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Background: To date computer models with multiple assumptions have focussed on predicting the incidence of
symptomatic cases of COVID-19. Given emerging vaccines, the aim of this study was to provide simple methods for
estimating the hidden prevalence of asymptomatic cases and levels of herd immunity to aid future immunization
policy and planning. We applied the method in Ireland. Methods: For large scale epidemics, indirect models for
estimating prevalence have been developed. One such method is the benchmark multiplier method. A further
method is back-calculation, which has been used successfully to produce estimates of the scale of a HIV infected
population. The methods were applied from March to October 2020 and are applicable globally. Results: Results
demonstrated that the number of infected individuals was at least twice and possibly six times the number
identified through testing. Our estimates ranged from ~100 000 to 375 000 cases giving a ratio of 1-6 hidden
cases for every known case within the study time frame. While both methods are subject to assumptions and
limitations, it was interesting to observe that estimates corroborated government statements noting that 80% of
people testing positive were asymptomatic. Conclusions: As Europe has now endured several epidemic waves with
the emergence globally of new variants, it essential that both policy makers and the public are aware of the scale
of the hidden epidemic that may surround them. The need for social distancing is as important as ever as we await
global immunization rollout.

Introduction

lassical mathematical epidemiology has highlighted the need to
Cidentify a critical population size for an epidemic to drive across
a community. This threshold depends not only on the nature of the
epidemic but also on the scale of the available susceptible popula-
tion.'™

In the early stages of a new epidemic, where no vaccine is avail-
able, all persons are susceptible. As the epidemic progresses and the
number of infectious individuals increases the number of susceptible
individuals will decrease. The time between exposure to a virus
(becoming infected) and symptom onset, is known as the incubation
period. During this period, also known as the ‘pre- symptomatic’
period, some infected persons can be contagious. Therefore, trans-
mission from a pre-symptomatic case can occur before symptom
onset.” When an epidemic can produce pre-symptomatic, asymp-
tomatic and symptomatic cases the identification of the numbers
infected becomes more challenging. Yet, it is the estimates of this
very number that is required to enable the planning of a vaccination
strategy, decisions on when a community has reached its critical
threshold points and when policy makers and planners can advise
on school openings, safety for nursing homes and protection of
multiple vulnerable communities.

Internationally, organizations from the United Nations to the
Centre for Disease Control to the World Health Organization are
coming together to fight the now global and continually expanding
pandemic of COVID-19. According to the European Centre for
Disease Control clinical presentations of COVID-19 can range

from no symptoms (asymptomatic) to severe pneumonia and death.
There are also notifications of cases remaining asymptomatic
throughout the full duration of laboratory and clinical monitoring.
Furthermore, no significant difference in viral load in asymptom-
atic and symptomatic patients has been reported, indicating the
equally significant potential of virus transmission from asymptom-
atic patients. Asymptomatic cases in infants and children have also
been reported.’

Without the resources to test and enumerate asymptomatic cases
mathematical modelling can be used to provide estimates of these
cases. For example, across varying regions of France and within
Ireland, statistical modelling approaches using what is known as
the Susceptible-Exposed-Infected-Removed (SEIR) models incorpo-
rating susceptible, infected, infectious and recovered groups of indi-
viduals have been used to estimate the impact of mitigation
measures, such as local and wider travel restrictions and the closure
of non-essential retail.® Indirect estimation methods including
multiplier methods and mathematical and statistical models of
back-calculation have been used successfully both internationally
and in Ireland to produce estimates of the scale of a hidden infected
population within HIV/AIDS, heroin use, and more recently bio-
terrorism, where the comparatively short incubation periods are
particularly applicable to COVID-19.”~"* Working with observed
symptomatic cases and the known incubation period, these back-
calculation models predict through the incubation period distribu-
tion the total numbers of infected and asymptomatic cases the
observed cases arose from.
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The aim of this study was to provide the first indirect estimates
of the hidden prevalence of the population of asymptomatic
COVID-19 cases in Ireland using both the back-calculation and
the infection fatality multiplier methods. Methods developed while
applicable globally were applied nationally from March to October
2020 and prior to the implementation of a national immunization
programme.

Methods

This research was approved by the Faculty of Health Sciences
Research Ethics Committee Trinity College Dublin, the University
of Dublin, Ireland.

Infection fatality multiplier

As case finding methods are not feasible for large scale epidemics
indirect mathematical and statistical models for estimating preva-
lence have been developed. One such method is the benchmark
multiplier method, which is recommended by the European
Monitoring Centre for Drugs and Drug Addiction for the estima-
tion of the hidden numbers of people who use drugs.'> In the
context of problem drug use the total population of people who
use drugs, given by T is unknown (partly hidden population).
Given a sample of size B of the population in question (bench-
mark) and the probability ¢ for someone of this unknown popu-
lation to be member of the sample, the total population T can be
estimated from

T = B/,

where B is the number of identified people who use drugs (sample
or benchmark) and c is a parameter giving the probability of a drug
user (unknown target population) to be a member of the identified
sample B. In our example, T is the total number or prevalence of
COVID-19 positive both diagnosed and undiagnosed cases, B is
the benchmark of the known number of COVID-19 deaths in the
time period and the multiplier, 1/c is 1/the infection fatality rate,
where the infection fatality rate is defined as the proportion of
deaths among all infected individuals not just known cases.'®
This method assumes a constant linear relation between prevalence
of all cases and the number of deaths. Cases estimated using this
method may be defined as all infected individuals in the defined
time period.

Back-calculation

The method of back-calculation is also an indirect method for esti-
mating hidden prevalence and has been used successfully both inter-
nationally and in Ireland to produce estimates of the scale of an
infected population within HIV/AIDS and heroin use.”?'>!*
Working with observed symptomatic cases and the known incuba-
tion period, these models predict through the incubation period
distribution the total numbers of infected and possibly asymptom-
atic or hidden cases these observed cases arose from. Cases estimated
using this method can be broadly defined as cases that are similar to
the known diagnosed cases in the defined time period.
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In its simplest form, the back-calculation model is given by,

t

Crl(t) = JCU(t — 9f(s)ds. )

0

Where Cr(t) is the known COVID-19 cases, f(s) is the incubation
period distribution and Cy(#) is the unknown COVID-19 cases we
wish to solve for. Given varying forms in the growth of the treated
cases Cr(t) and the incubation period f(s) the back-calculation
model can be transformed into Volterra integral equations and
solved analytically as in Comiskey,”” Comiskey and Hay'? and
Dempsey and Comiskey™'® or numerically as in Comiskey and
Ruskin."?

The incubation period f(#) may be described by the Gamma dis-
tribution given by I'(a, 1), where

/l(ﬂ,x)xfle”‘*"

@ (2)

flx:a, )=

where fis the probability of an incubation period of duration x given
a mean incubation period of mean, y = /1. The details of the
parameters of the incubation period distribution for COVID-19
are provided by Banka and Comiskey.'” The solution of the back-
calculation model when o =2 and « = 3 have been provided by
Comiskey C.M. (1991) and Dempsey and Comiskey.”'

The solution formula for the unknown number of cases Cy(#)
when o = 3 is based on a combination of the first, second and third
derivative of the number of known cases Cr(t) and is as follows:

118G (1) | 3 £(aCr(1)) | 3d(Cr(1))

Cult) = i 2 e i dr

=3
The solution formula for the unknown cases when oo = 2 is simi-
lar and is given by:

+Cr(t). (3)

Culr) = L LG D) | 2d(Cr(1)

P i 1T + Cr(t). (4)

The prevalence of the unknown asymptomatic cases is then given
by the integral of the solution over the defined time period.
We have

Jt Cu(t)dt. (5)

0

Results

Estimates of hidden prevalence using the infection
fatality multiplier

According to WHO'® the infection fatality ratio for COVID-19 is
estimated to be in the region of 0.5-1.0%. The total number of
deaths unadjusted for reporting delays in Ireland from 1 March to
the 26 of October was 1882 and the total number of known cases
was 57 128."® Given this benchmark and the infection fatality multi-
plier, we have the estimates of prevalence in table 1 below.

Table 1 Estimates of the hidden prevalence of COVID-19 in Ireland from 1 March to 26 October 2020 using the infection fatality multiplier

Infection fatality ratio (%) Known deaths Estimated total

Known prevalence

Estimated hidden Ratio of unknown cases to

prevalence prevalence each known case
0.5 1882 376 400 57 128 319 272 5.6—
0.75 1882 250 933 57 128 193 805 3.4-1
1 1882 188 200 57 128 131 072 2.3-1
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Figure 1 Known COVID-19 cases from 1st March (Day 1) up to 19th October (Day 233) in Ireland. Dark grey represents new cases and light

grey represents new cases smoothed

Table 2 Best fitting curve Cr(t) to the known number of COVID-19 cases across the three phases of the epidemic from March to October

2020 in Ireland

Epidemic wave Curve R squared F, P

Wave 1, increasing phase Cr(t) =0-565t2 — 11194t + 48 - 328 0.968 656.686, <0.001
Wave 1, decreasing phase Cr(t) =0-419t2 — 76 - 745t + 3581 - 727 0.985 1403.117, <0.001
Wave 2, increasing phase Cr(t) =0 1360037t 0.946 2266.953, <0.001

Estimates of hidden prevalence using the
back-calculation method

The growth in the known diagnosed cases of COVID-19 in Ireland
from March to mid- October 2020 can be seen in figure 1."

We can see from this figure that the epidemic to date has
occurred in two waves or three phases. Epidemic Wave 1, Phase
1 was the rapid increase in cases to mid-April followed by epidemic
Wave 1, Phase 2, where new cases decreased as a result of mitiga-
tion measures, which included working from home, all but essen-
tial retail closures and all school closures. These two phases of the
first wave lasted until 31st of May when mitigation measures were
reduced, schools and childcare facilities were reopened, and peo-
ple’s movement and the economy was reactivated. The second
epidemic wave started after the reduction of the mitigation meas-
ures. Using simple regression techniques, we fitted three separate
curves Cr(t) to the known cases of these three phases. Details of
the best fitting curves amongst all curves fitted are provided in
table 2 below.

Using the fitted curves for the known cases, the back-
calculation Equation (1) was solved three times for the unknown
cases Cy(t) given the known incubation period distribution of
Banka and Comiskey,’” who have estimated I'(x,1) =
I'(2-810,0-419) and the exact solutions in Equations (3) and
(4) for Cy(t) with o = 3 and with & = 2. These solutions were
used for the estimates below, where I'(o, 1) = T'(3-0,0 - 45) and
['(a,2) =T(2-0,0-30) both of which corresponded to the
required mean incubation period of 6.7 days. Table 3 provides a
summary of these estimates.

Discussion

Within this article, we have provided explicit formulae for the
computation of estimates of the hidden prevalence of COVID-19
asymptomatic cases using initially mortality data and the bench-
mark multiplier method and latterly the back-calculation method
with regression models of known cases and known information
on the incubation period. Applying this to the Irish cases from

March to October 2020,'®' we found that with the back-
calculation method it was estimated that for every case identified
through testing there was ~1 other asymptomatic, unknown case.
This result was similar despite varying the parameters of the in-
cubation period. Given this estimate was derived directly from
the known numbers of people who have had a positive COVID-19
test it can be considered as a minimum estimate of the size of the
asymptomatic prevalence. From the benchmark multiplier
method, we found, using the infection fatality rate that for every
case identified there were between 2.3 and 5.6 asymptomatic cases
depending on the value of the infection fatality rate. Given that in
Ireland all people who have died and who have had a positive
COVID-19 test are classified as a COVID-19 related death regard-
less of the exact cause of death, this estimate may be considered as
a maximum estimate of the asymptomatic prevalence of hidden
cases. SEIR models of new waves of the epidemic in Ireland esti-
mated that the number of asymptomatic infectious was of the
same order of magnitude as the number of symptomatic infec-
tious but with a larger uncertainty, this reflecting the finding
from the back-calculation methods here.'® Authors demonstrated
that the role of new variants with Ireland and globally can have a
significant impact on transmission while a population remains
unvaccinated and the impact of vaccination on new or as yet to
emerge variants is unknown.*

Our estimates ranged from ~100 000-375 000 cases giving a
ratio of 1-6 hidden cases for every known case within the study
time frame. Given an Irish population of 4.9 million these esti-
mates equate to ~2.0-7.7% of the total population. An early
serological study carried out between 26 June and 20 July 2020
among 12-69year olds in Ireland estimated the seroprevalence
rate at 1.7% (95% CI: 1.1-2.4%), which overlaps with our find-
ings.”! For the first wave, estimated serological prevalence in the
UK found that 6.0% (95% CI: 5.8-6.1%) of individuals tested
positive, of these one-third [32.2% (95% CI: 31.0-33.4%)]
reported no symptoms and were asymptomatic.”*There are two
key strengths to this study. Firstly, the study utilizes well estab-
lished prevalence estimation methods that have been endorsed
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Table 3 Estimates of the hidden prevalence of COVID-19 in Ireland from 1 March to 19 October 2020 using the back-calculation method with
a Gamma incubation period distribution I'(3-0,0 - 45) and I'(2- 0,0 - 30)[AQ10]

Epidemic wave Hidden prevalence, Cy(t)

Known diagnosed prevalence, Cr

Estimated total prevalence Ratio of unknown cases

given alpha =3 to each known case

Wave 1, increasing phase 1 15197 12 547 27 744 1.2-1
March-16 April

Wave 1, decreasing phase 17 9748 12 382 22130 0.8-1
April-31 May

Wave 2, increasing phase 1 24 312 24 747 49 059 1.0-1
June-19 October

1 March-19 October 49 257 49 676 98 933 1.0-1

Epidemic wave Hidden prevalence, Cy(t) Known diagnosed prevalence, C;  Estimated total prevalence  Ratio of unknown cases to

given alpha =2 each known case

Wave 1, increasing phase 15120 12 547 27 667 1.2-1

1 March-16 April

Wave 1, decreasing phase 9210 12 382 21992 0.8-1

17 April-31 May

Wave 2, increasing phase 24 203 24 747 48 950 1.1-1

1 June-19 October

1 March-19 October 48 933 49 676 98 609 1.0-1

Note: Significance of bold values indicates total prevalence of all epidemic waves.

and recommended by the European Monitoring Centre for Drugs
and Drugs Addiction for the EU wide prevalence estimation of
hidden phenomena from substance use to HIV/AIDS.'® Secondly,
the study provides explicit formulae for the computation of the
hidden prevalence of asymptomatic cases within a country or
region given either the known numbers of fatalities or given a
regression equation for the known numbers of symptomatic
cases. The study does however have its limitations. Cases of
COVID-19 were not adjusted for reporting delays and as a result
are likely to be an underestimate of the true number of cases
within the stated timeframe. As knowledge of the epidemic
improved case notification rates may also improve. The two dif-
ferent methods are also subject to different assumptions. The
benchmark multiplier method assumes that there is a linear rela-
tionship between fatalities and cases, and it is likely that this is an
oversimplification as age or underlying health conditions will
undoubtedly impact upon fatality rates.'® Similarly, as reporting
systems and healthcare provision and expertise and equipment
improves fatality rates and case notification rates will change.
The method is however considered useful for planning purposes
where little is known about the scale of the hidden prevalence.'
Similarly, the method of back-calculation assumes that symptom-
atic cases are similar to asymptomatic cases in their behaviours
and can be back projected through the incubation period without
taking into account other factors, such as social mixing, popula-
tion density rates and viral load. The method has however been
used successfully for estimating prevalence as it is not intended to
measure the impact of behaviour and this can be seen in the
works on estimating the prevalence of HIV/AIDS within popula-
tions with varying behaviours from men who have sex with men
to people who inject drugs.” !

The study findings when applied to the Irish setting from March
to October 2020 illustrate that the level of so-called ‘silent and
hidden infection’ in Ireland remains substantial and undocument-
ed. Our findings are also corroborated by government statements
stating that 80% of those testing positive were asymptomatic, indi-
cating that for each symptomatic positive case there were four
asymptomatic positive cases.”> As more detailed data becomes
available the methods presented within this study could be applied
to more refined groupings within particular settings or age cate-
gories to provide specific estimates of prevalence within vulnerable
or essential worker groups from healthcare professionals working
in acute care to older people living within shared community set-
tings. As Europe endures possible future epidemic waves despite

eminent vaccines, it essential that the public are aware of the scale
of the hidden epidemic that surrounds them. The need for social
distancing is still important as we await national and global im-
munization rollout within the context of the emerging variants of
this disease.
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Key points

e We implemented established methods and used available
data to provide an accessible methodology to estimate the
hidden and asymptomatic prevalence of COVID-19 across
Europe.

o Using this methodology, we found that within Ireland for every
known case identified there was a minimum of one other
unknown case and a maximum of possibly six unknown cases.

o These findings contribute to the identification of levels of herd
immunity within our community prior to vaccination and
highlight the level of so-called silent infection surrounding us.

e As we plan for imminent vaccination policies, these estimates
can be refined to provide estimates of hidden prevalence
among varying vulnerable groups, from healthcare workers in
acute settings to older people living in communities.

e These estimation methods can assist in the identification of
priorities and levels of vaccination coverage that may be
required to ensure future immunity.
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