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The smallpox formulation—400 g of 

which was exploded on the island—“got 

her” and she became infected
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Airborne transmitted pathogens
Controversial patient-patient airborne transmission
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Covering your cough should be 

reasonably effective since infectious 

droplets forcefully expelled from the 

mouth have not yet evaporated to 

smaller airborne droplet nuclei and 

should stick to an obstructing surface, 

such as the hand, on impact

Jennison M et al. Aerobiology. 1942;17:106-128

Riley RL et al. Airborne infection. Am J Med. 1974;57:466-475
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Eer je iets heel dwingends gaat

opleggen, zou je eerst zeker willen zijn

dat er geen mogelijke schade kan zijn

door maskers te dragen. Die zekerheid

is er ook niet. Het is bijvoorbeeld

mogelijk dat, bij onoordeelkundig op-

en afzetten, het risico groter is om 

jezelf of anderen te besmetten. 



Tang JW et al. J R Soc Interface. 2009;6 Suppl 6:S727-736.



#1 Inertia



56% (95% CI: 33-71%) reduction in 

infectious aerosol production, as measured 

by fewer guinea pigs becoming infected, 

when TB patients wore surgical masks

2012



Masks prevented the release of 64% of 

Influenza virus in aerosol particles smaller 

than 5 micron 

95% CI 33% to 81%



Vanden Driessche K, Marais BJ, Wattenberg M, Magis-Escurra C, 

Reijers M, Tuinman IL, Boeree MJ, van Soolingen D, de Groot R, Cotton MF. Int J Tuberc Lung Dis. 2013;17:46-53
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Table 2: Pilot data from the Cough Cylinder 
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The effect of surgical masks on airborne spread of 

Pseudomonas aeruginosa in colonized patients with CF

Koen Vanden Driessche, Niel Hens, Peter Tilley, Bradley S. Quon, Mark A. Chilvers, Ronald de Groot, Mark F. Cotton, Ben J. 

Marais, David P. Speert, James E. A. Zlosnik. The American Journal of Respiratory and critical Care Medicine. 2015 Oct 1
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Effect of surgical masks on the airborne Ps. aeruginosa load from coughing 
people with cystic fibrosis 
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control mask 

Results

• Wearing a surgical mask reduced the 

airborne P. aeruginosa load by an average 

of 88% (95% CI 81-96%) 

The effect of surgical masks on airborne spread of Pseudomonas 

aeruginosa in colonized patients with CF
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ADVERTISEMENT

The finding upends conventional wisdom regarding coughing,

long thought to be the main route of transmission.

By Apoorva Mandavilli

Oct. 19, 2021

Upending centur ies of medical dogma, a team of South Afr ican

researchers has found that breathing may be a bigger contr ibutor

to the spread of tuberculosis than coughing, the signature

symptom.

As much as 90 percent of TB bacter ia r eleased from an infected

person may be carr ied in tiny droplets, called aerosols, that are

expelled when a per son exhales deeply, the researchers estimated.

The findings were presented on Tuesday at a scientific conference

held online.

The report echoes an important finding of the Covid pandemic:

The coronavirus, too, spreads in aerosols carr ied aloft, particular ly

in indoor spaces — a r oute of transmission that was widely

underappreciated as the pandemic began to unfold.

TB is caused by a bacter ium called Mycobacter ium tuberculosis,

which usual ly attacks the lungs. I t is the world’s deadliest

infectious disease after Covid-19, claiming more than 1.5 million

lives last year — the first increase in a decade, according to a

report published last week by the World Health Organization.

ADVERTISEMENT

As the Covid pandemic disrupted access to health care and supply

chains around the globe, 5.8 mil lion people were diagnosed with TB

in 2020. But the W.H.O. estimates that about 10 mil lion people were

infected. Many may unwittingly be spreading the disease to other s.

“Our model would suggest that, actual ly, aerosol generation and

TB generation can happen independent of symptoms,” said Ryan

Dinkele, a graduate student at the University of Cape Town who

presented the results.

Thanks for reading The Times.

Subscribe to The Times

The finding helps explain why tightly packed indoor spaces, like

pr isons, often are breeding grounds for TB, as they ar e for Covid.

And the research suggests that some of the methods used to limit

coronavirus transmission — masks, open windows or doors, and

being outdoors as much as possible — are important in curtailing

TB.

“ Those of us who are TB people look at Covid and say, ‘Wow, it’s

just a sped up version of TB,’” said Dr. Robert Horsburgh, an

epidemiologist at Boston University who was not involved in the

work.

Researchers previously believed that most TB transmission

occurred when an infected per son coughed, spraying droplets

containing the bacter ia into the air. Some bacter ia were thought to

be released when a per son breathed, but much less than by

coughing.

ADVERTISEMENT

The new finding does not change that under standing:  A single

cough can expel more bacter ia than a single br eath. But if an

infected person breathes 22,000 times per day while coughing up to

500 times, then coughing accounts for as lit tle as 7 percent of the

total bacter ia emit ted by an infected patient, M r. Dinkele said.

On a crowded bus or at school or work, where people sit in conf ined

spaces for hours, “ just simply breathing would contr ibute more

infectious aerosols than coughing would,” Mr. Dinkele said.

In so-called tidal breathing, inhalation opens up tiny air  sacs in the

lungs, and then exhalation carr ies the bacter ia fr om the lungs via

aerosols. Because of their  smal ler size, aerosols released by tidal

breathing can stay afloat in the air  for longer and tr avel further

than droplets emitted by a cough.

As with Covid, some TB patients spr ead the disease to many

people — and may release a lot of bacter ia — while other s infect

few people around them. But even if 90 percent of the bacter ia

expelled by an infected per son were carr ied in aerosols, this route

of transmission wouldn’t necessarily account for 90 percent of new

cases, cautioned Dr. Silvia S. Chiang, who studies the disease at

Brown University.

Stil l, experts said, the f inding does suggest that physicians

shouldn’t wait for TB patients to arr i ve at clinics with a severe

cough and weight loss, the tel ltale symptoms.

“ We just need to scr een the entire population, just like you would

do if you’re looking for a lot of Covid,” Dr. Horsburgh said.

The discovery came about in large part because of technology

developed by Dr. Robin Wood, an emeritus pr ofessor of medicine at

the University of Cape Town in South Afr ica. The apparatus can

collect aerosols from infected people and identify bacter ia within

them.

ADVERTISEMENT

Diagnosis and treatment of TB has changed v ery little in decades.

“ I t was time to start using modern, state-of-the-art technology to

approach an old disease,” Dr. Wood said. With some tweaks, the

system could also be used to study other diseases, including Co vid,

he added.

TB has been around for mil lenniums, and its cause known for

nearly 150 years.

“And yet, we’re stil l finding out new things about such a

fundamental part of its biology,” Mr. Dinkele said. “ I t’s humbling to

realize that we need to be so careful when it comes to a dogmatic

approach in a field.”

ADVERTISEMENT

Tuberculosis, Like Covid, Spreads by
Breathing, Scientists Report

A patient with tuber culosis receiving treatment at Sizwe Hospital in Johannesburg in

2019. Joao Silva/ The New York Times

HEALTH SUBSCRIBE FOR €0.50/ WEEK LOG IN
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Morawska L et al. 

Journal of Aerosol Science. 2009

10 seconds saying “Aa” produced the 

same number of 0,3-20 micrometer 

particles as coughing for 10 seconds

These aerosols produced when talking 

originate from saliva being aerosolized 

by trembling of the vocal cords

Saliva contains enormous quantities of 

SARS-CoV-2

To KK et al. 

Clin Infect Dis. 2020 

Talking produces 10X more 

microdroplets compared to breathing, 

and talking with a loud voice and 

singing produces up to  50X more 

compared to talking with a quiet voice

Loudon RG et al. 

Am Rev Respir Dis. 1968



10 seconden « aa » zeggen = 

evenveel microdruppels als 10 

seconden hoesten



One

0 5 10 15 20 25

Ambulatory cases and hospitalized patients not
requiring oxygen therapy

Hospitalized requiring oxygen therapy

Number of COVID-19 patients

Infected by somebody who coughed Infected by somebody who did not cough

Vanden Driessche K, Nestele J, Grouwels J, Duval E. 

Journal of Breath Research. Published online August 2020 and as a pre-print on medRxiv. 2020 June 4 .
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G Buonanno, A Robotto, E Brizio, L Morawska, et al. J Hazard Mater. 2022 Apr 15



G Buonanno, A Robotto, E Brizio, L Morawska, et al. J Hazard Mater. 2022 Apr 15



Cappa CD, Asadi S, Barreda S, Wexler AS, Bouvier NM, Ristenpart WD. Sci Rep. 2021 Jun 8;11(1):12110



#1 Inertia #2 F=m.a
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just a sped up version of TB,’” said Dr. Robert Horsburgh, an

epidemiologist at Boston University who was not involved in the

work.
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500 times, then coughing accounts for as lit tle as 7 percent of the

total bacter ia emit ted by an infected patient, M r. Dinkele said.
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aerosols. Because of their  smal ler size, aerosols released by tidal
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people — and may release a lot of bacter ia — while other s infect

few people around them. But even if 90 percent of the bacter ia

expelled by an infected per son were carr ied in aerosols, this route

of transmission wouldn’t necessarily account for 90 percent of new

cases, cautioned Dr. Silvia S. Chiang, who studies the disease at

Brown University.

Still, experts said, the f inding does suggest that physicians

shouldn’t wait for TB patients to arr i ve at clinics with a severe

cough and weight loss, the tel ltale symptoms.

“ We just need to screen the entire population, just like you would

do if you’re looking for a lot of Covid,” Dr. Horsburgh said.
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the University of Cape Town in South Afr ica. The apparatus can
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Diagnosis and treatment of TB has changed very little in decades.

“ I t was time to start using modern, state-of-the-art technology to

approach an old disease,” Dr. Wood said. With some tweaks, the

system could also be used to study other diseases, including Co vid,

he added.

TB has been around for mil lenniums, and its cause known for

nearly 150 years.

“And yet, we’re stil l finding out new things about such a

fundamental part of its biology,” Mr. Dinkele said. “ I t’s humbling to

realize that we need to be so careful when it comes to a dogmatic

approach in a field.”
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in indoor spaces — a r oute of transmission that was widely

underappreciated as the pandemic began to unfold.

TB is caused by a bacter ium called Mycobacter ium tuberculosis,

which usual ly attacks the lungs. I t is the world’s deadliest

infectious disease after Covid-19, claiming more than 1.5 million

lives last year — the first increase in a decade, according to a

report published last week by the World Health Organization.
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As the Covid pandemic disrupted access to health care and supply

chains around the globe, 5.8 mil lion people were diagnosed with TB

in 2020. But the W.H.O. estimates that about 10 mil lion people were

infected. Many may unwittingly be spreading the disease to other s.

“Our model would suggest that, actual ly, aerosol generation and

TB generation can happen independent of symptoms,” said Ryan

Dinkele, a graduate student at the University of Cape Town who

presented the results.
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The finding helps explain why tightly packed indoor spaces, like

pr isons, often are breeding grounds for TB, as they ar e for Covid.

And the research suggests that some of the methods used to limit

coronavirus transmission — masks, open windows or doors, and

being outdoors as much as possible — are important in curtailing

TB.

“ Those of us who are TB people look at Covid and say, ‘Wow, it’s

just a sped up version of TB,’” said Dr. Robert Horsburgh, an

epidemiologist at Boston University who was not involved in the

work.

Researchers previously believed that most TB transmission

occurred when an infected per son coughed, spraying droplets

containing the bacter ia into the air. Some bacter ia were thought to

be released when a per son breathed, but much less than by

coughing.
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The new finding does not change that under standing:  A single

cough can expel more bacter ia than a single br eath. But if an

infected person breathes 22,000 times per day while coughing up to

500 times, then coughing accounts for as lit tle as 7 percent of the

total bacter ia emit ted by an infected patient, M r. Dinkele said.

On a crowded bus or at school or work, where people sit in conf ined

spaces for hours, “ just simply breathing would contr ibute more

infectious aerosols than coughing would,” Mr. Dinkele said.

In so-called tidal breathing, inhalation opens up tiny air  sacs in the

lungs, and then exhalation carr ies the bacter ia fr om the lungs via

aerosols. Because of their  smal ler size, aerosols released by tidal

breathing can stay afloat in the air  for longer and tr avel further

than droplets emitted by a cough.

As with Covid, some TB patients spr ead the disease to many

people — and may release a lot of bacter ia — while other s infect

few people around them. But even if 90 percent of the bacter ia

expelled by an infected per son were carr ied in aerosols, this route

of transmission wouldn’t necessarily account for 90 percent of new

cases, cautioned Dr. Silvia S. Chiang, who studies the disease at

Brown University.

Still, experts said, the f inding does suggest that physicians

shouldn’t wait for TB patients to arr i ve at clinics with a severe

cough and weight loss, the tel ltale symptoms.

“ We just need to screen the entire population, just like you would

do if you’re looking for a lot of Covid,” Dr. Horsburgh said.

The discovery came about in large part because of technology

developed by Dr. Robin Wood, an emeritus professor of medicine at

the University of Cape Town in South Afr ica. The apparatus can

collect aerosols from infected people and identify bacter ia within

them.
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Diagnosis and treatment of TB has changed very little in decades.

“ I t was time to start using modern, state-of-the-art technology to

approach an old disease,” Dr. Wood said. With some tweaks, the

system could also be used to study other diseases, including Co vid,

he added.

TB has been around for mil lenniums, and its cause known for

nearly 150 years.

“And yet, we’re stil l finding out new things about such a

fundamental part of its biology,” Mr. Dinkele said. “ I t’s humbling to

realize that we need to be so careful when it comes to a dogmatic

approach in a field.”
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Tuberculosis, Like Covid, Spreads by
Breathing, Scientists Report

A patient with tuber culosis receiving treatment at Sizwe Hospital in Johannesburg in

2019. Joao Silva/ The New York Times
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Breathing: patients were asked to hold their 

coughs or alternatively cough in a paper 

tissue

natural coughing: spontaneous forced coughing: as much as comfortable with

Average 
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count 
(positives only)

3 14 62
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Take home message

Maskers zijn vervelend



Take home message
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