if human music means anything to rodents, but it has many different meanings to
humans -- you have a lot of emotional components,” he said.

The results could give scientists a starting point for studies to determine whether the animal
findings apply to humans, and ultimately could inform development of safer alternatives to
opioids for treating pain.

This research was supported by the NIDCR Division of Intramural Research. Support also came
from the National Key Research and Development Program of China Brain Science and Brain-
Like Intelligence Technology, National Natural Science Foundation of China, Science Fund for
Creative Research Groups of the National Natural Science Foundation of China, CAS Project for
Young Scientists in Basic Research, Natural Science Foundation of Anhui Province, and the
University of Science and Technology of China Research Funds of the Double First-Class
Initiative.

Story Source:



Materials provided by NIH/National Institute of Dental and Craniofacial Research. Note:
Content may be edited for style and length.
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Colorized scanning electron micrograph of a T lymphocyte. Credit: NIAID

For patients with lymphoma, multiple myeloma, or certain types of leukemia,
treatment with chimeric antigen receptor T cells (CAR T cells) is sometimes the last
chance of overcoming the cancer. The treatment involves taking T cells from the
patient's blood and adding artificial receptors—the CARs—to them in the lab. As the
guards of our immune system, T cells are on permanent patrol in our blood vessels
and tissues, where they hunt down foreign structures. Equipped with CARs, T cells
can also detect very specific surface structures on cancer cells. Once the CART
cells are returned to the patient by infusion, they circulate in the body as a kind of
living drug that can bind to very specific tumor cells and destroy them.

The engineered immune cells remain in the body permanently and multiply. If the
cancer flares up again, they'll go back into action. That's the theory, at least. But in
practice, many patients still relapse. This is because the tumor cells can outwit the
CART cells by producing more of the protein EBAG9—and by causing the T cells to
produce more of it, too. In T cells, EBAG9 inhibits the release of cytotoxic enzymes,
which slows the desired immune response.

A month earlier, a team led by last authors Dr. Armin Rehm and Dr. Uta Hopken from
the Max Delbriick Center for Molecular Medicine in the Helmholtz Association (MDC)
showed in the journal JCI Insight that shutting down the EBAG9 gene in mice led to a
sustained increase in the immune response to cancer. The mice also developed
more T memory cells. These cells are part of our immunological memory, which
allows our immune system to respond better to a cancer antigen after encountering
it previously.
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Now the researchers have also shown these key findings in vitro, in human CAR T
cells. Writing in Molecular Therapy, the team says that this is the decisive step on the
road to therapeutic use. "Shutting down EBAG9 allows the body to eradicate tumor
cells earlier and more radically. As well as achieving longer-lasting therapeutic
success, this could also create a real chance of cure," says Rehm.

Releasing the brake for immunotherapy

As soon as the EBAG9 gene was discovered, researchers recognized that it played
an important role in cancer. But it took a long time to identify what that role actually
was. When the MDC team started working on it in 2009, they found that mice without
the gene dealt with bacterial and viral infections much better than mice with the
gene, and that they formed more T memory cells, which are of particular interest in
tumor biology.

Then in 2015, lead author Dr. Anthea Wirges succeeded in curbing synthesis of the
EBAG9 protein using microRNA. For the latest study, she used microRNA to cultivate
"EBAG9-silenced" CAR T cells with different human leukemia or lymphoma cells.
Just like in the mouse model, the silencing reduced tumor growth much more.
Relapses also only developed much later.

"Releasing the EBAG9 brake allows the genetically engineered T cells to release
more cytotoxic substances. However, they don't cause the strong cytokine storm
that is typically a side effect of CAR therapy," says Wirges. In fact, the risk is
minimized because fewer cells are used. "Switching off the immune brake works
across the board. We can do it with every CAR T cell that we produce—regardless of
which type of blood cancer it targets.

Clinical studies are the next step

However, the first-line therapy for blood cancer will remain chemotherapy combined
with conventional antibody therapy, as many patients respond very well to this. "CAR
therapy only comes into play if the cancer returns. It's very expensive because it's an
individual cellular product for a single person," says Hopken. And a single treatment
with that product can save a life.

The EBAG9 work shows how important perseverance and patience are for
researchers. Wirges was motivated by the prospect of her work having a real chance
of clinical application. Rehm adds that "projects like this allow you to get to grips
with a technique in basic research and then apply everything in translational
research—right up to toxicological screening for the regulatory processes." Their
project has now reached this last stage: The researchers will present their concept
to the Paul Ehrlich Institute, Germany's biologics approval agency, in November.

Thanks to their findings from animal models and the in vitro experiments using
human cells, the team now knows that releasing the EBAG9 brake is highly effective
and doesn't cause any more side effects than conventional CAR T therapy. "We now
need bold clinicians and a partner for financing the clinical studies," says Rehm. If
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everything goes well, the therapy using EBAG9-silenced CAR T cells could be
available to patients in as little as two years' time.

Explore further

Boosting the immune response against cancer

More information: Anthea Wirges et al, EBAG9-silencing exerts an immune checkpoint
function without aggravating adverse effects, Molecular Therapy (2022). DOI:
10.1016/j.ymthe.2022.07.009

Journal information: Molecular Therapy

Provided by Max Delbriick Center for Molecular Medicine
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Coronavirus jumped to humans at least twice at market in Wuhan, China, studies find --
ScienceDaily
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Studies link COVID-19 to wildlife sales at
Chinese market, find alternative scenarios

extremely unlikely

Date:

July 26, 2022
Source:

University of Arizona
Summary:

Analyses based on locations and viral sequencing of early COVID-19 cases indicate the
pandemic started in Huanan market in Wuhan, China, with live animals being sold at the
market as the likely source. Genomic studies revealed that the SARS-Cov-2 virus jumped
into humans on at two separate occasions.

FULL STORY

A worker in protective clothing disinfects surfaces in a market where meat is sold as a
prevention against COVID-19.

An international team of researchers has confirmed that live animals sold at
the Huanan Seafood Wholesale Market were the likely source of the




COVID-19 pandemic that has claimed 6.4 million lives since it began nearly
three years ago.

Led by University of Arizona virus evolution expert Michael Worobey, international teams of
researchers have traced the start of the pandemic to the market in Wuhan, China, where foxes,
raccoon dogs and other live mammals susceptible to the virus were sold live immediately before
the pandemic began. Their findings were published Tuesday in two papers in the

journal Science, after being previously released in pre-print versions in February.

The publications, which have since gone through peer review and include additional analyses
and conclusions, virtually eliminate alternative scenarios that have been suggested as origins of
the pandemic. Moreover, the authors conclude that the first spread to humans from animals likely
occurred in two separate transmission events in the Huanan market in late November 2019.

One study scrutinized the locations of the first known COVID-19 cases, as well as swab samples
taken from surfaces at various locations at the market. The other focused on genomic sequences
of SARS-CoV-2 from samples collected from COVID-19 patients during the first weeks of the
pandemic in China.

The first paper, led by Worobey and Kristian Andersen at Scripps Research Institute in San
Diego, California, examined the geographic pattern of COVID-19 cases in the first month of the
outbreak, December 2019. The team was able to determine the locations of almost all of the 174
COVID-19 cases identified by the World Health Organization that month, 155 of which were in
Wuhan.

Analyses showed that these cases were clustered tightly around the Huanan market, whereas
later cases were dispersed widely throughout Wuhan -- a city of 11 million people. Notably, the
researchers found that a striking percentage of early COVID patients with no known connection
to the market -- meaning they neither worked there nor shopped there -- turned out to live near
the market. This supports the idea that the market was the epicenter of the epidemic, Worobey
said, with vendors getting infected first and setting off a chain of infections among community
members in the surrounding area.

"In a city covering more than 3,000 square miles, the area with the highest probability of
containing the home of someone who had one of the earliest COVID-19 cases in the world was
an area of a few city blocks, with the Huanan market smack dab inside it," said Worobey, who
heads UArizona Department of Ecology and Evolutionary Biology.

This conclusion was supported by another finding: When the authors looked at the geographical
distribution of later COVID cases, from January and February 2020, they found a "polar opposite”
pattern, Worobey said. While the cases from December 2019 mapped "like a bullseye" on the
market, the later cases coincided with areas of the highest population density in Wuhan.

"This tells us the virus was not circulating cryptically,” Worobey said. "It really originated at that
market and spread out from there."

In an important addition to their earlier findings, Worobey and his collaborators addressed the
guestion of whether health authorities found cases around the market simply because that's
where they looked.

"It is important to realize that all these cases were people who were identified because they were
hospitalized," Worobey said. "None were mild cases that might have been identified by knocking
on doors of people who lived near the market and asking if they felt ill. In other words, these
patients were recorded because they were in the hospital, not because of where they lived."

To rule out any potentially lingering possibility of bias, Worobey's team took one further step:
Starting at the market, they began removing cases from their analyses, going farther in distance
from the market as they went, and ran the stats again. The result: Even when two-thirds of cases
were removed, the findings were the same.



"Even in that scenario, with the majority of cases, removed, we found that the remaining ones
lived closer to the market than what would be expected if there was no geographical correlation
between these earliest COVID cases and the market,” Worobey said.

The study also looked at swab samples taken from market surfaces like floors and cages after
Huanan market was shuttered. Samples that tested positive for SARS-CoV-2 were significantly
associated with stalls selling live wildlife.

The researchers determined that mammals now known to be susceptible to SARS-CoV-2,
including red foxes, hog badgers and raccoon dogs, were sold live at the Huanan market in the
weeks preceding the first recorded COVID-19 cases. The scientists developed a detailed map of
the market and showed that SARS-CoV-2-positive samples reported by Chinese researchers in
early 2020 showed a clear association with the western portion of the market, where live or
freshly butchered animals were sold in late 2019.

"Upstream events are still obscure, but our analyses of available evidence clearly suggest that
the pandemic arose from initial human infections from animals for sale at the Huanan Seafood
Wholesale Market in late November 2019," said Andersen, who was a co-senior author of both
studies and is a professor in the Department of Immunology and Microbiology at Scripps
Research.

Virus likely jumped from animals to humans more than once

The second study, an analysis of SARS-CoV-2 genomic data from early cases, was co-led by
Jonathan Pekar and Joel Wertheim at the University of California, San Diego and Marc Suchard
of the University of California Los Angeles, as well as Andersen and Worobey.

The researchers combined epidemic modeling with analyses of the virus's early evolution based
on the earliest sampled genomes. They determined that the pandemic, which initially involved
two subtly distinct lineages of SARS-CoV-2, likely arose from at least two separate infections of
humans from animals at the Huanan market in November 2019 and perhaps in December 2019.
The analyses also suggested that, in this period, there were many other animal-to-human
transmissions of the virus at the market that failed to manifest in recorded COVID-19 cases.

The authors used a technique known as molecular clock analysis, which relies on the natural
pace with which genetic mutations occur over time, to establish a framework for the evolution of
the SARS-CoV-2 virus lineages. They found that a scenario of a singular introduction of the virus
into humans rather than multiple introductions would be inconsistent with molecular clock data.
Earlier studies had suggested that one lineage of the virus -- named A and closely related to viral
relatives in bats -- gave rise to a second lineage, named B. More likely, according to the new
data, is a scenario in which the two lineages jumped from animals into humans on separate
occasions, both at the Huanan market, Worobey said.

"Otherwise, lineage A would have had to have been evolving in slow motion compared to the
lineage B virus, which just doesn't make biological sense," said Worobey.

The two studies provide evidence that COVID-19 originated via jumps from animals to humans at
the Huanan market, likely following transmission to those animals from coronavirus-carrying bats
in the wild or on farms in China. Moving forward, the researchers say scientists and public
officials should seek better understanding of the wildlife trade in China and elsewhere and
promote more comprehensive testing of live animals sold in markets to lower the risk of future
pandemics.

Funding for the research was provided by the National Institutes of Health and the National
Science Foundation.
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Coronavirus jumped to humans at least twice
at market in Wuhan, China, studies find
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Summary:
In a pair of related studies, researchers show that the origin of the COVID-19 pandemic
was at a Chinese market and resulted from at least two instances of the SARS-CoV-2
virus jumping from live animal hosts to humans working or shopping there.

FULL STORY

In a pair of related studies, published July 26, 2022 online via First Release
In Science, researchers at University of California San Diego, with
colleagues on four continents, show that the origin of the COVID-19
pandemic in 2019 was at the Huanan Seafood Wholesale Market in
Wuhan, China, and resulted from at least two instances of the SARS-CoV-
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2 virus jumping from live animal hosts to humans working or shopping
there.

The findings, first reported in February after the papers were posted online as preprints awaiting
peer review, garnered international attention, primarily focusing on identifying the market as the
early epicenter of the COVID-19 pandemic. The World Health Organization estimates that there
have been more than 566 million confirmed cases of COVID-19 worldwide and 6.3 million deaths
since the pandemic was declared in early 2020.

"It's vital that we know as much about the origin of COVID-19 as possible because only by
understanding how pandemics get started can we hope to prevent them in the future,” said Joel
O. Wertheim, PhD, associate professor in the Division of Infectious Diseases and Global Public
Health at UC San Diego School of Medicine, and a co-author on both papers.

But elemental to understanding pandemic origins is pinpointing not just where, but how, a
pathogen successfully jumps from a non-human animal host to human, known as a zoonotic
event.

"l think there's been consensus that this virus did in fact come from the Huanan Market, but a
strong case for multiple introductions hasn't been made by anyone else yet," said Wertheim,
senior author of the study that posits the SARS-CoV-2 virus, which causes COVID-19, jumped
from animals to humans at least twice and perhaps as many as two dozen times.

According to researchers, two evolutionary branches of the virus were present early in the
pandemic, differentiated only by two differences in nucleotides -- the basic building blocks of
DNA and RNA.

Lineage B, which included samples from people who worked at and visited the market, became
globally dominant. Lineage A spread within China, and included samples from people pinpointed
only to the vicinity the market. If the viruses in lineage A evolved from those in lineage B, or vice
versa, Wertheim said this would suggest SARS-CoV-2 jumped only once from animals to
humans.

But work by Wertheim and collaborators found that the earliest SARS-CoV-2 genomes were
inconsistent with a single zoonotic jump into humans. Rather, the first zoonotic transmission
likely occurred with lineage B viruses in late-November 2019 while the introduction of lineage A
into humans likely occurred within weeks of the first event. Both strains were present at the
market simultaneously.

Researchers arrived at this conclusion by deciphering the evolutionary rate of viral genomes to
deduce whether or not the two lineages diverged from a single common ancestor in humans.
They used a technique called molecular clock analysis and an epidemic simulation tool called
FAVITES, invented by Wertheim team member Niema Moshiri, PhD, an assistant professor of
computer science at Jacobs School of Engineering at UC San Diego and study co-author.

"None of this could have been done without FAVITES," said Wertheim.
Validation

In February 2022, researchers at the Chinese Center for Disease Control and Prevention
published a long-delayed analysis of genetic traces of the earliest environmental samples
collected at the market two years earlier.

The samples were obtained after the first reports of a new, mysterious illness and after the
market had already been shut down. The Huanan Seafood Wholesale Market in Wuhan is a so-
called "wet market" where live animals are often slaughtered and sold for human consumption,
including in some cases, wildlife.

However, no live wild mammals were left at the market after it was shut down. Instead, Chinese
researchers swabbed walls, floors and other surfaces, tested meat still in freezers, sampled
sewers and caught mice and stray cats and dogs around the market.



Their findings confirmed the not-yet-published predictions of Wertheim's team that Lineage A
was also at the market.

"We felt validated, but what we felt more was immense pressure because they beat our preprint
to the punch by about 12 hours, and we could only discuss their findings in light of ours,"
Wertheim said. "We were also shocked that they had been sitting on evidence for lineage A at
the market for over a year without realizing its importance."

The newly published data, said study authors, are powerful evidence that the two viral lineages
evolved separately and that multiple spillover events occurred. The Wuhan market reportedly
contained a robust live wild animal business, with snakes, badgers, muskrats, birds and raccoon
dogs (a canid indigenous to Asia) and other species sold for food. Wertheim said he believes
there were likely many viral introductions. At least two successfully made the animal-human leap;
other viral strains went extinct.

"While I'm hesitant to call it proof, what we presented is the most comprehensive explanation for
the SARS-CoV-2 genomic diversity at the outset of the pandemic,” Wertheim said. "There are
really no other good explanations for both of these strains being at the market except for multiple
jumps into humans."”

(The findings undercut a circulating and persistent theory that the SARS-CoV-2 virus escaped
from the Wuhan Institute of Virology, located a few miles from the market.)

Jonathan E. Pekar, a doctoral student in Bioinformatics and Systems Biology who co-led the
project with Wertheim and is lead author, said the pandemic was likely looming for years,
awaiting only for the opportunity when humans would come into contact with an animal host
capable of transmitting the virus.

"Everything complicated happened before that introduction," Pekar said. "The last step is just
extended contact and transmission from hosts to humans. At that point, it would actually be
unusual to only have one introduction. We've seen this before with MERS-CoV (a similar
zoonotic virus). We've seen it with humans giving SARS-CoV-2 to minks on farms and then
minks giving it back to humans.

"This has happened before, and it's going to keep happening. Nature is a better lab than humans
will ever be."

The latest study continues a series of published papers by Wertheim and colleagues
investigating and chronicling the origin and spread of COVID-19.

In September 2020, they published data explaining how the first, few cases of novel coronavirus
in North America and Europe quickly spread due to insufficient testing and contact tracing. In
March 2021, Wertheim, Pekar and colleagues characterized the brief time-period during which
SARS-CoV-2 could have circulated undetected before the first human cases in Wuhan.

Co-authors of "The molecular epidemiology of multiple zoonotic origins of SARS-CoV-2" include:
Andrew Magee, Karthik Gangavarapu and Marc A. Suchard, all at UCLA; Edyth Parker,
Nathaniel L. Matteson, Mark Zeller, Joshua I. Levy and Kristian G. Andersen, all at The Scripps
Research Institute; Katherine Izhikevich, Jennifer L. Havens and Tetyana |.Vasylyeva, all at UC
San Diego; Lorena Mariana Malpica Serrano and Michael Worobey, both at University of
Arizona; Alexander Crits-Christoph, Johns Hopkins Bloomberg School of Public Health; Jade C.
Wang and Scott Hughes, both at New York City Department of Health; Jungmin Lee, Heedo
Park, Man-Seong Park, Korea University; Katherine Ching Zi Yan and Raymond Tzer Pin Lin, all
at National Centre for Infectious Diseases, Singapore; Mohd Noor Mat Isa and Yusuf Muhammad
Noor, both at Malaysia Genome and Vaccine Institute; Robert F. Garry, Tulane University;
Edward C. Holmes, University of Sydney, Australia; and Andrew Rambaut, University of
Edinburgh.
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Monkeypox: wealthy countries must avoid
their COVID-19 mistakes

Having ignored the disease for decades, high-income countries must share
vaccines and treatments quickly with other nations.



https://www.nature.com/articles/d41586-022-02036-9

You have full access to this article via Nokia's Digital Library, InfoView @
http://infoview.all.alcatel-lucent.com

Download PDF

Monkeypox particles (red) on the surface of infected cells.Credit: NIH/SPL

Cases of monkeypox continue to rise. A month ago, when the World Health
Organization (WHO) decided against declaring the global outbreak of the viral
disease a public health emergency of international concern (PHEIC), some 3,000
cases had been confirmed in more than 50 countries since the start of May. By
23 July, that number stood at more than 16,000 cases across 75 countries and
territories, according to the WHO.

The WHO’ s expert advisers met again at the end of last week, and although the
majority didn’ t support declaring a PHEIC, on 23 July the organization decided

to go ahead. Now that a declaration has been made, nations must work together
to tackle the outbreak and ensure that sufficient resources are provided to
low— and middle—income countries (LMICs), where the disease has historically
been most prevalent. Mistakes made over COVID-19 must not be repeated.
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For example, no one benefits when there is competition for vaccines during an
emergency — a widespread problem in many nations’ COVID-19 responses.
Smallpox vaccines are effective against monkeypox, but in LMICs both vaccine
supply and diagnhostic capacity are patchy. Vaccine donors need to collaborate
with researchers and health officials to determine what each country requires

to scale up its ability to respond to this infectious disease.
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Monkeypox declared a global emergency: will it help contain the outbreaks?

When a PHEIC is declared, the WHO recommends that nations commit to
ramping up the manufacture and supply of diagnostic testing, medicines and
vaccines. Research also tends to get a boost from governments, universities
and industry — as happened with COVID-19.

The advisers opposed to declaring a PHEIC argued that the disease is treatable
through targeted interventions. At present, the burden of disease is
overwhelmingly being felt among men who have sex with men, in Europe and
North America, and interventions could focus on vaccination in that community.
But those supporting declaring a PHEIC argued that the necessary criteria have
been met: the outbreak is an extraordinary event and the disease is a global
public—health risk that requires a coordinated response.

Until this year, most cases of monkeypox were seen in people in Central and
West Africa. In the current outbreak, all of the known fatalities (at least 70
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suspected deaths so far) have been in African countries, where studies have
shown that young children, older people and those with low immunity have a
higher risk of developing severe disease.

The Democratic Republic of the Congo has experienced thousands of

suspected cases during the past decade, and in that time hundreds of people

have died from a virulent strain that has a mortality rate of around 10% (Z.
Jezek et al Trop. Geogr. Med. 40, 73—83; 1988). But the true figures are not
known — and could be higher than estimates suggest.
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Monkeypox in Africa: the science the world ignored

In an all-too—common scenario, it has taken a health emergency in Europe and
North America for the world to take notice of a disease. As Emmanuel Alakunle
and Malachy Okeke at the American University of Nigeria in Yola write in a
comment article in Nature Reviews Microbiology, the monkeypox outbreak
should serve as “a wake—up call” that “highlights how little—to—no attention has
been paid to the spread of the virus within endemic areas” (E. F. Alakunle and
M. I. Okeke Nature Rev. Microbiol. https://doi.org/h5v8; 2022).

Last month, Adesola Yinka—Ogunleye, an epidemiologist at the Nigeria Centre
for Disease Control in Abuja, told Mature that epidemiologists have been
warning for some years that monkeypox is spreading. “The world is paying the
price for not having responded adequately,” she said.
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The PHEIC declaration presents an opportunity to right this wrong. High—
income countries in particular must learn from mistakes made over COVID-19.
In an emergency it is senseless to compete for vaccine doses and treatments.
Instead, diagnostics and vaccines should be shared and targeted to where they
are most needed.

In an interview with US National Public Radio earlier this month, Atul Gawande,
the official responsible for global health at the US Agency for International
Development (USAID) in Washington DC, said that the lowest—income countries
tend to be the last to get vaccines. This is an important acknowledgement

coming from a senior official at USAID, a major source of vaccines and
treatments. There is little doubt that the world’ s poorest and most vulnerable
were failed during the response to COVID—19. Vaccines that offer protection
against monkeypox exist and they need to be used for the benefit of all.
Wealthy countries must not make the same mistake twice.
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