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1. Estimation of incidence of SARS-CoV-2 infections

Data from a serological survey of Australian blood donors were available at four time points for adults (23
February — 3 March 2022; 9-18 June 2022; 23 August — 2 September 2022; 29 November — 13 December 2022)*
and a single time point for children (8 June — 31 August 2022).2 Most people in Australia had received two
coronavirus disease 2019 (COVID-19) vaccine doses by September 2021, and the peak of the first severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) Omicron variant infection wave was in January 2022.% We
used seroprevalence data® based on the testing of blood specimens from all Australian states and territories for
two types of antibody to SARS-CoV-2 using commercial Roche assays. The presence of anti-spike antibodies
indicates exposure to vaccination or natural infection; that of anti-nucleocapsid protein antibodies specifically
indicates infection with SARS-CoV-2, because the vaccines used in Australia do not generate this antibody. As
for children and adolescents (0-19 years) we had specific seroprevalence data for only one time point, we
estimated the values for the three missed time points on the basis of relative changes in seropositivity for adults.
Age-specific seroprevalence (by month) was estimated by interpolating values between the four time point values
for each age group (Table 1), using the MATLAB function interpoll, which derives interpolated values of a 1-D

function using linear interpolation.

Table 1. Data used for estimating cumulative seropositivity over time? (main manuscript, Box 1)

Age Population March 2022 June 2022 September December
group 2022 2022
0-19 6,095,818 963,139 2,743,118 3,901,324 4,236,594
(15.8%) (45.0%) (64.0%) (69.5%)
20-29 3,351,223 911,533 2,067,705 2,670,925 2,788,218
(27.2%) (61.7%) (79.7%) (83.2%)
30-39 3,691,904 801,143 1,941,942 2,676,630 2,816,923
(21.7%) (52.6%) (72.5%) (76.3%)
40-49 3,284,795 528,852 1,560,278 2,243,515 2,499,729
(16.1%) (47.5%) (68.3%) (76.1%)
50-59 3,152,854 375,190 1,226,460 1,986,298 2,106,106
(11.9%) (38.9%) (63.0%) (66.8%)
60-69 2,766,566 229,625 835,503 1,361,150 1,657,173
(8.3%) (30.2%) (49.2%) (59.9%)
70+ 3,079,629 197,096 791,465 1,281,126 1,582,929
(6.4%) (25.7%) (41.6%) (51.4%)
Total 25,422,789 4,321,874 11,745,329 16,575,658 17,999,335
(17.0%) (46.2%) (65.2%) (70.8%)




2. Long COVID: age-specific rates over time

The definition of long COVID differs between WHO, CDC, and other public health entities*® with respect to
symptoms included and duration of persistence. Estimates of long COVID prevalence consequently vary widely
in the literature.

The prevalence of long COVID (assessed at differing times after infection) is estimated to be 15-30% in adults
aged 18-64 years old and 26.6-45.4% in adults aged 65 years and over.”*® The prevalence of long COVID in
children and adolescents (0-17 years) is estimated to be 4-66% 4 or more weeks after COVID-19.240-% Varying
lengths of recovery time further complicate the long COVID trajectory; one study reported that after 18 months
6% of people had not recovered, and that 42% had partially recovered.'*

People with long COVID symptoms experience impairment in their ability to conduct normal day-to-day
activities.>>% Specifically, rapid physical exhaustion, neurocognitive impairment, memory disturbance, loss of
executive function, and concentration difficulties may result in impairment of ability to work.%” One study found
that 44.3% of respondents reported that they had not recovered to their full pre-COVID-19 working capacity 6-
12 months after infection.” In the USA it is estimated that between 2 and 4 million people were out of work
because of long COVID in 2021, 15% of the workforce shortage.>® Another study identified that people who are
able to return to work are frequently returning to work with reduced hours or responsibilities. >

To estimate the age-specific proportion of people suffering from long COVID symptoms, we collected data from
studies focused on children, adolescents, or adults.681%1254 |f 3 study compared cases with controls, prevalence
was calculated to estimate the difference (cases minus controls). This method was used for symptoms lasting up
to 3 months. For symptoms lasting up to 12 months, we used the estimated proportion of people who had no
recovery at 12 months and subtracted this from the baseline prevalence.!!

As long COVID rates differed between studies (4.7% to 80%), we conducted a sensitivity analysis using low and
high estimates of long COVID.8111225384854 The high estimates come from studies reporting recovery after 3 and
12 months and proportions who never recover.'5 For the low estimate, we used the rates from a study conducted
by the Australian National University, for symptoms up to 3 months after infection (Table 2).19

Table 2. Age-specific rates of long COVID lasting up to 3 months, 12 months, and never recovered for the
low and high ranges rates before the weighted calculation with the inclusion of asymptomatic infections

Age groups Symptoms up to 3 Symptoms up to 12 Never recovered (>12
months months months)
High range long COVID rates
0-4 12.8% 6.14%154 3%
5-9 4.49%% 2.119%54 1%
10-19 4.7%% 2.26%11:54 1%
20-59 20.8%° 9.98%81! 6%?"!
60+ 26.9%° 12.919%81 6%?"!
Low range long COVID rates
0-4 3.29%"2 1.58% 0.79%
5-9 1.13%?"? 0.54% 0.27%
10-19 1.21%* 0.58% 0.29%
20-29 3.8%1? 1.82% 0.91%
30-39 7.4%"? 3.55% 1.77%
40-49 5.4%*"? 2.59% 1.3%
50-59 4.8%"? 2.3% 1.15%
60-69 4.4%* 2.11% 1.05%
70+ 2.6%"2 1.25% 0.62%

To estimate the long COVID prevalence over time we used an adjusted SEIR model.




Figure 1. SEIR model diagram with susceptible (S), infected (1), with long-COVID symptoms (LC), and
recovered or dead (R or D), while every compartment is age-specific following i=1....,9 age groups and the
time tis in months

Y3i+Y12i

X=increasing rate of seroprevalence
Y=Proportion of people that have
LC symptoms after infection

Y3, Y12 = proportion of people that
recover after 3 and 12 months
respectively

The S compartment includes people who had never had SARS-CoV-2 during 2022. To inform this compartment
we used the age-specific population for Australia in 2020-2021.5° The infected (1) compartment includes people
who had at least one SARS-CoV-2 infection during 2022 (seroconverted), and this compartment and the rate of
people passing from being susceptible (S) to I, have been estimated by interpolating values from the serosurvey
surveillance (Table 1). After infection, people may develop long-COVID (LC), recover (R), or die (D).
Recovery from LC may be partial or complete. Rates of long COVID used are shown in the previous paragraph.
Each of the compartments is age specific (i), with the population divided into nine age groups: 0-4, 5-9, 10-19,
20-29, 30-39, 40-49, 50-59, 60-69 and 70 years or older.

3a. Impact of loss of labour supply on GDP

The approach we use to estimate the reduction in labour supply is formalised in equation (1). This equation
specifies that the reduction in labour supply is estimated by aggregating the loss caused by long COVID in the
labour force across working age groups and across types of severity. In equation (1), Alab is the reduction in the
labour supply; POP, and ux are the population and the participation rate in labour force in age group a; LCs is the
rate of long COVID cases in age group a in a given period (eg, the year 2022); subscript r is the index of three
levels of severity of long COVID (i.e., normal recovery, partial recovery within 6 months, non-recovery within 6
months); Wa  is the number of working weeks (or hours) lost for each recovery type; and vya, is the share of normal
recovery, partial recovery, and non-recovery types of long COVID cases.

Alab = Za POPa X fg X LCa Zr Wa,r)/a.r (1)

The productivity loss in contribution of labour to GDP is estimated using equation (2). This equation specifies
that the loss of contribution of labour to GDP is estimated by the fraction of the labour loss caused by long COVID
in the total contribution to labour to GDP. In equation (2), #'3" is the share of labour contribution to GDP; Tais
the mean labour supply (in worked weeks or hours) by one employed person in age group a.

LOSslabo‘r = GDP X glabor X __ Alab (2)
YaPOPqiaTy



3b. Loss to GDP, including non-labour production factors

To estimate the loss of GDP, we undertook an input-output (10) analysis, using the input-output data published
by the Australian Bureau of Statistics with 114 aggregate sectors of Australia’s economy. The 10 data indicate
how much input is required per unit of output in each of the 114 sectors. The inputs required by each sector include
the output of other sectors (intermediate inputs), imported inputs, capital, and labour. The output of each sector
can be used as inputs for other sectors (intermediate inputs) and for the final demand, including private and public
consumption, investment, and export.

The 10 flows of the economy are formalised in equations (3)-(7). Equation (3) illustrates the basic accounting
principle that the supply of each sector i[1..114] is equal to the demand, including intermediate inputs from other
sectors and final demand. In this equation, z;;are the technical coefficients that are the input requirements from
sector i per unit of output of sector j, which can be estimated from real-life data; D is the total final demand, and
di is the proportion of the final demand for the output of sector i in the total demand.

Equation (4) formalises the constraint in terms of labour supply in paid employment in the economy. This equation
specifies that the labour requirements for labour from all sectors is constrained by the total labour supply. In
equation (4), zia,j are the technical coefficients of the labour requirements per unit of output of sector j , which are
estimated from actual economic data.

Equations (5)-(7) specify the income of capital, government tax revenue, and demand for imports respectively. In
these equations, zcap,j and zimjare the requirement for capital and imported inputs per unit of output in sector j; Ziax,
is the tax per unit of output in sector j . Given all technical coefficients z which can be calibrated from data,
equation (8) defines GDP using the income approach given the constraint in labour supply; ie, the sum of the
income of labour, capital, and government.

X;=3,;2,;X +Dxd;Vi=1.114,j = 1..114 3)

Y Ziap,X; = L,Vj = 1..114 4)

Z Zoap, X = K,Vj = 1..114 ()
J

Z ZimjXj + ZimpD = 1,¥j = 1..114 (6)
J

Z Zyan X = G,Vj = 1.114 )
J

GDP(L|z) = Z Zia X + Z Zeap,Xj + Z Zeap;Xj V) = 1..114 (8)

J J J

The loss in real GDP caused by long-COVID is estimated in equation (9). The loss in real GDP is defined as the
difference in the GDP with a normal level of labour supply and the GDP with reduced labour supply, given all
other factors remaining unchanged.

LOSS®PP = GDP(Y, POP,u,T, |z) — GDP (X, P Y. POPuu,T, — Alab|z) 9)

We parameterise equations (1)-(9) using data from various sources. We specify the working age to be in six age
groups, noting that labour force participation rate in each cohort is used to determine actual labour supply in paid
employment, namely a = [10-19, 20-29, 30-39, 40-49, 50-59, 60-69]

The population and the estimated ranges for the numbers of long COVID cases, and the labour force
participation rate and mean number of working weeks per year, are reported by age group in Table 3.



Table 3. The age distribution of model parameters for the calculation of the economic loss*

Age Population | Labour force Normal Long Long Labour Labour Labour loss
group (millions)" | participation | workload COoVID COVID case loss per loss per per
rate* (weeks per | cases, range rate, range employed | employed employed
employee (thousands)" (per 100 person person person with
per year)s pop.)** with with slow | non-recovery
normal recovery after 6
recovery (weeks)™ months
(weeks)* (weeks)fT
10-19 3.1 21.5% 23.1 9.8-38.4 0.3-1.2 1 2.3 11.6
20-29 34 76.3% 40.1 39.4-216.5 1.1-6.3 1 4.0 20.1
30-39 3.8 80.7% 43.1 78.2-220.2 2.1-58 1 4.3 216
40-49 3.3 81.9% 44.1 51.6-204.7 1.6-6.2 1 4.4 22.1
50-59 3.2 75.5% 43.4 38.2-165.7 1.2-5.2 1 4.3 21.7
60-69 2.7 51.9% 36.7 30.6-186.9 1.1-6.8 1 3.7 184

* Numbers are rounded to one decimal place.

+ Population data are for 2021 and extracted from the Australian Bureau of Statistics.5*

1 Participation rates in the labour force are for 2020-21 financial year and calculated by the number of employed people (full-time and part-
time) per 100 population.®

§ Annual worked time per employed worker is for the 2020-21 financial year and calculated from total worked hours, assuming 40 hours per
working week.5?

1 The range of long COVID case numbers is extracted from the epidemiological SEIR compartment model.

** The population rate of long COVID is calculated from the estimated number of cases per 100 people.

+1 This approach uses recovery time to derive the loss in labour supply rather than the severity of symptoms. A non-recovery long COVID
case would cause a loss of six months (i.e., 50% the normal worked hours in one year in column 4), a slow recovery long COVID case would
cause a loss of 20% of a non-recovery case (i.e., work at 80% of full capacity for six months) or 10% of the normal worked hours in one year
in column 4, and a normal recovery long COVID case would cause a loss of one working week.



4. Supplementary results

Table 4. Number of people with long COVID symptoms by month and three age groups, 0-4

(unvaccinated), 5-19 (partially vaccinated), and 20+ (mostly vaccinated), for low and high estimated rates

Age group (years)

Month 0-4 5-19 20+ Total

2022
January 0-0 0-0 5806-26250 5806-26250
February 2246-8729 2554-9925 46369-182060 51169-200714
March 5296-20584 6022-23406 108281-458480 119599-502470
April 8481-32961 9643-37479 167383-722200 185507-792640
May 10543-40980 11975-46606 209436-923350 231954-1010936
June 12517-48658 14201-55348 241133-1066060 267851-1170066
July 12885-50090 14600-56991 243973-1129140 271458-1236221
August 13570-52758 15360-60036 267363-1194150 296293-1306944
September 14142-54988 15991-62587 280208-1257230 310341-1374805
October 13819-53737 15613-61172 272185-1230730 301620-1345639
November 13384-52049 15105-59262 263394-1200710 291880-1312021
December 12898-50166 14539-57131 255374-1174190 282810-1281487

2023
January 13209-51376 14889-58509 260532-1204260 288630-1314145
February 12959-50348 14617-57162 256607-1205970 284180-1313480
March 12484-48427 14096-54736 247510-1179250 274090-1282413
April 11974-46368 13537-52143 238414-1152550 263930-1251061
May 11491-44411 13008-49669 229062-1124450 253560-1218530
June 10912-42077 12372-46741 219966-1097720 243250-1186538
July 10731-41326 12176-45737 215645-1088220 238550-1175283
August 10489-40332 11915-44432 210926-1076940 233330-1161704
September 10221-39237 11623-43010 206605-1067440 228450-1149687
October 10377-39827 11800-43635 207355-1076140 229530-1159602
November 10541-40450 11989-44295 207354-1081720 229880-1166465
December 10696-41040 12166-44920 205203-1074050 228060-1160010

2024
January 10248-39285 11657-42879 196845-1028860 218750-1111024
February 9775-37433 11121-40725 189185-986650 210080-1064808
March 9327-35678 10613-38683 182241-949360 202180-1023721
April 9172-35059 10441-37931 178929-932550 198540-1005540
May 9008-34406 10259-37137 175752-916370 195020-987913
June 8852-33786 10087-36385 172438-899570 191380-969741
July 8697-33167 9915-35632 169126-882780 187740-951579
August 8533-32514 9732-34838 165949-866570 184210-933922
September 8377-31894 9560-34086 162635-849780 180570-915760
October 8222-31275 9388-33334 159945-835040 177550-899649
November 8058-30622 9206-32540 157535-821400 174800-884562
December 7902-30002 9034-31787 155590-811010 172530-872799
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