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Highly repeatable patterns from 
diary studies suggest that this is 
unlikely in normal circumstances

https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.0050074

https://dash.harvard.edu/handle/1/42639493


Age and COVID-19

Why are there so few cases in children? To 
become a case requires: 


1) contact with an infected person


2) susceptibility to infection


3) symptoms given infection


4) transmissibility of contact


https://dash.harvard.edu/handle/1/42639493

Are contacts more frequent 
among adults than children? 

age

A0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

Ag
e 

of
 c

on
ta

ct

0

2

4

6

8

10+

Regular day

W
uh

an

A

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

0

2

4

6

8

10+

OutbreakB

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

−2
0
2
4
6
8
10+

DifferenceC

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

Age of participant
Ag

e 
of

 c
on

ta
ct

0

2

4

6

8

10+

Sh
an

gh
ai

D

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

Age of participant

0

2

4

6

8

10+

E

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

Age of participant

−2
0
2
4
6
8
10+

F

All rights reserved. No reuse allowed without permission. 
the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

 The copyright holder for this preprint (which was not peer-reviewed) is.https://doi.org/10.1101/2020.03.19.20039107doi: medRxiv preprint 

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

Ag
e 

of
 c

on
ta

ct

0

2

4

6

8

10+

Regular day

W
uh

an

A

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

0

2

4

6

8

10+

OutbreakB

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

−2
0
2
4
6
8
10+

DifferenceC

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

Age of participant

Ag
e 

of
 c

on
ta

ct
0

2

4

6

8

10+

Sh
an

gh
ai

D

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

Age of participant

0

2

4

6

8

10+

E

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

Age of participant

−2
0
2
4
6
8
10+

F

All rights reserved. No reuse allowed without permission. 
the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

 The copyright holder for this preprint (which was not peer-reviewed) is.https://doi.org/10.1101/2020.03.19.20039107doi: medRxiv preprint 

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

Ag
e 

of
 c

on
ta

ct

0

2

4

6

8

10+

Regular day

W
uh

an

A

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

0

2

4

6

8

10+

OutbreakB

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

−2
0
2
4
6
8
10+

DifferenceC

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

Age of participant

Ag
e 

of
 c

on
ta

ct

0

2

4

6

8

10+

Sh
an

gh
ai

D

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

Age of participant

0

2

4

6

8

10+

E

0
5

10
15
20
25
30
35
40
45
50
55
60

65+

0 5 10 15 20 25 30 35 40 45 50 55 60 65
+

Age of participant

−2
0
2
4
6
8
10+

F

All rights reserved. No reuse allowed without permission. 
the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

 The copyright holder for this preprint (which was not peer-reviewed) is.https://doi.org/10.1101/2020.03.19.20039107doi: medRxiv preprint 

Diary studies in Wuhan
Striking reduction of contact among children 

during the outbreak

https://science.sciencemag.org/content/early/2020/04/28/science.abb8001?rss=1
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Diary studies in Wuhan

Not normally, but weird changes in 
contact patterns during the pandemic 

might alter this.

Striking reduction of contact among children 
during the outbreak

https://science.sciencemag.org/content/early/2020/04/28/science.abb8001?rss=1
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Iceland:  children  
seem to get 
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https://www.nejm.org/doi/full/10.1056/NEJMoa2006100
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But is it just contact? Genetics indicates lots of 
viral importation - perhaps cases are mostly 

travellers with less contact with children?

https://www.nejm.org/doi/full/10.1056/NEJMoa2006100

Iceland:  children  
seem to get 
infected less. 

Are children less 
susceptible to infection? 
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Why are there so few cases in children? To 
become a case requires: 


1) contact with an infected person


2) susceptibility to infection


3) symptoms given infection


4) transmissibility of contact


https://dash.harvard.edu/handle/1/42639493 https://www.thelancet.com/pdfs/journals/laninf/PIIS1473-3099(20)30371-6.pdf

UK: children also  
seem to get infected 
less. 

Are children less 
susceptible to infection? 
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4) transmissibility of contact


https://dash.harvard.edu/handle/1/42639493 https://www.medrxiv.org/content/10.1101/2020.05.02.20088898v1.full.pdf

Geneva:  children’s  
risk similar? (schools 
closed, so probably ~ 
contact)

Are children less 
susceptible to infection? 
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Why are there so few cases in children? To 
become a case requires: 


1) contact with an infected person


2) susceptibility to infection


3) symptoms given infection


4) transmissibility of contact
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Contact tracing data

Estimates from Shenzhen: No

“children were as likely to be infected as adults 
(infection rate 7·4% in children <10 years vs 
population average of 6·6%).”. 

Are children less 
susceptible to infection? 

https://dash.harvard.edu/handle/1/42639493
https://www.medrxiv.org/content/10.1101/2020.03.18.20037101v1.full.pdf
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Why are there so few cases in children? To 
become a case requires: 


1) contact with an infected person


2) susceptibility to infection


3) symptoms given infection


4) transmissibility of contact


https://dash.harvard.edu/handle/1/42639493  https://science.sciencemag.org/content/early/2020/04/28/science.abb8001?rss=1

Estimates from Wuhan: Yes

“We find that children 0-14 years are less susceptible to 
SARS-CoV-2 infection than adults 15-64 years of age 
(odd ratio 0.34, 95%CI 0.24-0.49), while in contrast, 
individuals over 65 years are more susceptible to 
infection (odd ratio 1.47, 95%CI: 1.12-1.92). 

Contact tracing data

Are children less 
susceptible to infection? 

https://dash.harvard.edu/handle/1/42639493
https://www.medrxiv.org/content/10.1101/2020.03.18.20037101v1.full.pdf
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Why are there so few cases in children? To 
become a case requires: 


1) contact with an infected person


2) susceptibility to infection


3) symptoms given infection


4) transmissibility of contact


https://dash.harvard.edu/handle/1/42639493  https://www.medrxiv.org/content/10.1101/2020.03.09.20033142v1.full.pdf

Estimates from Japan: Yes

Contact tracing data

Are children less 
susceptible to infection? 

https://dash.harvard.edu/handle/1/42639493
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Age and COVID-19

Why are there so few cases in children? To 
become a case requires: 


1) contact with an infected person


2) susceptibility to infection


3) symptoms given infection


4) transmissibility of contact


https://dash.harvard.edu/handle/1/42639493  

Estimates from Holland: Yes?

Contact tracing data

https://www.rivm.nl/en/novel-coronavirus-covid-19/children-and-covid-19

Are children less 
susceptible to infection? 

https://dash.harvard.edu/handle/1/42639493
https://www.medrxiv.org/content/10.1101/2020.03.18.20037101v1.full.pdf


Age and COVID-19

Why are there so few cases in children? To 
become a case requires: 


1) contact with an infected person


2) susceptibility to infection


3) symptoms given infection


4) transmissibility of contact


https://dash.harvard.edu/handle/1/42639493  

Estimates from Holland: Yes?

Contact tracing data
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Children more rarely a 
source of infection
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Estimates from Holland: Yes?

Contact tracing data

https://www.rivm.nl/en/novel-coronavirus-covid-19/children-and-covid-19

Children more 
rarely infected

Children more rarely a 
source of infection

But contact has 
also changed! 
(schools closed)

Are children less 
susceptible to infection? 

https://dash.harvard.edu/handle/1/42639493
https://www.medrxiv.org/content/10.1101/2020.03.18.20037101v1.full.pdf
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become a case requires: 


1) contact with an infected person


2) susceptibility to infection


3) symptoms given infection


4) transmissibility of contact


https://dash.harvard.edu/handle/1/42639493  

Estimates from Holland: Yes?

https://www.rivm.nl/en/novel-coronavirus-covid-19/children-and-covid-19

Children also seem to show 
less signs of having being 
infected (seropositivity lower)

Are children less 
susceptible to infection? 

https://dash.harvard.edu/handle/1/42639493
https://www.medrxiv.org/content/10.1101/2020.03.18.20037101v1.full.pdf
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Why are there so few cases in children? To 
become a case requires: 


1) contact with an infected person


2) susceptibility to infection


3) symptoms given infection


4) transmissibility of contact


https://dash.harvard.edu/handle/1/42639493 https://www.medrxiv.org/content/10.1101/2020.03.18.20037101v1.full.pdf

If yes, mechanism? cross protection 
from other coronaviruses? 

Are children less 
susceptible to infection? 
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If yes, mechanism? cross protection 
from other coronaviruses? 

Scottish data: non overlap also observed over age

(Many others exemplars too)

When   big,   is 
small, suggests 
cross protection

Are children less 
susceptible to infection? 
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Why are there so few cases in children? To 
become a case requires: 


1) contact with an infected person


2) susceptibility to infection


3) symptoms given infection


4) transmissibility of contact


https://dash.harvard.edu/handle/1/42639493

Are children less prone to 
symptoms on infection? 
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Children lacking from clinical registries; 
yet at least some evidence of infection. 

Are children less prone to 
symptoms on infection? 
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Model based estimates of 
IFR from integrating data 
from Hubei, Italy, etc. 
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Recent evidence in Europe / the US of a 
multi-system inflammatory condition with 
some features similar to those of Kawasaki 
disease and toxic shock syndrome.

https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
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Do older individuals transmit more, 
skewing onward transmission to their 
older contacts?
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Figure 2. (A) Impact of reducing contacts between 20+ year olds with no school closure. Top line shows 
age-stratified final cumulative incidence assuming POLYMOD mixing as in Figure 1. Each subsequent 
colored line shows the final size incidence by age if an increasing proportion (0.05 increments) of 
contacts made between 20+ year olds are removed. (B) Same as (A), but with all contacts made in 
school removed. When children are involved in transmission, fewer adult-adult transmission pairs must be 
removed in addition to school closure to achieve marked reductions in the proportion infected. (C) Same 
as (A), but assuming that transmissibility is low in children and increases into older age classes, as in 
Figure 1E. (D) Same as (C), but with all contacts made in school removed. When transmissibility is largely 
driven by older age groups, significant reductions in contacts made between 20+ year olds are required to 
reduce incidence. (E) Relative contribution of age-specific transmission pairs assuming POLYMOD 
contact mixing and no age-dependent transmissibility. Alluvial plot shows the relative contribution of each 

raw POLYMOD data, 
Mossong et al. 2009

assume transmissibility 
higher in older ages

relative contribution of age specific transmission pairs

Do older individuals transmit more, 
skewing onward transmission to their 
older contacts?

https://dash.harvard.edu/handle/1/42639493
https://www.medrxiv.org/content/10.1101/2020.03.18.20037101v1.full.pdf
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become a case requires: 


1) contact with an infected person


2) susceptibility to infection


3) symptoms given infection


4) transmissibility of contact


https://dash.harvard.edu/handle/1/42639493  

“The fact that an infected child did not transmit 
the disease despite close interactions within 
schools suggests potential different 
transmission dynamics in children.”

Do younger individuals transmit less?

Cluster of cases in the Swiss Alps

https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa424/5819060

Do older individuals transmit more, 
skewing onward transmission to their 
older contacts?

https://dash.harvard.edu/handle/1/42639493
https://www.medrxiv.org/content/10.1101/2020.03.18.20037101v1.full.pdf
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become a case requires: 


1) contact with an infected person


2) susceptibility to infection


3) symptoms given infection


4) transmissibility of contact


https://dash.harvard.edu/handle/1/42639493  

“We showed that of the 31 recorded SARS-
CoV-2 household transmission clusters 
there were only three incidences of children 
being identified as the index case in the family.”

Do younger individuals transmit less?

Children less likely to be index case in households

https://www.medrxiv.org/content/10.1101/2020.03.26.20044826v1.full.pdf+html

Do older individuals transmit more, 
skewing onward transmission to their 
older contacts?

https://dash.harvard.edu/handle/1/42639493
https://www.medrxiv.org/content/10.1101/2020.03.18.20037101v1.full.pdf


Age and COVID-19

Why are there so few cases in children? To 
become a case requires: 


1) contact with an infected person


2) susceptibility to infection


3) symptoms given infection


4) transmissibility of contact


  

Or are the they the same? 

Yet, children have similar viral loads - so 
why not similar transmission? 

https://zoonosen.charite.de/fileadmin/user_upload/microsites/m_cc05/virologie-ccm/dateien_upload/Weitere_Dateien/analysis-of-SARS-CoV-2-viral-load-by-patient-age.pdf

Do older individuals transmit more, 
skewing onward transmission to their 
older contacts?

https://dash.harvard.edu/handle/1/42639493
https://www.medrxiv.org/content/10.1101/2020.03.18.20037101v1.full.pdf
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Why are there so few cases in children? To 
become a case requires: 


1) contact with an infected person


2) susceptibility to infection


3) symptoms given infection


4) transmissibility of contact


  

Or are the they the same? 

Yet, children have similar viral loads - so 
why not similar transmission? 

https://zoonosen.charite.de/fileadmin/user_upload/microsites/m_cc05/virologie-ccm/dateien_upload/Weitere_Dateien/analysis-of-SARS-CoV-2-viral-load-by-patient-age.pdf

These data are from symptomatic children - 
may not be true of asymptomatic children. 

Do older individuals transmit more, 
skewing onward transmission to their 
older contacts?

https://dash.harvard.edu/handle/1/42639493
https://www.medrxiv.org/content/10.1101/2020.03.18.20037101v1.full.pdf
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The   COVID-19   pandemic   has   shown   a   markedly   low   proportion   of   cases   among  

children.   Age   disparities   in   observed   cases   could   be   explained   by   assortative   mixing  

patterns   and   reactive   school   closures   which   decrease   mixing   between   children,   or   by  

children   exhibiting   lower   susceptibility   to   infection,   or   by   children   having   a   lower  

propensity   to   show   clinical   symptoms.   We   formally   test   these   hypotheses   by   fitting   an  

age-structured   mathematical   model   to   epidemic   data   from   six   countries,   finding  
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is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

(which was not peer-reviewed) The copyright holder for this preprint .https://doi.org/10.1101/2020.03.24.20043018doi: medRxiv preprint 

Model fitting to test three hypotheses: 

(1) age contact; (2) age susceptibility; (3) age symptoms


Found (2) & (3) better than (1); and (3) better than (2) overall, 
with key distinction being # subclinical infections that occur in 

adults (many more required for (2)). 

https://www.medrxiv.org/content/10.1101/2020.03.24.20043018v1

A formal test: age and COVID-19
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Discrimination between (2) and (3) hinges on late 
age subclinical infections being very high in (2) - 

little evidence to say this isn’t the case, yet? 



/

 

Age-dependent   effects   in   the   transmission   and   control   of  
COVID-19   epidemics  
 

Authors:   Nicholas   G.   Davies 1* ,   Petra   Klepac 1^ ,   Yang   Liu 1^ ,   Kiesha   Prem 1 ,   Mark   Jit 1 ,   CMMID  

COVID-19   working   group,   Rosalind   M   Eggo 1*  

 

The   CMMID   COVID-19   working   group 1    is:   Carl   A   B   Pearson,   Billy   J   Quilty,   Adam   J  

Kucharski,   Hamish   Gibbs,   Samuel   Clifford,   Amy   Gimma,   Kevin   van   Zandvoort,   James   D  

Munday,   Charlie   Diamond,   W   John   Edmunds,   Rein   MGJ   Houben,   Joel   Hellewell,   Timothy   W  

Russell,   Sam   Abbott,   Sebastian   Funk,   Nikos   I   Bosse,   Fiona   Sun,   Stefan   Flasche,   Alicia  

Rosello   &   Christopher   I   Jarvis.   Order   of   working   group   determined   at   random.  

 

1    Department   of   Infectious   Disease   Epidemiology,   London   School   of   Hygiene   &   Tropical  

Medicine,   Keppel   Street,   WC1E   7HT  

^   these   authors   contributed   equally  

*   correspondence   to   Rosalind   M   Eggo    r.eggo@lshtm.ac.uk    or   Nicholas   G   Davies  

nicholas.davies@lshtm.ac.uk  

 

 
 
The   COVID-19   pandemic   has   shown   a   markedly   low   proportion   of   cases   among  

children.   Age   disparities   in   observed   cases   could   be   explained   by   assortative   mixing  

patterns   and   reactive   school   closures   which   decrease   mixing   between   children,   or   by  

children   exhibiting   lower   susceptibility   to   infection,   or   by   children   having   a   lower  

propensity   to   show   clinical   symptoms.   We   formally   test   these   hypotheses   by   fitting   an  

age-structured   mathematical   model   to   epidemic   data   from   six   countries,   finding  

1  

 . CC-BY 4.0 International licenseIt is made available under a 
is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

(which was not peer-reviewed) The copyright holder for this preprint .https://doi.org/10.1101/2020.03.24.20043018doi: medRxiv preprint 

Model fitting to test three hypotheses: 

(1) age contact; (2) age susceptibility; (3) age symptoms


Found (2) & (3) better than (1); and (3) better than (2) overall, 
with key distinction being # subclinical infections that occur in 

adults (many more required for (2)). 

https://www.medrxiv.org/content/10.1101/2020.03.24.20043018v1

A formal test: age and COVID-19

?possibility of higher transmission from older 
individuals.





Not over-
dispersed

60% 
causes 
80%

Over-
dispersed

20% 
causes 
80%

100% of introductions cause 
onward transmission

40% of introductions cause 
onward transmission

https://hopkinsidd.github.io/nCoV-Sandbox/DispersionExploration.html

Transmissibility: ’Super-spreading events’?

Map observed (165 
introductions; 84 local cases) 


Re, # secondary cases per case


pr
op

or
tio

n 
in

fe
ct

in
g 

80
%



https://hopkinsidd.github.io/nCoV-Sandbox/DispersionExploration.html


Not over-
dispersed

60% 
causes 
80%

Over-
dispersed

20% 
causes 
80%

100% of introductions cause 
onward transmission

40% of introductions cause 
onward transmission

https://hopkinsidd.github.io/nCoV-Sandbox/DispersionExploration.html

Map observed (165 
introductions; 84 local cases) 


Re, # secondary cases per case


pr
op

or
tio

n 
in

fe
ct

in
g 

80
%



Superspreading events seem to be important, 
and thus far concentrated in adults

Transmissibility: ’Super-spreading events’?

https://hopkinsidd.github.io/nCoV-Sandbox/DispersionExploration.html




Age and COVID-19

Why are there so few cases in children? To 
become a case requires: 


1) contact with an infected person


2) susceptibility to infection


3) symptoms given infection


4) transmissibility of contact


Children: 

-may be less susceptible, 

-may be less prone to symptoms, 

-this may be associated with less 
transmission…  

…but hard to say still; and contacts are 
still in flux (school closures, etc).
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