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Background: COVID-19 continues to disturb nearly all aspects of life, leaving us striving to reach herd immu-
nity. Currently, only weekly standardized incidence rate data per age group are publicly available, limiting
assessment of herd immunity. Here, we estimate the time-series case counts of COVID-19 among age groups
currently ineligible for vaccination in the USA.
Methods: This was a secondary analysis of publicly available data. COVID-19 case counts by age groups were
computed using incidence rate data from the CDC and population estimates from the US Census Bureau. We
also created a web-based application to allow on demand analysis.
Results: A total of 78 weeks of data were incorporated in the analysis, suggesting the highest peak in cases
within the 5−11-year age group on week ending 2021-01-09 (n = 61,095) followed by the 12-15-year age
group (n = 58,093). As of July 24, 2021, case counts in the 5-11-year age group have expanded beyond other
groups rapidly.
Discussion: This study suggests it is possible to estimate pediatric case counts of COVID-19. National agencies
should report COVID-19 time series case counts for pediatric age cohorts. These data will enhance our ability
to estimate the population at risk and tailor interventions accordingly.
© 2021 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) continues to disturb nearly
all aspects of life worldwide. Although prevention methods such as
vaccination, face coverings, hand hygiene, and surface disinfection
are effective, easy-to-institute, and readily available,1-3 recent
decreases in utilization of various interventions is concerning.4,5

Despite this, a central approach to limit disease transmission, mor-
bidity, and mortality is ensuring effective interventions are tailored
to those at risk of infection and must continue to preserve public
health.

With respect to COVID-19, we must continue to strive to meet
herd immunity even if it is difficult to achieve.6 Herd immunity
results from when a population who mix or contact one another have
sufficient immunity to prevent transmission of the agent causing the
disease. This number has been described to be at least 60% for Severe
Acute Respiratory Syndrome Coronavirus Type 2 (SARS-CoV-2), but
the actual effective herd immunity threshold is difficult to compute.
This difficulty may be explained by factors such as non-random mix-
ing of the population, ignoring completely closed or nearly isolated
populations, and an inability to determine both the longevity of
immunity and overlap between immunity from natural infection and
from vaccination. Because of these factors, we must rely on an
assumption that the currently available and highly effective vaccines
for COVID-19 provide enough long-term protection from SARS-CoV-
2 infection to meet a herd immunity once at least 60% of the popula-
tion is vaccinated.
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Currently, three vaccines are approved, or authorized for emer-
gency use for prevention of COVID-19 in the United States for various
age groups: Pfizer/BioNTech (≥12 years of age), Moderna (≥18 years
of age), and Johnson & Johnson/Janssen (≥18 years of age), with Pfizer
BioNTech being the only fully approved by the United States Food
and Drug Administration (FDA). To reach herd immunity, approval or
emergency use authorization must be provided to younger age
groups quickly, since approximately 15% (≤12 years of age) to 20%
(≤15 years of age) of the United States population is ineligible for vac-
cination from all or some of the vaccines available for adults.

To begin understanding the status of herd immunity, we must
understand immunity due to SARS-CoV-2 and know the population
who is immune and at risk. To determine the population at risk, we
need to understand the trajectory of cases, particularly across groups
ineligible for vaccine. Currently, only weekly standardized incidence
rate data per age group are publicly available,7 limiting community
assessment of herd immunity.

The objective of this study was to utilize publicly available data to
estimate the time-series case counts of COVID-19 among age groups
currently ineligible for vaccination in the United States.
Table 1
Week-on-week estimated case counts and corrected case counts with totals by age
METHODS

This was a secondary analysis of publicly available data from
week ending March 07, 2020 through August 21, 2021. To compute
case counts over time and by age group, we first obtained COVID-
19 incidence rate data per 100,000 population by age group from
the Centers for Disease Control and Prevention (CDC).7 These data
are published pre-standardized and therefore do not allow for com-
putation of total caseload directly. We then obtained calendar year
2020 and 2021 single age population estimates from the United
States Census Bureau.8 Using these two data elements, we were
able to back compute the de-standardized rate using the following
formula:

(Age-specific COVID-19 rate per 100,000 population for 2020 or 2021
* Age-specific estimated population for the same year) / 100,000.

This formula provided an estimate of the case count by age group
using the population estimates specific for the year for which the
incidence rates were published.

Next, we obtained overall (not time-series) COVID-19 case counts
by age-group from the CDC9 and computed a percent over or under-
estimate from our estimates to the actual reported data by age group.
These percentages were used to correct the weekly case counts by
adding or subtracting the specific percentage over/underestimate for
each time-period and age group.

We then computed percent changes from the prior week for each
count by age group using the formula:

((current case count − prior case count) / current case count) *100

Next, we computed herd immunity estimates for the age groups
currently ineligible for COVID-19 vaccination in the United States (0-
4 and 5-11 age groups), simulating different scenarios of under-
reporting.

Finally, we created a web-based application to allow interested
readers to visualize data.
group, United States, weeks ending March 07, 2020 through August 28, 2021

Age Group Total Reported
COVID-19
Case Count9

Estimated Case Count
(Percent Difference
from Actual)

Corrected Estimated Case
Count (Percent Difference
from Actual)

0-4 639,100 710,307 (10.0%) 693,117 (7.8%)
5-11 1,362,512 1,319,053 (-3.3%) 1,362,450 (<0.00%)
12-15 1,182,692 1,160,171 (-1.9%) 1,269,227 (6.8%)
RESULTS

A total of 78 weeks of data were incorporated in the analysis,
including week ending 2020-03-07 through 2021-08-28. Total esti-
mated case counts were close to actual case counts across the three
age groups and were closer to published data after correction for
over/under estimation except for the 12-15-year age group (Table 1).
Overall reported case counts were highest among the 5-11 age group
(n = 1,362,512) followed by the 12-15-year age group
(n = 1,182,692), and finally the 0-4-year age group (n = 693,100).
Time series plots suggest the highest peak in cases within the 5-11-
year age group on week ending January 09, 2021 (n = 61,095) fol-
lowed closely by the 12-15-year age group (n = 58,093); though inci-
dence rate during this time was higher in the 12-15-year age group.
As of approximately July 24, 2021, case counts in the 5-11-year age
group have expanded beyond 0-4 and 12-15 year age groups more
rapidly than at any other time period during the pandemic (Fig 1).

Percent change week-on-week varied substantially with a mean
percent change of 2.3% over the time series and has experience more
week-to-week variability since April 2021 (Fig 2).

Herd immunity estimates for vaccine-ineligible age groups can be
found in Table 2. Even with 100% under-reporting the level of immu-
nity due to natural infection (in the best-case scenario of perfect,
non-waning immunity from natural infection), only 4.2% of these
children are currently immune. To bring these groups to an 80%
immunity threshold, a value more realistic than prior calculations
given the increased transmissibility of the delta variant,10 there
would need to be a 1900% under-reporting bias.

The web-based tool for on-demand visualization can be found at:
https://surveillance.shinyapps.io/covid_agegroups. This tool allows
for rapid visualization of all age groups with data available for esti-
mated case counts, corrected estimated case counts, and percent dif-
ferences.

DISCUSSION

This study suggests it is possible to estimate with a reasonable
degree of accuracy, the case counts of COVID-19 in younger age
groups. Given national data repositories do not report pediatric
COVID-19 cases by age group, the practitioner’s ability to discern
risks and target intervention to reduce transmission is limited.
Beyond our estimates, in an impossible scenario of perfect non-wan-
ing immunity from infection, only 4.2% of the 0-11 aged population is
immune. Even if this estimate is 100% underestimated, it leaves a
massive at-risk population in critical need of vaccine.

Interestingly, time-series evaluation of case counts modeled each
other across the three age groups closely, suggesting proportional and
equivalent transmission and infection across age groups given the
population at risk. Percent change estimates were also nearly identical
week-on-week for all three age groups further adding credence to sim-
ilar exposure, risk, and infection profiles across age groups.

This study does not suggest that incidence rate data are not useful.
In fact, arguably for most surveillance, incidence rates are far more
useful as they account for the population at risk. A close evaluation of
the incidence rate data by age groups currently ineligible for vaccina-
tion underscores this point.7 Throughout the pandemic, the 12-15-
year old age group had higher incidence rates than did both 0-4 and
5-11 age groups, despite having lower total cases than the 5-11
cohort. However, after Pfizer BioNTech vaccine was authorized for
emergency use in the 12-15-year old age group (May 10, 2021), rates

https://surveillance.shinyapps.io/covid_agegroups


Total 0−4 years: 693,117 
Total 5−11 years: 1,362,450 

Total 12−15 years: 1,269,227 
Grand Total: 3,324,794
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Fig 1. Time series plot of estimated COVID-19 case counts (corrected) by age group, United States, week ending March 07, 2020 through August 28, 2021.
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of disease between ages 5-11 and 12-15 have been much closer with
approximately 3.5% of the 12-15 year old age group currently fully
vaccinated.11

This study has limitations. Since COVID-19 surveillance is
largely passive in the United States, it is possible that underre-
porting is common.12 However, recent seroprevalence studies
among younger age groups suggest low infection rates13,14 result-
ing in an unknown impact of this factor on our estimates.
Although we were able to correct our estimates to align with the
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Fig 2. Time series plot of estimated percent difference week-on-week COVID-19 case count
28, 2021.
total reported COVID-19 cases more closely, they remain variable,
and our corrections may not be directly applicable to each weekly
report. This could bias the visualizations and/or the total counts
of those immune.

In conclusion, national agencies should consider reporting COVID-
19 time series case counts for pediatric age cohorts along with the
standardized rates. These data will enhance public health practi-
tioners’ abilities to estimate the population at risk and/or immune
and tailor interventions accordingly.
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Table 2
Herd immunity estimates for 0-4- and 5-11-year-old, COVID-19 vaccine ineligible age cohorts through week ending August 28, 2021

Percent Under Reporting

0% 10% 25% 50% 75% 100%

Age
Group

Projected 2021
Population

Total Reported
COVID-19 Case
Count (Percent of
Population Immune)

Estimated Case
Count (Percent
of Population
Immune)

Estimated Case
Count (Percent
of Population
Immune)

Estimated Case
Count (Percent
of Population
Immune)

Estimated Case
Count (Percent
of Population
Immune)

Estimated Case
Count (Percent
of Population
Immune)

Estimated Case
Count (Percent
of Population
Immune)

0-4 20,601,023 639,100 (3.1) 671,055 (3.3) 7030,10 (3.4) 798,875 (3.9) 958,650 (4.7) 1,118,425 (5.4) 1,278,200 (6.2)
5-11 28,368,818 1,362,512 (4.8) 1,430,638 (5.0) 1,498,763 (5.3) 1,703,140 (6.0) 2043,768 (7.2) 2,384,396 (8.4) 2,725,024 (9.6)
Total 48,969,841 2,055,612 (4.2) 2,158,397 (4.4) 2,261,173 (4.6) 2,569,515 (5.3) 3,083,418 (6.3) 3,597,321 (7.4) 4,111,224 (8.4)
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