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Understanding why superspreading drives the COVID-19
pandemic but not the HIN1 pandemic

Two epidemiological parameters often characterise
the transmissibility of infectious diseases: the
basic reproductive number (R)) and the dispersion
parameter (k). R, describes, on average, how many
individuals in a susceptible population will be infected
by someone with that disease, and k details the variation
in individual infectiousness. The smaller the k value,
the greater the variation. That is, fewer cases cause
the majority of infections, and a greater proportion
of infections tend to be linked to large clusters via
superspreading events. This phenomenon, called over-
dispersion in transmissibility, has been found in many
infectious diseases, yet the factors that mediate it
remain poorly understood."

During the COVID-19 pandemic, transmission of SARS-
CoV-2 has been highly overdispersed, as 60-75% of cases
infect no one and, propelled by superspreading events,
10-20% of cases cause 80% of secondary infections.** By
contrast, the most recent pandemic, HIN1 in 2009, had
more uniform transmission of influenza A/HIN1pdmO09
and few instances of superspreading.® Both SARS-
CoV-2 and A/HIN1pdmO09 distributed globally over
long periods of time, and they have similar modes of
transmission (aerosols, contact, and droplets) and
asymptomatic spread,®® which prompts the question:
why is there broad overdispersion in SARS-CoV-2
transmissibility during the COVID-19 pandemic but
not in A/HIN1pdmO09 transmissibility during the 2009
H1N1 pandemic?

Generally, k remains similar across distinct outbreaks
of a virus." Studies have documented this for SARS-
CoV-2, including across disparate geographical
locations with varying population demographics and
behavioural norms, over different seasons, and under
various public health interventions, such as during and
outside lockdown.” The emerging betacoronaviruses,
SARS-CoV-2, SARS-CoV (the aetiological agent
of SARS), and Middle East respiratory syndrome
coronavirus (MERS-CoV), show overdispersion, whereas
common cold betacoronaviruses appear to have more
homogeneous profiles.*® Conversely, both seasonal and
pandemic strains of influenza have transmitted with
relatively uniform patterns over the years.> Children
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and adolescents contribute more to the transmission
of common cold betacoronaviruses and influenza than
they do to the emerging betacoronaviruses. However,
despite the association of young age with high contact
patterns and susceptibility to influenza and common
cold betacoronaviruses,*® these viruses are infrequently
involved in superspreading events.
Cumulatively, these observations suggest that
behavioural, interventional, general demographic,
seasonal, and other environmental factors might
affect transmissibility but are not the key determinants
of overdispersion for directly transmitted viruses.
They suggest instead that k, at least in part, is an
intrinsic characteristic of these viruses and, as obligate
intracellular parasites, their host interactions. That is,
poorly ventilated, crowded spaces with susceptible
individuals facilitate superspreading, but whether a
virus tends to transmit via large clusters in the first place
seems to be intrinsic to that viral infection. Thus, the
previous question can be reframed: which virological
factors mediate k?

This is a long-standing question in infectious
disease epidemiology, and recent work has begun to
delve into the topic. For SARS-CoV-2, SARS-CoV, and
A/H1IN1pdmO9, greater case variability in respiratory
viral load during their infectious periods is associated
with overdispersion.” Moreover, models of expelling
viable virus via respiratory droplets and aerosols concur
with the observed transmission patterns: inherently,
most COVID-19 cases are minimally infectious, but
highly infectious individuals are estimated to expel
hundreds to thousands of virions per minute while
talking, singing, or coughing. Meanwhile, a greater
proportion of people infected with A/HIN1pdmO9 are
inherently infectious but expel virions at low rates.™

The mechanistic basis of these determinants of
overdispersion is a promising area of study. For
example, intrinsic case heterogeneity in shedding
could arise from individual differences in susceptibility,
previous exposures, immunity, or viral host factors,**
or could be related to phenomena associated with
recent zoonotic spillover. In the event that common
molecular mechanisms are indicated with k,** they could
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guide the rational design of host-directed therapies
that reduce the incidence of superspreading for those
virus classes. As these drugs act on host pathways, they
can be evaluated beforehand for safety and then tested
for efficacy in the early stages of a novel outbreak.
Furthermore, many factors relevant to individual
infectiousness, including how case characteristics affect
the viability of the shed virus and the distributions of
expelled respiratory particles, remain unclear. How
behaviour, environment, host, and virus interplay
to affect transmission modes or infection risk is also
unclear. As seen over the past year,®" cross-disciplinary
interaction among researchers is needed to best
understand these myriad matters.

Research into this nascent topic uncovers
epidemiologically relevant biological insight and might
provide key considerations for public health. When k
is small, few cases transmit but are more likely to be
superspreaders, meaning epidemics are infrequent
but explosive. Overdispersion increases the likelihood
of disease extinction when case numbers are low,
and control measures targeting high-risk settings or
individuals disproportionally curb transmission.”™ These
measures can be particularly effective when implemented
early in an overdispersed outbreak, as reflected in areas
that have eliminated COVID-19, but have diminished
effects on outbreaks with more uniform transmission.
Currently, however, there is no way to predict the
transmission patterns of novel viruses. Contact-
tracing studies empirically characterise k** meaning
considerable spread must have already occurred before
its estimation. Broadly understanding the factors that
mediate overdispersion, from virological to clinical and
environmental, might provide early, predictive correlates
for transmission patterns—including superspreading—
before widespread infection by novel viruses. In this
case, a playbook of control strategies, each specified
by transmission patterns, can be developed to then
specifically address outbreaks.

DNF reports serving on advisory boards of Segirus, Sanofi Pasteur, Pfizer,

and AstraZeneca, and consulting for the Ontario Nurses Association, Elementary
Teachers’ Federation of Ontario, JP Morgan-Chase, WE Foundation, and Farallon
Capital, outside the submitted work. FXG is supported by the Natural Sciences and
Engineering Research Council of Canada and Toronto COVID-19 Action Fund. All
other authors declare no competing interests.

Paul Z Chen, Marion Koopmans, David N Fisman, *Frank X Gu
f.gu@utoronto.ca

Department of Chemical Engineering and Applied Chemistry (PZC, FXG), Division
of Epidemiology, Dalla Lana School of Public Health (DNF), and Institute of
Biomedical Engineering (FXG), University of Toronto, Toronto, ON, Canada;
Department of Viroscience, Erasmus University Medical Center, Rotterdam,
Netherlands (MK)

1 Uoyd-Smith JO, Schreiber SJ, Kopp PE, Getz WM. Superspreading and the
effect of individual variation on disease emergence. Nature 2005;
438:355-59.

2 SunK,WangW, Gao L, et al. Transmission heterogeneities, kinetics,
and controllability of SARS-CoV-2. Science 2021; 371: eabe2424.

3 Lau MSY, Grenfell B, Thomas M, Bryan M, Nelson K, Lopman B. Characterizing
superspreading events and age-specific infectiousness of SARS-CoV-2
transmission in Georgia, USA. Proc Natl Acad Sci USA 2020; 117: 22430-35.

4 Hasan A, Susanto H, Kasim MF, et al. Superspreading in early transmissions of
COVID-19 in Indonesia. Sci Rep 2020; 10: 22386.

5 Brugger), Althaus CL. Transmission of and susceptibility to seasonal influenza
in Switzerland from 2003 to 2015. Epidemics 2020; 30: 100373.

6  GreenhalghT, Jimenez L, Prather KA, Tufekci Z, Fisman D, Schooley R.

Ten scientific reasons in support of airborne transmission of SARS-CoV-2.
Lancet 2021; 397: 1603-05.

7 Cowling BJ, Ip DK, Fang VJ, et al. Aerosol transmission is an important mode
of influenza A virus spread. Nat Commun 2013; 4: 1935.

8 Ip DK, Lau LL, Leung NH, et al. Viral shedding and transmission potential of
asymptomatic and paucisymptomatic influenza virus infections in the
community. Clin Infect Dis 2017; 64: 736-42.

9 Zhang SF, TuoJL, Huang XB, et al. Epidemiology characteristics of human
coronaviruses in patients with respiratory infection symptoms and
phylogenetic analysis of HCoV-0C43 during 2010-2015 in Guangzhou.

PLoS One 2018; 13: e0191789.

10  ZhuY, Chew KY, Karawita AC, et al. Pediatric nasal epithelial cells are less
permissive to SARS-CoV-2 replication compared to adult cells. bioRxiv 2021;
published online March 8. https://doi.org/10.1101/2021.03.08.434300
(preprint).

11 Chen PZ, Bobrovitz N, Premji Z, Koopmans M, Fisman DN, Gu FX.
Heterogeneity in transmissibility and shedding SARS-CoV-2 via droplets and
aerosols. elLife 2021; 10: e65774.

12 Westerhuis BM, Aguilar-Bretones M, Raadsen MP, et al. Severe COVID-19
patients display a back boost of seasonal coronavirus-specific antibodies.
medRxiv 2020; published online Oct 12. https://doi.org/10.1101/
2020.10.10.20210070 (preprint).

13 YanB, Freiwald T, Chauss D, et al. SARS-CoV-2 drives JAK1/2-dependent local
complement hyperactivation. SciImmunol 2021; 6: eabg0833.

14 WangR, Simoneau CR, Kulsuptrakul J, et al. Genetic screens identify host
factors for SARS-CoV-2 and common cold coronaviruses. Cell 2020;
184:106-19.e14.

15 Endo A, Centre for the Mathematical Modelling of Infectious Diseases C-WG,
Leclerc QJ, et al. Implication of backward contact tracing in the presence of
overdispersed transmission in COVID-19 outbreaks. Wellcome Open Res 2021;
5:239.

Lessons about COVID-19 vaccine hesitancy among minority

ethnic people in the UK

According to data collected by Public Health England,
in the UK, minority ethnic groups were between two
and four times more likely to die due to COVID-19

compared with those from a White ethnic background.*
These outcomes are independent of age, sex, or
socioeconomic factors. Moreover, at the start of the
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