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On March 11, the World Health Organization declared
corona virus disease 2019 (COVID-19) a pandemic,! indicat-
ing wide geographic spread of the infection and sustained
community transmission on several continents. While this
declaration is meant to sound the alarm for governments
around the world to take more aggressive action in their
preparedness plans and in their response to the epidemic,
the term is accompanied by global anxiety and a fear that,
at this stage, containment may not be possible. The delay
in declaring a pandemic may even exacerbate the fears that
authorities have lost control, and that mitigation is the only
way forward.2 About one month since this declaration,
close to two million confirmed cases are reported globally,
with several countries experiencing rapid epidemic spread
and a heavy morbidity and mortality toll. In this viewpoint,
we argue that even in settings with considerable community
transmission and where the epidemic has entered its expo-
nential growth phase, suppression of the epidemic should
still be possible, and should be the aim. In the ongoing
COVID-19 pandemic, the epidemic potential and associated
health, economic, and social impact are so tremendous that
suppression is an unavoidable option.

One of the most critical parameters in an emerging epi-
demic, the basic reproduction number R,, conveys insights
into this potential spread if the infection is left to take its
natural course. Rj is the number of secondary infections
generated by one case at the beginning of the epidemic. It
provides an indication of the intrinsic potential of an infec-
tious agent to spread in a population, since the fraction of
the population who would eventually be infected is roughly
given by 1-1/R (absence of interventions). For COVID-19,
R has been estimated at around 2.5,3-5 which indicates
that the infection could theoretically infect 60% of the pop-
ulation (and even higher in the first wave) - a disease bur-
den that the world cannot afford to carry. Here, we provide
a theoretical framework based on epidemiological evidence
and quantitative insights to inform intervention strategies
to control the epidemic, even at this stage where it has been
declared a pandemic.

Based on current understanding, we summarize in Table
1 key parameters that affect the spread of the infection as
well directions for their respective containment strategies.
Today, scaling up testing and moving towards mass test-

ing (rather than just testing individuals within narrow cri-
teria) is increasingly becoming a promising, if not indis-
pensable, intervention. Mass testing allows identification of
“hidden” new clusters, hence helping break chains of trans-
mission within a social network through isolation of iden-
tified cases and quarantine of their contacts. Awareness of
the existence of the infection in a specific social network
can also help “disrupt” network connections where the in-
fection is being transmitted. Additionally, targeted surveil-
lance testing of diverse social networks could be beneficial
to identify an outbreak in a given social network, possibly
at an early phase of infection transmission. Smart and tar-
geted aggressive testing appears to have been a major play-
er in South Korea’s success in containing their outbreak.
With over 500,000 tests performed to date, South Korea has
one of the highest per capita testing rates.® Innovative and
pragmatic testing strategies, such as safe and efficient “dri-
ve-through” testing stations have facilitated the conduct of
up to 20,000 tests per day and prevented economically and
socially disruptive mitigation strategies such as complete
lockdown.” With the recent development of rapid antigen
tests for COVID-19, mass testing will soon become more
feasible - pressure on national laboratories will be alleviat-
ed and testing capacity could be significantly expanded in
a short duration of time. While the success of mass test-
ing relies on rigorous follow-up with contact tracing that is
usually government-led, these efforts could be also initiated
by the community, with individuals who test positive refer-
ring their contacts for testing and self-quarantine. Such in-
dividual-initiated “contact tracing” could play an important
role in settings where the infection is spreading at a higher
rate than what government-led systems can cope with, such
as in the advanced exponential phase of epidemic growth
where provision of health care becomes the priority.

Mass testing followed by contact tracing is key in min-
imizing the effects of asymptomatic transmission. While
earlier reports based on the China data had indicated that
the fraction of asymptomatic positive cases who never de-
velop symptoms is limited (about 1%),8 recent evidence
from general population screening as well as preliminary
findings from the first sero-surveys?~12 suggest otherwise
- most infections may be asymptomatic or with symptoms
too mild to be recognized. Transmission before onset of
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Table 1. Key epidemiologic parameters in the transmission of COVID-19 and their respective

containment interventions.

Epidemiologic Containment interventions Responsibility Rg parameter affected”
parameter
Undocumented e Mass testing to identify new clusters fol- Government-facilitated, Duration of

transmission (q)

lowed by:

o Government-initiated contact trac-
ing, and isolation of cases and quaran-
tine of contacts

o Individual-initiated “contact tracing”,
and self-isolation of cases and self-
quarantine of contacts

o Targeted surveillance testing of diverse
social networks to potentially identify
clusters of infection

with mass individual
participation

infectiousness (D)

Duration of
asymptomatic
transmission (B)

e Contact tracing followed by testing then
isolation of cases and quarantine of con-
tacts

Government, with strong
individual and collective
commitment

Duration of
infectiousness (D)

Time from onset of
symptoms until
isolation (y)

e Public awareness about symptoms and
course of action at onset of symptoms
e Immediate self-imposed isolation

Individual, with
government-initiated
awareness

Duration of
infectiousness (D)

Frequency of social
contacts (0)

e Social distancing through:
o Limiting circle of social contacts
o Reducing number of social contacts
per day
o Avoidance of mass gatherings and
crowded settings

Individual and collective,
with facilitation from
government action

Contact rate (¢)

Distance between
individualsina
social contact ()

e Physical distancing through keeping a
minimum of 1-2 meters distance between
individuals in every contact

Individual and collective

Transmission
probability per contact
(p)

Individual and collective

Contact rate (c) and

Frequency of e Prevention of respiratory droplet trans-
potentially mission (covering sneezes/coughs)
infectious e Hand and face washing/stopping face

exposures (6) touching

transmission probability
per contact (p)

* Reproduction number Ry = ¢ x p x D

symptoms has also been documented!3 and, based on lim-
ited epidemiologic and clinical data, seems to last 1-2
days,!3-15 which is possibly half of the infectious period for
this virus estimated at 3.5 days> (Figure 1). Asymptomatic
transmission remains perhaps one of the most critical fac-
tors that may complicate containment.5 It has been esti-
mated that a large fraction of infections go unrecognized
because of mild, limited, or no symptoms, but play a main
role in transmission.> Proactive case identification, through
mass testing and contact tracing, followed by isolation of
cases and quarantine of contacts, is needed in order to re-
duce asymptomatic and other undocumented transmission,
a strategy that necessitates robust governmental action
with strong individual and collective commitment (Table 1).

With infection transmission expanding worldwide, indi-

vidual and collective behavior increasingly becomes more
critical than government action.!® This takes us back to
the definition of R; expressed simplistically as:
Ry = ¢ X p x D. Here, cis the contact rate, p is the proba-
bility of transmission per contact, and D is the duration of
infectiousness. The contact rate ¢ and transmission proba-
bility p can be greatly reduced through personal and collec-
tive behavior change. Authorities could still enforce some
preventative measures such as lock-downs and bans of
gatherings among others; however, each individual has a
key role to play by implementing social distancing through
limiting their circle of social contacts and number of social
encounters (thereby reducing c), and physical distancing
by keeping a minimum distance of 1-2 meters with their
contacts (thereby reducing p). Moreover, reducing respira-
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Latent period Infectious period

Asymptomatic transmission — | -
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Incubation period Time from onset of Time from Isolation until
symptoms until recovery or death
isolation
Exposure Onset of symptoms Isolation Recovery or death

Figure 1. Schematic representation of the natural history of COVID-19 highlighting key stages of the infection from

exposure until recovery or death.

tory droplet transmission by covering coughs and sneezes,
wearing masks, and following recommended hygiene mea-
sures (thereby reducing both c and p) are key, as they target
main modes of transmission.!6~18 These individual behav-
iors would directly reduce R and thus the capacity of the
transmission chains to be sustained (Table 1). Immediate
self-imposed isolation following onset of symptoms or sus-
pected exposure would effectively reduce the duration of in-
fectiousness, D, hence also reducing R, (Table 1, Figure 1).
Governments and other concerned public health actors have
a critical role in raising public awareness about symptoms
and what to do in case of onset of symptoms, as well as in
providing necessary diagnostic and clinical follow-up sup-
port for isolation; however strong individual commitment is
needed to ensure proper implementation and adherence to
recommended behavior in terms of reporting, isolation, and
prevention of further transmission.

Based on current estimates of Ry at 2.5, at least 60% of
transmissions need to be curtailed to reduce Rj to below
one, the threshold for epidemic sustainability. This is a
large fraction that may seem challenging to achieve given
the many setting-specific logistical, system-related, struc-
tural, cultural, and other barriers for implementation as
well as adherence and sustainability of the containment
measures summarized in Table 1. It can be argued that the
drastic interventions put in place by the Chinese govern-
ment, and that were successful in suppressing the epidemic,
may be almost impossible to replicate in other countries.
However, in truth, what fundamentally matters is the addi-
tive effect of the proposed individual interventions. What is
required is a combination of interventions where each one
of them, even if partially implemented, would compensate
for any deficiency in the others. This could be expressed fig-
uratively in the following simplified formula for R, which
incorporates the effects of the intervention strategies put in
place as part of a containment plan (Box 1).

BOX 1.

Ry (with containment) =Ry (initial) x (1 — ) X
X (1—7)x(1—=20)x(
x (1—6)

a = Reduction in undocumented transmission

B = Reduction in the duration of asymptomati

1 = Reduction in the distance between individ

Therefore, the total reduction in transmission (due to the
addition of the individual reductions) needs to be 60%, a
goal which, from this perspective, seems more plausible and
could be feasible. For example, if undocumented transmis-
sion, the duration of asymptomatic transmission, and the
time from onset of symptoms to isolation are reduced each
by 30% due to mass testing and contact tracing, and if 30%
of individuals engage in social and physical distancing, and
if 30% of the infectious droplet transmissions are avoid-
ed, Ry with containment would drop to 0.3, which appears
to be the value of R in China after containment measures
were put in place.l? With R being below one, transmission
chains will not be sustainable, and the epidemic would die
out. The additive effect of the proposed strategies is illus-
trated in Figure 2 through a mathematical modelling simu-
lation of epidemic dynamics.!® The prioritization of the in-
terventions and their individual impact (in terms of reduc-
tion in the key epidemiologic parameters) will depend on
each setting. For example, if mass testing is not possible
due to limited resources and lack of infrastructure, more
weight needs to be put in social distancing, physical dis-
tancing, isolation of cases, and contact tracing of detected
cases.

As the scientific and public health community is learning
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Figure 2. Mathematical modelling simulation of a COVID-19 epidemic showing the additive impact of six intervention

strategies leading to suppression

Note: Each intervention strategy is introduced on day 30 and assumed only 30% effective (refer to Table 1 for further details)

more about COVID-19 transmission dynamics, it has be-
come almost certain that a vaccine, even if partially effica-
cious, could be the most reliable intervention in the long-
term.20 However, the development and testing of such a
vaccine will take at least one year. Manufacturing the vac-
cine at large scale, distributing it globally, and achieving
high coverage is also a gigantic task that is unlikely to be
achieved rapidly, as experience tells with other vaccines.
The epidemic potential of COVID-19 and the expected toll
of morbidity and mortality, even if delayed or spread-out in
time by flattening the epidemic curve, is so enormous that
suppression using currently available and feasible non-bio-
medical interventions should be our primary immediate op-
tion. Until today, epidemic spread in many countries seems
in early stage and suppression is an achievable target.
Mathematical modelling?! as well as lessons from China,
South Korea, and Singapore have shown that the epidemic
can be suppressed even in the exponential growth phase
using a combination of interventions. These localized suc-
cessful suppression experiences have undoubtedly helped
contain epidemic spread globally. With more countries

moving towards suppression of their local epidemic rather
than just mitigation and delay, fighting the pandemic will
become a more achievable goal. Although new evidence in-
dicates that perhaps the majority of cases are asympto-
matic?~12 which makes containment more challenging, the
additive effect of multiple interventions could reduce epi-
demic transmission below sustainability threshold and re-
mains the most reasonable approach in the absence of a
vaccine. With the majority of the population continuing to
be susceptible to COVID-19 even after containment of a na-
tional epidemic, thoughtful maintenance strategies need to
be put in place to prevent epidemic reemergence. This could
be done by sustaining the minimal level of interventions
needed to remain in place to keep the epidemic below sus-
tainability threshold. Primary responsibility lies on the in-
dividual and the community at large to ensure the success
of both, suppression and maintenance until a vaccine be-
comes available and scaled-up. It is time to confront the re-
ality that we live in a new world, where individual and social
responsibility should be main pillars. Will this pandemic be
registered in history as a pandemic defeated through peo-
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ple’s collective action (a “people’s pandemic”)? Time will
tell.

Funding: GM acknowledges support by UK Research and In-
novation as part of the Global Challenges Research Fund,
grant number ES/P010873/1. Rest of authors acknowledge
support by NPRP grant number 9-040-3-008 and NPRP
grant number 12S-0216-190094 from the Qatar National
Research Fund (a member of Qatar Foundation). The state-
ments made herein are solely the responsibility of the au-
thors.

Authorship contributions: GM co-led the conceptualiza-
tion, conducted the literature search, and wrote the first
draft of the manuscript. HA conducted the mathematical
modelling simulations and contributed to the conceptual-
ization. MM, SS, and HC contributed to the conceptualiza-
tion. LJA co-led the conceptualization and contributed to
the mathematical modelling simulations. All authors con-

tributed to the writing of the manuscript.

Competing interests: The authors completed the Unified
Competing Interest form at www.icmje.org/coi disclo-
sure.pdf (available upon request from the corresponding
author), and declare no conflicts of interest

Correspondence to:
Ghina R. Mumtaz, PhD
American University of Beirut
P.0.Box 11-0236, Riad El Solh
Beirut 1107 2020, Lebanon
Tel: +961-1-350000 Ext: 4652
gml5@aub.edu.lb
Professor Laith J. Abu-Raddad
Weill Cornell Medical College
Qatar, Qatar Foundation - Education City
P.O. Box 24144, Doha, Qatar
Tel: +(974) 4492-8321. Fax: +(974) 4492-8222

1ja2002 @gatar-med.cornell.edu

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC-
BY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom-

mons.org/licenses/by/4.0/legalcode for more information.

Journal of Global Health Reports 5


http://www.icmje.org/coi_disclosure.pdf
http://www.icmje.org/coi_disclosure.pdf
mailto:gm15@aub.edu.lb
mailto:lja2002@qatar-med.cornell.edu

Can the COVID-19 pandemic still be suppressed? Putting essential pieces together

REFERENCES

1. World Health Organization. WHO Director-
General’s opening remarks at the media briefing on
COVID-19, 11 March 2020. https://www.who.int/dg/s
peeches/detail/who-director-general-s-opening-rema
rks-at-the-media-briefing-on-covid-19---11-march-2
020. Accessed April 30, 2020.

2. Green MS. Did the hesitancy in declaring COVID-19
a pandemic reflect a need to redefine the term? The
Lancet. 2020;395(10229):1034-1035. doi:10.1016/s01
40-6736(20)30630-9

3. Imai N, Cori A, Dorigatti I, Baguelin M, Donnelly
CA, Riley S, et al. Imperial College London, MRC
Centre for Global Infectious Disease Analysis.
COVID-19 Report 3: Transmissibility of of
2019-nCoV; 2019. https://www.imperial.ac.uk/media,
imperial-college/medicine/sph/ide/gida-fellowships/I

mperial-College-COVID19-transmissibility-25-01-20
20.pdf. Accessed April 30, 2020.

4. Kucharski AJ, Russell TW, Diamond C, Liu Y,
Edmunds J, Funk S, et al. Early dynamics of
transmission and control of COVID-19: A
mathematical modelling study. Lancet Infect Dis.
2020;20(5):P553-558. doi:10.1101/2020.01.31.200199
01

5.LiR, Pei S, Chen B, Song Y, Zhang T, Yang W, et al.
Substantial undocumented infection facilitates the
rapid dissemination of novel coronavirus (SARS-
CoV?2). Science. 2020;368(6490):489-493. doi:10.112
6/science.abb3221

6. University of Oxford. Global Change Data Lab - Our
World in Data. How many tests for COVID-19 are
being performed around the world? https://ourworldi
ndata.org/covid-testing. Accessed April 30, 2020.

7. Kuhn A. National Public Radio - News. South
Korea’s Drive-Through Testing For Coronavirus Is
Fast - And Free. March 2020. https://www.npr.org/sec
tions/goatsandsoda/2020/03/13/815441078/south-kor
eas-drive-through-testing-for-coronavirus-is-fast-an
d-free. Accessed April 30, 2020.

8. Joint Mission. Report of the WHO-China Joint
Mission on Coronavirus Disease 2019 (COVID-19).
2020. https://www.who.int/docs/default-source/coron
aviruse/who-china-joint-mission-on-covid-19-final-r
eport.pdf. Accessed April 30, 2020.

9. Gudbjartsson DF, Helgason A, Jonsson H, et al.
Spread of SARS-CoV-2 in the Icelandic Population. N
Engl ] Med. April 2020. doi:10.1056/nejmoa2006100

10. Sutton D, Fuchs K, D’Alton M, Goffman D.
Universal Screening for SARS-CoV-2 in Women
Admitted for Delivery. N Engl ] Med. 2020. doi:10.105

6/nejmc2009316

11. Streeck H, Hartmann G, Exner M, Schmid M.
Vorlédufiges Ergebnis und Schlussfolgerungen der
COVID-19 Case-Cluster-Study (Gemeinde Gangelt).
April 2020.

12. Oxford Immunology Consortium, Scottish
National Blood Transfusion Service, University of
Kent. Serological analysis of 1000 Scottish blood
donor samples for anti-SARS-CoV-2 antibodies
collected in March 2020. April 2020.

13. Rothe C, Schunk M, Sothmann P, Bretzel G,
Froeschl G, Wallrauch C, et al. Transmission of
2019-nCoV Infection from an Asymptomatic Contact
in Germany. N Engl ] Med. 2020;382:970-971. doi:1
0.1056/NEJMc2001468

14. Zou L, Ruan F, Huang M, et al. SARS-CoV-2 Viral
Load in Upper Respiratory Specimens of Infected
Patients. N Engl ] Med. 2020;382(12):1177-1179. do
i:10.1056/nejmc2001737

15. Anderson RM, Heesterbeek H, Klinkenberg D,
Hollingsworth TD. How will country-based mitigation
measures influence the course of the COVID-19
epidemic? The Lancet. 2020;395(10228):931-934. do
i:10.1016/s0140-6736(20)30567-5

16. van Doremalen N, Bushmaker T, Morris D,
Holbrook M, Gamble A, Williamson B, et al. Aerosol
and surface stability of HCoV-19 (SARS-CoV-2)
compared to SARS-CoV-1. March 2020. https:/ww
w.medrxiv.org/content/10.1101/2020.03.09.20033217
v2. Accessed April 30, 2020.

17. Cai J, Sun W, Huang J, Gamber M, Wu |, He G.
Indirect Virus Transmission in Cluster of COVID-19
Cases, Wenzhou, China, 2020. Emerg Infect Dis.
2020;26(6). doi:10.3201/eid2606.200412

18. Greenhalgh T, Schmid MB, Czypionka T, Bassler
D, Gruer L. Face masks for the public during the
covid-19 crisis. BM]J. April 2020:m1435. doi:10.1136/b

mj.m1435

19. Ayoub HH, Chemaitelly H, Mumtaz GR, et al.
Characterizing key attributes of the epidemiology of
COVID-19 in China: Model-based estimations. April
2020. do0i:10.1101/2020.04.08.20058214

Journal of Global Health Reports


https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://doi.org/10.1016/s0140-6736(20)30630-9
https://doi.org/10.1016/s0140-6736(20)30630-9
https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-transmissibility-25-01-2020.pdf
https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-transmissibility-25-01-2020.pdf
https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-transmissibility-25-01-2020.pdf
https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-transmissibility-25-01-2020.pdf
https://doi.org/10.1101/2020.01.31.20019901
https://doi.org/10.1101/2020.01.31.20019901
https://doi.org/10.1126/science.abb3221
https://doi.org/10.1126/science.abb3221
https://ourworldindata.org/covid-testing
https://ourworldindata.org/covid-testing
https://www.npr.org/sections/goatsandsoda/2020/03/13/815441078/south-koreas-drive-through-testing-for-coronavirus-is-fast-and-free
https://www.npr.org/sections/goatsandsoda/2020/03/13/815441078/south-koreas-drive-through-testing-for-coronavirus-is-fast-and-free
https://www.npr.org/sections/goatsandsoda/2020/03/13/815441078/south-koreas-drive-through-testing-for-coronavirus-is-fast-and-free
https://www.npr.org/sections/goatsandsoda/2020/03/13/815441078/south-koreas-drive-through-testing-for-coronavirus-is-fast-and-free
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
https://doi.org/10.1056/nejmoa2006100
https://doi.org/10.1056/nejmc2009316
https://doi.org/10.1056/nejmc2009316
https://doi.org/10.1056/NEJMc2001468
https://doi.org/10.1056/NEJMc2001468
https://doi.org/10.1056/nejmc2001737
https://doi.org/10.1056/nejmc2001737
https://doi.org/10.1016/s0140-6736(20)30567-5
https://doi.org/10.1016/s0140-6736(20)30567-5
https://www.medrxiv.org/content/10.1101/2020.03.09.20033217v2
https://www.medrxiv.org/content/10.1101/2020.03.09.20033217v2
https://www.medrxiv.org/content/10.1101/2020.03.09.20033217v2
https://doi.org/10.3201/eid2606.200412
https://doi.org/10.1136/bmj.m1435
https://doi.org/10.1136/bmj.m1435
https://doi.org/10.1101/2020.04.08.20058214

Can the COVID-19 pandemic still be suppressed? Putting essential pieces together

20. Makhoul M, Ayoub HH, Chemaitelly H, Seedat S, 21. Ferguson NM, Laydon D, Nedjati-Gilani G, Imai N,
Mumtaz GR, Al-Omari S, et al. Epidemiological Ainslie K, Baguelin M, et al. Imperial College London,
impact of SARS-CoV-2 vaccination: Mathematical MRC Centre for Global Infectious Disease Analysis.
modeling analyses. doi:10.1101/2020.04.19.20070805 COVID-19 Report 9: Impact of non-pharmaceutical

interventions (NPIs) to reduce COVID-19 mortality
and healthcare demand. 2020. https://www.imperial.a
c.uk/media/imperial-college/medicine/sph/ide/gida-f
ellowships/Imperial-College-COVID19-NPI-modellin
g-16-03-2020.pdf. Accessed April 30, 2020.

Journal of Global Health Reports


https://doi.org/10.1101/2020.04.19.20070805
https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-NPI-modelling-16-03-2020.pdf
https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-NPI-modelling-16-03-2020.pdf
https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-NPI-modelling-16-03-2020.pdf
https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-NPI-modelling-16-03-2020.pdf

	References

