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Persons infected with HIV are more likely to transmit the

INSIDE

virus during the early stages (acute and recent) of infection,
when viral load is elevated and opportunities to implement risk
reduction are limited because persons are typically unaware of
their status (/,2). Identifying recent HIV infections (acquired
within the preceding 12 months)* is critical to understanding
the factors and geographic areas associated with transmission
to strengthen program intervention, including treatment and
prevention (2). During June 2019, a novel recent infection
surveillance initiative was integrated into routine HIV testing
services in Malawi, a landlocked country in southeastern Africa
with one of the world’s highest prevalences of HIV infection.
The objectives of this initiative were to collect data on new HIV
diagnoses, characterize the epidemic, and guide public health
response (2). New HIV diagnoses were classified as recent
infections based on a testing algorithm that included results
from the rapid test for recent infection (RTRI)S and HIV viral
load testing (3,4). Among 9,168 persons aged >15 years with
a new HIV diagnosis who received testing across 103 facilities
during October 2019—March 2020, a total of 304 (3.3%) were
classified as having a recent infection. Higher proportions of
recent infections were detected among females, persons aged
<30 years, and clients at maternal and child health and youth
clinics. Using a software application that analyzes clustering in
spatially referenced data, transmission hotspots were identified

*As defined by the HIV-1 recent infection surveillance using point-of-care test
for recent infection in Malawi protocol.
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with rates of recent infection that were significantly higher
than expected. These near real-time HIV surveillance data
highlighted locations across Malawi, allowing HIV program
stakeholders to assess program gaps and improve access to
HIV testing, prevention, and treatment services. Hotspot
investigation information could be used to tailor HIV testing,
prevention, and treatment to ultimately interrupt transmission.

During June 2019, a phased approach was used to integrate
recent infection surveillance into HIV testing services in 11 of
Malawi’s 28 districts. For persons aged 213 years who received
a new HIV diagnosis and consented to recent infection sur-
veillance, providers performed a finger prick to conduct an
RTRI using the Asante HIV-1 Rapid Recency Assay (Sedia
Biosciences). If RTRI results indicated recent infection, addi-
tional specimens were collected for viral load testing. Using
the testing algorithm for recent infections, new diagnoses were
classified as recent if RTRI results indicated a recent infection
and viral load was 21,000 copies/mL.

This analysis included 103 facilities in five districts that
carried out surveillance activities during October 2019-March
2020. These districts were selected based on availability of HIV-
testing data disaggregated by age and sex at the facility level.
Among 9,295 persons with a new diagnosis of HIV during
this period meeting eligibility criteria, 127 (1.4%) declined
participation. Two persons aged <15 years were excluded to
prevent inclusion of persons who might have been infected
through mother-to-child transmission; another four persons

who self-reported a previous HIV diagnosis or antiretroviral
therapy (ART), were also excluded. In addition, 252 persons
whose RTRI results indicated recent infection with a viral load
<1,000 copies/mL were excluded because viral suppression
likely indicated previous ART use and HIV diagnosis.
Transmission hotspots were defined as one or more facilities
in which the observed rate of recent infections was significantly
higher (p<0.05) than the expected rate. Transmission hotspot
analysis was conducted using SaTScan software (version 9.6;
Harvard Medical School) via spatial scan statistic in a Poisson
probability model to identify clustering of facilities, using facil-
ity geographic coordinates, with significantly higher diagnosis
rates of recent HIV infection compared with what was expected
based on the overall rate of recent infection (5,6). Rates of
recent infection were calculated as the number of recent HIV
infections per 100,000 persons at risk for HIV (total number
of recent infections plus the total number of negative HIV
tests). Relative risks were calculated as the risk for recent infec-
tion among facilities inside a given hotspot compared with
the risk outside of the hotspot. Facilities reported the total
number of HIV negative test results quarterly. Because not all
facilities were collecting recent infection surveillance data by
October 1, 2019, the number of total HIV-negative tests was
adjusted proportionally, assuming testing uniformity across
quarters. Hotspots were ranked by probability of occurrence
based on log-likelihood and reported using the letter “P” The
analysis was adjusted for sex and age (<30 years or 230 years),
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and did not allow cluster overlap.Y A maximum cluster radius
(20 kilometers [12.4 miles]) was selected to identify smaller
hotspots and to allow response efforts to focus on facilities
that contributed most to high rates of recent infection. Given
its population density, a secondary analysis was conducted in
Blantyre district in the southern region of the country, with
a maximum radius of 5 kilometers (3.1 miles), to identify
potential micro-hotspots within this district. Hotspots from
this secondary analysis were also ranked according to the log-
likelihood and reported using the letter “S.” Statistical analyses
were conducted using R (version 3.5.0; R Foundation) to
analyze the percentage of recent HIV infections among total
tests performed, by district, age group, sex, HIV testing service
entry point, and facility urban-rural classification. This activity
was reviewed and approved by the Malawi National Health
Science Research Institutional Review Board and was reviewed
by CDC and conducted consistent with applicable federal law
and CDC policy.**

Among 9,168 new HIV diagnoses, 3.3% (304) were recent
infections (Table 1). The number of recent infections was
highest in Blantyre district (116). The percentages of new
diagnoses that were recent infections was highest in Machinga
district (6.9%) and lowest in Blantyre (2.4%) and Mangochi
(2.4%) districts. The percentage of new diagnoses that were
recent infections was highest among persons aged <30 years
(4.6%), females (4.0%), clients at youth clinics (12.8%) and
maternal/child health clinics (6.3%) and those who received
a diagnosis in rural facilities (3.8%).

Spatial analyses identified six transmission hotspots: three
in the primary analysis (P) and three in the secondary analysis
(S) (Table 2) (Figure). In the primary analysis, the median age
(range = 26-30 years) of persons with recent infection was
similar across hotspots. Hotspot P1 was in Blantyre district, a
mostly urban area that includes four facilities within a radius
of 10.2 kilometers (6.3 miles). The recent infection rate in
Blantyre district was 575 per 100,000 persons at risk for HIV
(relative risk [RR] = 3.1; p <0.001); the highest percentage of
recent infections occurred among females (81.5%). Hotspot P2
included four facilities located across the border of Machinga
and Zomba districts within a radius of 16.1 kilometers (9.9
miles), but were primarily in Machinga district, a mostly
rural area. The recent infection rate in hotspot P2 was 376
per 100,000 persons at risk (RR = 2.0; p = 0.018). Hotspot
P3 was a single facility in Blantyre with a recent infection rate
of 818 per 100,000 persons at risk (RR = 4.2; p = 0.025). In

9 Specified as no geographic overlap criteria for reporting hierarchical clusters.
** 45 C.ER. part 46; 21 C.ER. part 56.
T Rural and urban classification based on European Commission’s Global
Human Settlement categorization.

US Department of Health and Human Services/Centers for Disease Control and Prevention

TABLE 1. Demographic characteristics of persons with new HIV
diagnoses at health facilities implementing recent HIV infection
surveillance — Malawi, October 2019—March 2020

Characteristic No. of new HIV diagnoses  No. of recent infections (%)

Overall 9,168 304 (3.3)

District

Blantyre 4,770 116 (2.4)

Lilongwe 945 48 (5.1)

Machinga 1,057 73 (6.9)

Mangochi 801 19 (2.4)

Zomba 1,595 48 (3.0)

Age group, yrs

<30 3,871 177 (4.6)

>30 5,297 127 (2.4)

Sex

Male 3,655 85(2.3)

Female 5,513 219 (4.0)

Entry point

HTC or VCT 5,724 179 (3.1)

Antenatal care 820 27 (3.3)

Inpatient 560 15(2.7)
department

Maternal and 80 5(6.3)
child health

Outpatient 1,604 51(3.2)
department

Youth clinic 86 11(12.8)

Other 294 16 (5.4)

Residence

Urban 4,979 147 (3.0)

Rural 4,165 157 (3.8)

Unknown 24 0(—)

Abbreviations: HTC = HIV testing and counseling; VCT = voluntary counseling
and testing.

the secondary analysis limited to Blantyre district, hotspot S1
included two facilities that were also part of hotspot P1 of the
primary analysis, suggesting these facilities contributed most
to the high rate of recent infection in their respective locali-
ties. Hotspots S2 and S3 included facilities with significantly
elevated rates that were not identified in the primary analysis.
Median age (range = 25-30 years) and percentage of females
(range = 60%—78%) among hotspots in the secondary analysis
were similar to hotspots in the primary analysis.

Discussion

This report describes demographic characteristics of persons
with recent HIV infection and identifies geospatial hotspots of
health facilities with significantly higher rates of recent HIV
infection across five districts in Malawi. These findings were
consistent with the last national HIV household survey that
estimated high HIV incidence in persons aged 15-24 years and
females (all ages) (7). Location of the most likely hotspots in
Blantyre district, a primarily urban district, was consistent with
previous evidence from household surveys conducted in 2016
identifying Blantyre as an area with high HIV prevalence and
lower rates of viral suppression (/). Previous evidence indicated

MMWR / March 4,2022 / Vol.71 / No.9 331
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TABLE 2. Characteristics of persons with recent HIV infection in geospatial transmission hotspots among health facilities that implemented
surveillance for recent HIV infection — Malawi, October 2019—March 2020

Recent No. of
No. of No. of infection rate observed No. of
Transmission facilities personsat (per 100,000 recent expected recent RR1t Median age, % Aged % of
District* hotspot rankt (radius)  risk for HIV population)S infections? infections™ (p-value) yrs(range)’ <30yrs'  females'
Primary analysis
Blantyre 1 4(10.2 km) 4,699 575 27 9 3.1(<0.001) 26(15-38) 55.6 81.5
Machinga 2 4(16.1 km) 10,365 376 39 21 2.0(0.018) 26 (18-45) 61.5 795
and Zomba

Blantyre 3 1(—) 1,223 818 10 2 4.2 (0.025) 30(19-44) 50.0 60.0
Secondary analysis
Blantyre 1 2 (2.1 km) 2,959 608 18 6 3.1(<0.001) 29(18-36) 50.0 77.8

2 1(—) 1,223 818 10 3 3.9(0.005) 30(19-44) 50.0 60.0

3 1(—) 3,406 470 16 7 2.3(0.048) 25(19-60) 62.5 68.8

Abbreviation: RR = relative risk.

* Spatial analyses identified six transmission hotspots: three in the primary analysis and three in the secondary analysis.

 Ranked by probability of occurrence based on log-likelihood.

§ Cases per 100,000 population. Denominator for rate calculation was total persons at risk for HIV, calculated as the sum of recent infections observed and total
negative HIV test results.

1 Among recent infections included in a cluster.
** Expected number of recent infections in facilities included in a cluster based on the rate of infection across all facilities.

1 RR for recent infection among persons tested within a cluster.

that primarily rural Machinga and Zomba districts were also
areas with high prevalence but higher viral load suppression;
hotspots of recent infections suggested there might still be

Summary
What is already known about this topic?

A novel HIV infection surveillance initiative was implemented in

significant transmission (8). Investigations of these hotspots Malawi to collect data on recent HIV infections among new
should seek to understand variation in transmission dynamics diagnoses to characterize the epidemic and guide the public
between urban and rural areas that may warrant implementa- health response.

tion of a tailored response and program strengthening efforts. What is added by this report?

High proportions of females and similar median ages also war- Higher proportions of recent infections were identified among
rant further investigation into factors contributing to recent females, persons aged <30 years, and clients at maternal and
transmission in these subpopulations and potential delayed child health and youth clinics. Spatial analysis identified three

hotspots of health facilities with significantly higher rates of
recent infection than expected across five districts.

diagnoses or gaps in HIV services for males (7).
Findings from this analysis underscore important consid-

erations when examining recent HIV infection surveillance
data. Although Blantyre district had a lower percentage of Geospatial analysis of recent HIV infection surveillance data

recent infections among new HIV diagnoses (2.4%) than did can identify potential transmission hotspots. This information

h 1l Iysi lai o ial could be used to tailor program activities to strengthen HIV
the overall analysis population percentage (3.3%), geospatia testing, prevention, and treatment services and ultimately

analysis identified hotspots with significantly higher rates of interrupt transmission.
recent infection that might have otherwise gone unrecognized.
This supports the importance of using the number of recent
infections in the numerator and total recent infections plus
total negative HIV tests (total at risk) in the denominator to
identify hotspots of increased transmission (9). In addition,
triangulation of various surveillance data sources and indica-
tors of recent infection is important to understand the true
prevalence and transmission of HIV across time and space.
Moreover, geographic analyses can be conducted at various
levels rather than just administrative borders (e.g., district).
The findings in this report are subject to at least five limita-
tions. First, analysis was limited to five districts in Malawi, thus
results might not be generalizable to other settings. Second,
although only persons reporting a new HIV diagnosis were

What are the implications for public health practice?

eligible for recent infection surveillance, in the absence of
unique identifiers and case surveillance, it might not have been
possible to determine whether a person had previously received
an HIV diagnosis. Third, focusing only on HIV diagnoses
overlooks persons with HIV who do not know their status or
have not enrolled in treatment. Fourth, HIV testing frequency
and behavior might vary across populations. For this analysis,
mapping was done using health facility location, which might
not reflect client residence, where transmission occurred, or
population mobility. Future analyses could map residential-
level hotpots, while protecting client privacy. Finally, perfor-
mance of the test used to identify recent infections was assumed
to be similar across all facilities.

332 MMWR / March 4,2022 / Vol.71 / No.9 US Department of Health and Human Services/Centers for Disease Control and Prevention
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FIGURE. Geospatial transmission hotspots of recent HIV infection among health facilities implementing recent HIV infection surveillance in
(A) five districts in Malawi and (B) Blantyre district, Malawi* — October 2019—-March 2020
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* The primary analysis (A) in five districts (Blantyre, Lilongwe, Machinga, Mangochi, and Zomba) in Malawi with a 20-km (12.4-mi) maximum cluster radius identified
three HIV transmission hotspots (P1 = Blantyre, P2 = Machinga and Zomba, P3 = Blantyre [one facility]); a secondary analysis (B) focused on Blantyre district alone
with a 5-km (3.1-mi) maximum cluster radius identified three additional HIV transmission hotspots (S1, S2, S3 = all Blantyre district).

Surveillance for recent HIV infection can help identify
trends across sub-populations, map geographic areas where
transmission has occurred in the past year, detect hotspots
including facilities with higher-than-expected rates of recent
infection, and guide prevention activities (0). After identifying
a potential hotspot, investigations can include triangulation
of surveillance and HIV program data to examine data qual-
ity, collection and reporting issues, programmatic gaps, and
factors that elevate risk for infection. Hotspot investigation
information could be used to tailor HIV testing, prevention
and treatment to ultimately interrupt transmission.
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Disparities in COVID-19 Vaccination Coverage Between Urban and Rural
Counties — United States, December 14, 2020-January 31, 2022

Ryan Saeclee, PhD12; Elizabeth Zell, MStat!>23; Bhavini Patel Murthy, MDU2; Patricia Castro-Roman, MPH24; Hannah Fast, MPH!:2;
Lu Meng, PhD??2; Lauren Shaw, MS1-2; Lynn Gibbs-Scharf, MPHU2; Terence Chorba, MD26; LaTreace Q. Harris, MPH2; Neil Murthy, MD!2

Higher COVID-19 incidence and mortality rates in rural
than in urban areas are well documented (7). These dis-
parities persisted during the B.1.617.2 (Delta) and B.1.1.529
(Omicron) variant surges during late 2021 and early 2022
(1,2). Rural populations tend to be older (aged 265 years)
and uninsured and are more likely to have underlying medi-
cal conditions and live farther from facilities that provide
tertiary medical care, placing them at higher risk for adverse
COVID-19 outcomes (2). To better understand COVID-19
vaccination disparities between urban and rural populations,
CDC analyzed county-level vaccine administration data
among persons aged >5 years who received their first dose of
either the BNT162b2 (Pfizer-BioNTech) or mRNA-1273
(Moderna) COVID-19 vaccine or a single dose of the Ad.26.
COV2.S (Janssen [Johnson & Johnson]) COVID-19 vaccine
during December 14, 2020—January 31, 2022, in 50 states
and the District of Columbia (DC). COVID-19 vaccination
coverage with 21 doses in rural areas (58.5%) was lower than
that in urban counties (75.4%) overall, with similar patterns
across age groups and sex. Coverage with >1 doses varied
among states: 46 states had higher coverage in urban than in
rural counties, one had higher coverage in rural than in urban
counties. Three states and DC had no rural counties; thus,
urban-rural differences could not be assessed. COVID-19
vaccine primary series completion was higher in urban than in
rural counties. However, receipt of booster or additional doses
among primary series recipients was similarly low between
urban and rural counties. Compared with estimates from a
previous study of vaccine coverage among adults aged >18 years
during December 14, 2020-April 10, 2021, these urban-rural
disparities among those now eligible for vaccination (aged
25 years) have increased more than twofold through January
2022, despite increased availability and access to COVID-19
vaccines. Addressing barriers to vaccination in rural areas
is critical to achieving vaccine equity, reducing disparities,
and decreasing COVID-19-related illness and death in the
United States (2).

Data on COVID-19 vaccine doses administered in the
United States are reported to CDC by jurisdictions, pharma-
cies, and federal entities through immunization information
systems (IISs),* the Vaccine Administration Management
System (VAMS)," or through direct data submission.S Persons
aged =5 years with a valid county of residence in one of the

US Department of Health and Human Services/Centers for Disease Control and Prevention

50 states or DC who received their first dose of a COVID-19
vaccine¥ during December 14, 2020-January 31, 2022, and
whose deidentified data were reported to CDC were included
in the analysis.** Urban-rural comparisons could not be made
for three states (Delaware, New Jersey, and Rhode Island)
and DC because they only had urban counties. In addition,
eight counties in California with population size <20,000
were excluded because they have data-sharing restrictions on
county-level information reported to CDC. Vaccine doses
administered to persons residing in U.S. territories and freely
associated states were also excluded because jurisdictional
divisions could not be mapped to urban-rural classifications
at the county level.

Receipt of the first dose of COVID-19 vaccine was matched
by county of residence to one of six urban-rural categories
according to the 2013 National Center for Health Statistics
Urban-Rural Classification Scheme (3). To further classify
counties into two categories (urban versus rural), four of these
six categories (large central metropolitan, large fringe metro-
politan, medium metropolitan, and small metropolitan) were
combined into an urban category, and two (micropolitan and
noncore) were combined into a rural category (3).

Vaccination coverage for persons aged 25 years who received
21 doses of a 2-dose COVID-19 primary vaccination series or
asingle dose of the Janssen COVID-19 vaccine was calculated
overall and by age group (5-11, 12-17, 18-64, and 65 years),
sex, jurisdiction, and urban-rural classification (two- and six-
level). Population size was obtained by county, age group, and
sex from the U.S. Census Bureau’s 2020 Population Estimates

* 1ISs are confidential, computerized, population-based systems that collect and
consolidate vaccination data from providers in 64 public health jurisdictions
nationwide and can be used to track administered vaccines and measure
vaccination coverage. The 64 IIS jurisdictions comprise the 50 U.S. states,
five U.S. territories (American Samoa, Guam, Northern Mariana Islands,
Puerto Rico, and U.S. Virgin Islands), three freely associated states (Federated
States of Micronesia, Marshall Islands, and Palau), and six local jurisdictions
(Chicago, Illinois; Houston, Texas; New York, New York; Philadelphia,
Pennsylvania; San Antonio, Texas; and Washington, DC).

T hetps:/fwww.cdc.gov/vaccines/covid-19/reporting/vams/program-information.heml

S https://www.cdc.govivaccines/covid-19/reporting/overview/I T-systems.heml

9 Includes the first dose of a 2-dose vaccination series (Pfizer-BioNTech or
Moderna) as well as a single dose of the Janssen vaccine.

** Providers are required to document vaccination in their medical records within
24 hours of administration and in their jurisdiction’s IISs within 72 hours of
administration. A total of 5 days of observation were included to account for
any delays in reporting and transmission of records to CDC.
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Program (4). Because only the first dose of a 2-dose primary
vaccination series or the single dose for Janssen vaccine was
analyzed, the total number of doses per county was capped at
the county’s population size.™ Primary series completiond®
was also calculated and stratified by urban-rural classifica-
tion. Among those aged 212 years who had completed their
primary COVID-19 vaccination series, the proportions eligible
for a booster dose and with sufficient time to receive it,%9 as
well as the proportions of eligible persons who did and did
not receive a booster dose, were calculated and stratified by
urban-rural classification. Tests for statistical significance were

T For statistical analysis, the number of doses per county was capped at the county’s
population size minus one for a maximum vaccination coverage of 100%.

S Primary series completion is defined as receiving either both doses of a 2-dose
mRNA COVID-19 vaccination series (Pfizer-BioNTech or Moderna) or a
single dose of the Janssen vaccine. Series completion includes receipt of the
same vaccine type for both mRNA doses or mismatched products for the first
and second dose (e.g., Pfizer-BioNTech for the first dose and Moderna for
the second dose, or vice versa).

99 Eligible population is defined as persons aged 212 years who completed a primary
COVID-19 vaccination series and were eligible to receive a booster or additional
primary dose by the end of the analysis period, January 31, 2022. Those aged
12-17 years were eligible to receive their booster dose beginning January 5,
2022, and persons aged >18 years were eligible beginning November 19, 2021.
These differences in eligibility dates were accounted for in analyses by restricting
data to these eligibility dates by age. For Pfizer-BioNTech and Moderna vaccines,
the primary series must have been completed by August 31,2021 (i.e., 25 months
catlier); for Janssen recipients, 1 dose must have been received by December 1,
2021 (i.e., 2 months earlier).

not conducted because the data represent the U.S. population
(excluding eight counties in California) and were not based on
population samples. All analyses were conducted using SAS
software (version 9.4; SAS Institute). This activity was reviewed
by CDC and was conducted consistent with applicable federal
law and CDC policy.***

Overall, during December 14, 2020—January 31, 2022, rural
counties had lower first-dose vaccination coverage (58.5%) than
did urban counties (75.4%) (Table 1). Females and males had
lower first-dose coverage in rural counties (61.4% and 55.7%,
respectively) than in urban counties (77.6% and 73.2%, respec-
tively). Among all age groups, vaccination coverage with >1 doses
was lower in rural counties, with the largest absolute difference
(26.2 percentage points) among those aged 12—17 years (38.7%
rural, 64.9% urban) and the largest relative difference among
those aged 5-11 years (14.7% rural, 30.5% urban). Across
jurisdictions, vaccination coverage with =1 doses varied by
urban-rural classification. Among jurisdictions for which the
urban-rural classification could be calculated, 46 jurisdictions
had higher coverage in urban than rural counties, and one
jurisdiction (Arizona) had higher coverage in rural than urban
counties (Table 2). Primary series completion was lower in rural
counties (52.1%) than in urban counties (66.2%) (Table 3).

*** 45 C.ER. part 46.102(1)(2); 21 C.ER. part 56; 42 U.S.C. Sect. 241(d);
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

TABLE 1. COVID-19 vaccination coverage for persons aged =5 years who have received their first dose of the Moderna or Pfizer-BioNTech
vaccine or a single dose of the Janssen (Johnson & Johnson) vaccine,* by sex, age group, and urban-rural classificationt — United States,

December 14, 2020-January 31, 2022

No. (%)

Six-level urban-rural classification

Two-level urban-rural
classification

Large central Large fringe Medium Small
Characteristic Overall metropolitan metropolitan metropolitan metropolitan Micropolitan Noncore Urban Rural
Total 226,621,879 76,387,928 59,624,160 47,054,083 18,185,028 15,549,920 9,820,760 201,251,199 25,370,680
(73.1) (80.4) (76.1) (72.2) (64.4) (60.4) (55.8) (75.4) (58.5)
Sex
Male 107,681,923 36,514,502 28,228,944 22,236,671 8,633,027 7,393,069 4,675,710 95,613,144 12,068,779
(70.7) (78.7) (73.6) (69.6) (61.9) (57.6) (52.8) (73.2) (55.7)
Female 118,939,956 39,873,426 31,395,216 24,817,412 9,552,001 8,156,851 5,145,050 105,638,055 13,301,901
(75.4) (82.0) (78.6) (74.7) (66.8) (63.2) (58.8) (77.6) (61.4)
Age group, yrs
5-11 8,046,457 3,007,534 2,363,850 1,591,017 517,209 373,368 193,479 7,479,610 566,847
(28.4) (34.7) (32.5) (26.3) (20.4) (16.1) (12.5) (30.5) (14.7)
12-17 15,398,653 5,419,083 4,346,283 3,203,152 1,080,652 866,250 483,233 14,049,170 1,349,483
(61.3) (73.0) (65.4) (59.9) (48.5) (41.7) (34.2) (64.9) (38.7)
18-64 152,499,838 54,096,094 40,059,543 30,972,242 11,706,128 9,782,658 5,883,173 136,834,007 15,665,831
(75.9) (84.4) (79.1) (74.4) (65.3) (61.0) (55.7) (78.5) (58.9)
>65 50,676,931 13,865,217 12,854,484 11,287,672 4,881,039 4,527,644 3,260,875 42,888,412 7,788,519
(91.1) (93.5) (93.7) (93.0) (87.6) (85.4) (80.2) (92.7) (83.2)

* Excludes doses with state of residence reported as a territory, freely associated state, or county of residence in California with population <20,000. Completeness

of county data varied by jurisdiction.

T First doses of COVID-19 vaccine were matched by county of residence to one of six urban-rural categories according to the 2013 National Center for Health Statistics
Urban-Rural Classification Scheme (https://www.cdc.gov/nchs/data/series/sr_02/sr02_166.pdf). To further classify counties into two categories (urban versus rural),
four of these six categories were combined into urban areas (large central metropolitan, large fringe metropolitan, medium metropolitan, and small metropolitan),

and two were combined into rural areas (micropolitan and noncore).
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TABLE 2. COVID-19 vaccination coverage for persons aged =5 years who have received their first dose of the Moderna or Pfizer-BioNTech vaccine, or
a single dose of the Janssen (Johnson & Johnson) vaccine, by jurisdiction® and urban-rural classification’ — December 14, 2020-January 31,2022

Jurisdiction

Vaccination coverage, no. (%)

Overall no. (%)
with available
county-level data

Six-level urban-rural classification

Two-level urban-rural classification

Large central
metropolitan

Large fringe
metropolitan

Medium
metropolitan

Small
metropolitan

Micropolitan

Noncore

Urban

Rural

All
Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
District of
Columbia
Florida
Georgia
Hawaii
Idaho
lllinois
Indiana
lowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada
New
Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South
Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

226,621,879 (73.1) 76,387,928 (80.4) 59,624,160 (76.1) 47,054,083 (72.2) 18,185,028 (64.4) 15,549,920 (60.4) 9,820,760 (55.8)

2,757,503 (59.6)
457,999 (68.1)
4,902,381 (70.1)
1,648,929 (58.0)
30,179,535 (81.6)
4,185,782 (76.3)
3,088,922 (91.5)
742,926 (79.7)
640,686 (95.8)

15,798,256 (76.7)
5,818,300 (57.8)
1,166,364 (88.2)

989,974 (57.8)
9,268,865 (78.2)
3,927,951 (62.0)
1,995,392 (67.2)
1,889,944 (69.2)
2,679,957 (63.7)
2,641,765 (60.7)
1,108,287 (86.1)
4,826,509 (84.7)
5,706,211 (87.2)
5,826,988 (61.9)
3,830,405 (72.1)
1,679,842 (60.3)
3,582,610 (61.9)

632,670 (62.0)
1,117,283 (61.8)
2,098,894 (71.1)
1,193,635 (91.6)

7,314,550 (87.4)
1,604,088 (80.7)
15,684,228 (86.0)
7,803,797 (78.1)
429,616 (60.3)
6,925,142 (62.9)
2,502,179 (67.1)
3,093,299 (76.9)
9,420,480 (77.9)
850,640 (84.8)
3,115,559 (63.2)

602,302 (72.4)
3,996,653 (61.7)
17,422,544 (63.6)
2,175,366 (72.3)
510,091 (85.7)
5,802,571 (71.8)
5,661,229 (78.2)
1,098,194 (64.8)
3,909,379 (71.0)
315,207 (57.5)

455,302 (74.2)
_§

2,893,327 (67.2)

8

19,997,305 (85.1)
586,633 (84.6)
748,852 (88.9

_$

640,686 (95.8)

5,897,602 (82.8)

676,861 (66.5)
8

8
4,100,438 (85.3)

591,225 (65.9)
_$

8

558,304 (77.5)
303,080 (82.5)
]

418,821 (76.1
697,974 (91.7
1,381,910 (61.6
1,387,321 (81.5
8

688,006 (73.1)
5

§

1,566,670 (72.0)
_$

1,750,970 (92.5)
_$

8,401,387 (90.2)
1,935,906 (91.3)
_$

2,244,625 (71.1)
618,215 (82.7)
708,636 (91.4)
2,315,543 (88.2)
494,329 (82.3)

§

5

1,100,667 (72.4)
8,869,150 (68.5)
876,508 (80.8)
_s

890,652 (71.6)
1,936,717 (90.1)
5

654,306 (74.2)
8

221,709 (47.0)
_§

278,396 (61.2)
24,271 (55.1)
3,877,313 (78.7)
1,679,502 (78.9)
259,254 (86.5)
448,379 (84.6)

§

4,508,848 (78.2)

2,805,562 (59.7)
8

_8

3,117,807 (80.6)
1,405,574 (68.3)
_$

708,348 (84.2)
429,089 (65.4)
590,214 (71.3)
_8

3,967,335 (87.9
3,659,320 (91.9
1,823,505 (64.6
1,114,942 (69.0,
162,000 (63.8
1,557,395 (69.1

8
§

393,877 (93.2)

4,786,993 (86.2)

8

956,059 (70.6)
_8

1,540,587 (65.1)
381,909 (65.1)
903,139 (80.5)
3,001,055 (85.3)
356,311 (88.5)
246,655 (61.9)

8

804,507 (61.3)
3,451,074 (62.3)
45,977 (66.7)
8

3,414,756 (76.5
1,596,654 (75.5
41,649 (76.3

635,142 (71.5
8

823,384 (66.2)
254,919 (68.8)
815,028 (81.1)
887,427 (63.8)
5,036,170 (75.1)
1,274,961 (76.2)
1,927,679 (93.4)
180,672 (78.6)
_$§

4,160,855 (71.2)
685,239 (60.1)
833,497 (92.1)
459,601 (63.4)
582,524 (68.8)
582,136 (63.0)
847,442 (73.0)
399,033 (65.6)
474,368 (69.0)
958,914 (58.3)
489,231 (94.5)
215,045 (68.3)

1,174,555 (85.1)
990,899 (63.7)
164,688 (73.9)
583,623 (63.8)
256,709 (54.9)

_s
797,578 (73.1)
345,349 (76.1)
361,471 (91.0)

603,833 (86.7)
723,609 (82.7)
1,353,652 (78.8)
2,815,151 (79.9)
_$5

1,790,442 (63.5)
695,416 (67.7)
570,920 (73.6)
2,588,460 (74.7)
§

2,108,729 (63.5)

_8§

1,057,733 (64.2)
2,947,901 (68.8)
870,732 (70.0)
_§

393,085 (61.8)
971,606 (70.8)
206,145 (66.3)
793,672 (80.9)

§

696,028 (56.4)
63,589 (71.6)
628,677 (70.1)
175,592 (49.6)
790,163 (70.7)
183,689 (59.7)
§

113,875 (66.0)
_8§

854,221 (72.5)
818,217 (54.8)
127,790 (80.7)
237,160 (54.1)
666,813 (67.6)
647,621 (59.3)
438,094 (69.6)
285,569 (65.9)
247,934 (58.1)
437,889 (53.3)
198,983 (80.5)
124,839 (71.5)
113,507 (34.9)
640,707 (59.3)
425,982 (70.7)
82,810 (58.6)
386,917 (57.1)
228,239 (64.0)
53,722 (52.7)
40,393 (76.4)
5

172,754 (76.7)
413,490 (88.1)
627,694 (79.5)
657,630 (73.8)
236,356 (65.4)
241,601 (52.5)
89,297 (75.5)
482,396 (69.0)
724,186 (64.7)
_5

352,130 (69.4)

315,121 (76.2)
307,777 (56.0)
827,824 (47.8)
184,278 (62.8)
185,762 (88.2)
513,580 (67.8)
652,690 (74.4)
462,288 (67.5)
927,701 (69.6)
101,453 (59.6)

267,428 (53.9)

35,442 (82.1)
203,258 (85.9)
282,910 (53.4)
363,889 (68.2)
276,592 (72.7)
153,137 (88.9)

]

215,083 (61.3)
470,916 (49.5)
205,077 (78.9)
227,660 (55.3)
491,120 (61.4)
490,631 (52.2)
286,111 (62.4)
300,857 (60.9)
455,933 (56.4)
191,525 (52.8)

94,230 (80.6)

49,943 (76.4)

60,355 (71.7)
626,474 (58.3)
416,618 (66.3)
510,014 (58.7)
333,686 (49.7)
202,588 (62.9)
129,210 (42.5)
130,281 (54.4)
394,069 (90.4)

_§

406,316 (72.9)
634,961 (69.1)
1,036,172 (68.7)
88,397 (52.1)
920,736 (51.6)
440,229 (59.1)
361,879 (65.8)
583,977 (59.2)
_5

240,259 (56.9)

152,801 (69.7)
422,790 (50.9)
765,416 (49.9)
116,968 (65.5)
194,964 (84.5)
142,629 (58.1)
391,498 (68.1)
173,245 (62.5)
469,365 (63.6)
142,281 (62.4)

293,652 (51.5)
104,049 (61.1)
83,695 (86.7)
278,729 (53.1)
114,695 (67.3)
184,405 (61.6)
_5

_85
_8§

161,647 (48.4)
361,505 (47.6)
5

65,553 (47.8)
310,163 (56.3)
210,764 (49.1)
423,745 (58.6)
196,137 (55.5)
514,329 (56.6)
160,143 (49.1)
325,843 (80.5)
50,526 (65.3)
500 (4.7)
363,493 (57.6)
320,854 (59.2)
341,395 (56.3)
359,897 (46.6)
201,843 (59.1)
136,773 (43.9)
16,201 (53.3)
44,218 (93.2)

_85

60,673 (70.6)
237,481 (65.1)
402,879 (67.6)
104,863 (57.9)
187,151 (44.7)
277,113 (55.1)
66,329 (67.6)
207,259 (54.6)
_§

167,786 (60.3)

134,380 (67.2)
303,179 (49.1)
561,179 (41.4)

80,903 (58.2)
129,365 (84.2)
447,869 (60.8)
112,064 (71.4)
214,867 (58.7)
429,193 (62.6)

71,473 (47.6)

201,251,199 (75.4) 25,370,680 (58.5)

2,196,423 (61.6)
318,508 (69.4)
4,615,428 (69.3)
1,087,290 (60.7)
29,700,951 (81.9)
3,724,785 (77.5)
2,935,785 (91.6)
742,926 (79.7)
640,686 (95.8)

15,421,526 (77.4)
4,985,879 (59.7)
961,287 (90.4)
696,761 (59.9)
8,467,582 (80.6)
3,226,556 (64.9)
1,285,536 (71.8)
1,392,950 (74.0)
1,709,695 (68.7)
2,290,097 (62.6)
688,214 (90.0)
4,726,040 (85.1)
5,645,356 (87.6)
4,837,021 (62.8)
3,092,933 (74.7)
828,433 (63.2)
2,889,027 (66.6)
228,239 (64.0)
851,300 (71.3)
1,952,412 (72.7)
755,348 (92.1)

7,314,550 (87.4)
1,137,099 (84.6)
14,811,786 (87.4)
6,364,746 (80.7)
236,356 (65.4)
5,817,255 (66.1)
1,784,837 (72.0)
2,665,091 (79.0)
8,629,244 (80.4)
850,640 (84.8)
2,707,514 (64.1)

315,121 (76.2)
3,270,684 (65.0)
16,095,949 (65.7)
1,977,495 (73.5)
185,762 (88.2)
5,212,073 (73.4)
5,157,667 (79.2)
710,082 (67.6)
3,010,821 (73.8)
101,453 (59.6)

561,080 (52.6)
139,491 (65.4)
286,953 (86.1)
561,639 (53.3)
478,584 (68.0)
460,997 (67.8)
153,137 (88.9)

_$§

376,730 (55.0)
832,421 (48.7)
205,077 (78.9)
293,213 (53.4)
801,283 (59.3)
701,395 (51.3)
709,856 (60.1)
496,994 (58.6)
970,262 (56.5)
351,668 (51.0)
420,073 (80.5)
100,469 (70.4)

60,855 (64.2)
989,967 (58.1)
737,472 (63.0)
851,409 (57.7)
693,583 (48.1)
404,431 (60.9)
265,983 (43.2)
146,482 (54.3)
438,287 (90.7)

_85

466,989 (72.6)
872,442 (68.0)
1,439,051 (68.4)
193,260 (55.1)
1,107,887 (50.3)
717,342 (57.5)
428,208 (66.1)
791,236 (58.0)
5

408,045 (58.3)

287,181 (68.6)
725,969 (50.1)
1,326,595 (45.9)
197,871 (62.3)
324,329 (84.4)
590,498 (60.1)
503,562 (68.8)
388,112 (60.4)
898,558 (63.1)
213,754 (56.5)

* Excludes doses with state of residence reported as a territory, freely associated state, or county of residence in California with population <20,000. Completeness of county data varied
by jurisdiction.

* First doses of COVID-19 vaccine were matched by county of residence to one of six urban-rural categories according to the 2013 National Center for Health Statistics Urban-Rural Classification
Scheme (https://www.cdc.gov/nchs/data/series/sr_02/sr02_166.pdf). To further classify counties into two categories (urban versus rural), four of these six categories were combined into
urban areas (large central metropolitan, large fringe metropolitan, medium metropolitan, and small metropolitan), and two were combined into rural areas (micropolitan and noncore).

§ State has no counties at this level of urban-rural classification.
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TABLE 3. COVID-19 vaccine series completion* and receipt of booster or additional dose among eligible population,t by urban-rural
classifications — United States, December 14, 2020-January 31, 2022

No. (%)

Two-level urban-rural

Six-level urban-rural classification classification

Large central  Large fringe Medium Small
Characteristic Overall metropolitan metropolitan metropolitan metropolitan Micropolitan Noncore Urban Rural
Completed 199,221,855 66,993,451 52,606,393 40,925,558 16,107,552 13,783,465 8,805,436 176,632,954 22,588,901
series* (64.2) (70.5) (67.2) (62.8) (57.0) (53.6) (50.0) (66.2) (52.1)
Eligible for
booster doset 151,089,493 49,090,381 39,909,203 32,033,567 12,472,784 10,892,636 6,690,922 133,505,935 17,583,558
Received booster or additional dose
Yes 75,983,349 24,689,986 20,439,141 15,878,242 6,244,751 5,343,170 3,388,059 67,252,120 8,731,229
(50.3) (50.3) (51.2) (49.6) (50.1) (49.1) (50.6) (50.4) (49.7)
No 75,106,144 24,400,395 19,470,062 16,155,325 6,228,033 5,549,466 3,302,863 66,253,815 8,852,329
(49.7) (49.7) (48.8) (50.4) (49.9) (50.9) (49.4) (49.6) (50.3)

* Persons aged =5 years who received a single dose of Janssen (Johnson & Johnson) vaccine or 2 doses of an mRNA vaccine (Pfizer-BioNTech or Moderna). This includes
those who received the same vaccine type for both mRNA vaccine doses, as well as those who received heterologous products for the first and second dose (e.g.,
Pfizer-BioNTech for first dose and Moderna for the second dose, or vice versa). Excludes doses with state of residence reported as a territory, freely associated state,
or county of residence in California with population <20,000. Completeness of county data varied by jurisdiction.

t Eligible population is defined as persons aged =12 years who completed a primary COVID-19 vaccination series and were eligible to receive a booster or additional
primary dose by the end of the analysis period, January 31, 2022. For Pfizer-BioNTech and Moderna, the primary series must have been completed by August 31,
2021 (i.e., =5 months earlier); for Janssen recipients, 1 dose must have been received by December 1, 2021 (i.e., 22 months earlier). Excludes residents in Texas and
persons aged <18 years from Idaho.

5 Doses of COVID-19 vaccine were matched by county of residence to one of six urban-rural categories according to the 2013 National Center for Health Statistics
Urban-Rural Classification Scheme (https://www.cdc.gov/nchs/data/series/sr_02/sr02_166.pdf). To further classify counties into two categories (urban versus rural),
four of these six categories were combined into urban areas (large central metropolitan, large fringe metropolitan, medium metropolitan, and small metropolitan),

and two were combined into rural areas (micropolitan and noncore).

Receipt of booster or additional doses among those eligible was
similar between urban (50.4%) and rural counties (49.7%).

Discussion

Across the United States, COVID-19 vaccination coverage
was lower in rural counties than in urban counties, and this
disparity persisted across sex and age groups. Compared with
estimates from a previous study of vaccine coverage among
adults aged >18 years during December 14, 2020-April 10,
2021, these urban-rural disparities among those now eligible
(persons aged 5 years) for vaccination have increased overall
and across sex and age groups, despite increased availability
and access to COVID-19 vaccines (5). During December 14,
2020-April 10, 2021, urban-rural differences in first-dose
COVID-19 vaccination coverage among adults aged >18 years
were 6.8 percentage points (5); this gap has increased more
than twofold to 16.9 percentage points in the current analysis
among persons aged 25 years.

Various factors might have contributed to these increasing
disparities. First, access to health care remains challenging in
rural counties. Before the pandemic, persons in rural areas were
more likely to report not having enough health care providers
or hospitals to serve the community compared with persons
living in urban areas, which might pose access issues for rural
Americans seeking COVID-19 vaccination (6). Second, varia-
tions in views regarding the seriousness of COVID-19 infection

338 MMWR / March 4,2022 / Vol.71 / No.9

and intention to implement COVID-19 prevention strate-
gies exist and are often shaped by sociocultural identities and
political ideologies that vary across the urban-rural continuum
(7). Third, vaccine hesitancy has been historically higher in
rural ™" than urban areas for routinely recommended vaccines
and continues to drive lower COVID-19 vaccination coverage
in rural areas. Adults in rural areas were nearly three times as
likely to report that they “definitely wont” get a COVID-19
vaccine than were those in urban areas (8). Targeted efforts
are critical to increase vaccine confidence to address gaps in
vaccination coverage between urban and rural communities.

Similar factors have also affected pediatric COVID-19 vac-
cination coverage. Parents in rural communities were approxi-
mately twice as likely to state that their child will “definitely
not” get a COVID-19 vaccine compared with those in urban
communities (8). Notably, 76% of parents in rural areas indi-
cated that their trusted source of vaccination information for
their children is their health care provider. However, nearly
40% of rural parents reported that their child’s pediatrician
did not recommend a COVID-19 vaccine, compared with
only 8% of parents in urban communities (8). Health care
providers remain a trusted source of information for parents,
and vaccine recommendations from a health care provider are

strong predictors of COVID-19 vaccination (9). This reported

1 heeps:/ fwww.ruralhealthinfo.org/rural-monitor/increasing-vaccination-rates/

US Department of Health and Human Services/Centers for Disease Control and Prevention
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Summary

What is already known about this topic?

COVID-19 incidence and mortality are higher in rural than
in urban communities. Disparities in COVID-19 vaccination
coverage between urban and rural communities have
been recognized.

What is added by this report?

COVID-19 vaccination coverage with the first dose of the
primary vaccination series was lower in rural (58.5%) than in
urban counties (75.4%); disparities have increased more than
twofold since April 2021. Receipt of booster or additional
doses was similarly low in both rural and urban counties.
What are the implications for public health practice?

Addressing barriers to vaccination in rural areas is critical to
achieving vaccine equity, reducing disparities, and decreasing
COVID-19-related illness and death in the United States.

disparity between urban and rural pediatricians highlights the
importance of partnering with health care providers and pro-
vider organizations to reduce vaccine hesitancy and increase
vaccination coverage. Ongoing joint efforts by the CDC, local
and state health departments, and other local partners through
the Vaccinate with Confidence®® initiative are designed to
enhance trust and vaccine confidence in rural areas.

Some exceptions to the general trends were observed in this
study. Although vaccination coverage was nearly universally
higher in urban than rural counties, Arizona was the only state
where coverage in rural counties was higher than that in urban
counties; the reasons for this finding are not well understood.
Rapid research will be important to identify and implement
innovative approaches to bridge the gap in coverage between
urban and rural counties. Despite pronounced urban-rural
differences being noted in first dose COVID-19 vaccination
coverage, receipt of booster or additional doses among those
eligible was similarly low in urban and rural counties. Although
booster doses for adolescents aged 12—17 years were authorized
for only approximately 3 weeks during this study period (which
might account for low booster dose coverage in this age group),
all other age groups had more time to receive booster vaccina-
tion. The low booster dose coverage in urban and rural counties
highlights the importance of developing and implementing
innovative strategies to promote COVID-19 vaccines among
all persons who are eligible for booster or additional doses and
to receive these doses at the recommended intervals.

98 heeps:/fwww.cdc.gov/vaccines/covid-19/vaccinate-with-confidence/strategyhtml

US Department of Health and Human Services/Centers for Disease Control and Prevention

The findings in this report are subject to at least four limi-
tations. First, eight counties with population size <20,000 in
California were excluded, which might minimally bias cover-
age estimates. Second, race and ethnicity were unknown for
approximately 35% of persons; therefore, vaccination coverage
could not be estimated based on race and ethnicity. Third,
booster doses could not be distinguished from additional
primary doses because of absence of information on the immu-
nocompromise status of vaccine recipients, which can thereby
affect the interpretation of these findings. Finally, the National
Center for Health Statistics Urban-Rural Classification was
developed in 2013, and counties once classified as rural in
2013 might no longer be rural in 2022.

Addressing barriers to vaccination in rural areas is critical to
achieving vaccine equity, reducing disparities, and decreasing
COVID-19-related illness and death in the United States.
Public health practitioners could focus on collaborating with
health care providers, pharmacies, schools, community-based
organizations, faith leaders, and local employers?4? to improve
vaccine confidence, ensure equitable vaccine access, and
encourage staying up to date with recommended COVID-19
vaccinations in rural communities (10).

999 heeps://www.cde.gov/coronavirus/2019-ncov/vaccines/recommendations/
essentialworker/workplace-vaccination-program.html
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SARS-CoV-2 B.1.1.529 (Omicron) Variant Transmission Within Households —
Four U.S. Jurisdictions, November 2021-February 2022
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On February 25, 2022, this report was posted as an MMWR
Early Release on the MMWR website (https:/fwww.cde.gov/mmuwr).

The B.1.1.529 (Omicron) variant, first detected in
November 2021, was responsible for a surge in U.S. infections
with SARS-CoV-2, the virus that causes COVID-19, during
December 2021-January 2022 (). To investigate the effec-
tiveness of prevention strategies in household settings, CDC
partnered with four U.S. jurisdictions to describe Omicron
household transmission during November 2021-February
2022. Persons with sequence-confirmed Omicron infection
and their household contacts were interviewed. Omicron
transmission occurred in 124 (67.8%) of 183 households.
Among 431 household contacts, 227 were classified as having
a case of COVID-19 (attack rate [AR] = 52.7%)." The ARs
among household contacts of index patients who had received a
COVID-19 booster dose, of fully vaccinated index patients who
completed their COVID-19 primary series within the previous
5 months, and of unvaccinated index patients were 42.7% (47
0f 110), 43.6% (17 of 39), and 63.9% (69 of 108), respectively.
The AR was lower among household contacts of index patients
who isolated (41.2%), 99 of 240) compared with those of index
patients who did not isolate (67.5%, 112 of 166) (p-value
<0.01). Similarly, the AR was lower among household contacts
of index patients who ever wore a mask at home during their
potentially infectious period (39.5%, 88 of 223) compared with
those of index patients who never wore a mask at home (68.9%,
124 of 180) (p-value <0.01). Multicomponent COVID-19 pre-
vention strategies, including up-to-date vaccination, isolation of
infected persons, and mask use at home, are critical to reducing
Onmicron transmission in household settings.

*These authors contributed equally to this report.

T 1In this investigation, a confirmed case in a household contact was defined as
having received a positive SARS-CoV-2 nucleic acid amplification test result
or antigen test result <14 days after the index date (date of the index patient’s
symptom onset or positive SARS-CoV-2 nucleic acid amplification test result
or antigen test result), and a probable case in a household contact was defined
as the presence of COVID-19—compatible symptoms during the same 14-day
period but without a positive SARS-CoV-2 test confirmation. Persons without
symptoms and who did not have a positive SARS-CoV-2 test result were not
considered to have a case of COVID-19. Analysis of AR among household
contacts excluded eight persons with unknown case status (persons for whom
it was not known whether COVID-19—compatible symptoms were present
and whether SARS-CoV-2 testing had occurred [or if testing occurred, the
results were unknown]).

US Department of Health and Human Services/Centers for Disease Control and Prevention

Persons with sequence-confirmed Omicron variant infec-
tions during November 2021-February 2022 were identified
from four U.S. jurisdictions (Chicago, Illinois; Connecticut;
Milwaukee, Wisconsin; and Utah) and contacted by telephone
to assess eligibility of the household to participate in the inves-
tigation.S A household was eligible if the index patient did
not live in a congregate setting and did live with at least one
other person for most of their potentially infectious period,
defined as 2 days before through 10 days after the index date
(the date of the index patient’s positive SARS-CoV-2 nucleic
acid amplification test result or antigen test result or symptom
onset, whichever occurred first). Index patients were defined
as the first person within each household to recently experi-
ence COVID-19—compatible symptoms? or have a positive
SARS-CoV-2 test result. Household contacts were defined as
any persons who spent one or more overnights in the residence
with the index patient during their potentially infectious
period. If it was unclear who within the household was the
index patient (e.g., if multiple persons developed COVID-19-
compatible symptoms in the household on the same day or
had the same SARS-CoV-2 exposure) or if household contacts
had confirmed or probable cases and were known to have
a SARS-CoV-2 exposure to someone other than the index
patient, the household was excluded from analyses.

Index patients and household contacts participated in volun-
tary telephone interviews to retrospectively collect information
on demographic characteristics, SARS-CoV-2 testing, symp-
toms, COVID-19 vaccination history, previous SARS-CoV-2
infection, index patient isolation practices (defined as always or
sometimes isolating in a room by oneself at any point during

SJurisdictions identified persons who were considered potentially eligible for
participation through obtaining laboratory line lists of persons who had
sequence-confirmed Omicron (B.1.1.529 lineage and its sublineages) or whose
sequencing results were pending. Two jurisdictions attempted to contact all
households on their line lists, and two jurisdictions attempted to contact
households on their line lists based on specimen collection date.

9 Persons were provided with the following list of signs and symptoms compatible
with COVID-19: fever or chills, cough, shortness of breath or difficulty breathing,
fatigue, muscle or body aches, headache, new loss of taste or smell, sore throat,
congestion or runny nose, nausea or vomiting, and diarrhea or abdominal pain
during the course of their recent illness. Persons who reported any signs or symptoms
during the course of their recent illness were considered to have COVID-19—
compatible symptoms. Persons who only had signs or symptoms (and no positive
SARS-CoV-2 test result) were considered to have a probable case.
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their potentially infectious period), and index patient mask
use practices (defined as ever wearing a mask at home during
their potentially infectious period). For this investigation, a
confirmed case in a household contact was defined as a positive
SARS-CoV-2 nucleic acid amplification test result or antigen
test result (through local or home testing)** <14 days after
the index date. A probable case in a household contact was
defined as the presence of COVID-19—compatible symptoms
in a household contact during the same 14-day period, but
without confirmation by a SARS-CoV-2 test. T Vaccination
status was based primarily on self-reportS; participants were
categorized as having received a booster dose, fully vaccinated
(<5 or =5 months before the index date), partially vaccinated,
or unvaccinated.Y

The interval between the index date and onset of symptoms
or positive test result in a household contact was calculated.
ARs among household contacts were estimated overall, by
household contact characteristics, and by index patient char-
acteristics, by dividing the number of household contacts with
confirmed and probable cases by the total number of household
contacts within a given stratum. P-values comparing differences
in stratum-specific ARs were calculated using a generalized
estimating equation approach to account for clustering by
household (2). Statistical significance was defined as p<0.05.
Subanalyses were conducted to examine potential secondary
transmission (as opposed to all household transmission); the
interval was calculated for households of two persons (index
patient and another household contact), and ARs were cal-
culated after restricting the case definition to cases identified
<7 days*** after the index date. Data were collected and man-
aged using REDCap (version 11.1.8; Vanderbilt University)

** Persons provided retrospective information about any SARS-CoV-2 testing
that they chose and were able to perform. Thus, whether someone was tested
and how many times they were tested depended on individual and social
factors. Interviewers encouraged household contacts who had not received
testing to receive testing if the telephone interview occurred <14 days after
the index date and instructed them to call back with test results. When
possible, SARS-CoV-2 testing data were supplemented with or verified using
state or jurisdiction registry data.

T Persons with probable cases included symptomatic persons who did not have
SARS-CoV-2 testing and symptomatic persons who received negative
SARS-CoV-2 test results.

S When possible, vaccination data were supplemented with or verified using
state or jurisdiction registry data.

99 Received a booster dose was defined as having received an additional dose

after completion of the primary COVID-19 vaccination series before the

index date. Fully vaccinated was defined as completion of the primary
vaccination series >2 weeks before the index date and stratified into
completion <5 months or =5 months before the index date. Some persons
who were fully vaccinated had unknown dates for completion of their primary
vaccination series. Partially vaccinated was defined as having only 1 dose of

a 2-dose series or completing the primary vaccination series <2 weeks before

the index date.

Seven days was chosen for this analysis, because 75% of cases occurred

<7 days after the index date.
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and analyzed using R (version 4.0.3; R Foundation). This
activity was reviewed by CDC and was conducted consistent
with applicable federal law and CDC policy. T

A total of 3,558 persons were considered potentially eli-
gible for participation in the investigation, among whom
jurisdictions attempted to contact 1,461 (41.1%). Of the 562
households successfully contacted, 175 (31.1%) declined to
participate, and 204 (36.3%) were excluded; 183 (32.6%) were
enrolled. 99 Enrolled households included 183 index patients
and 439 household contacts (Table). The median index patient
age was 37 years (IQR = 23-54 years). A majority of index
patients were White (59.0%, 108 of 183), and 21.3% (39 of
183) were Hispanic/Latino.

Index dates occurred during November 21, 2021—
February 3, 2022.999 Among index patients, 172 (94.0%) had
a positive SARS-CoV-2 test result (confirmed COVID-19) and
11 (6.0%) had COVID-19—compatible symptoms but with-
out SARS-CoV-2 test confirmation (probable COVID-19).
Among 439 household contacts, cases were identified in 227
(51.7%), including 178 (40.5%) confirmed and 49 (11.2%)
probable cases; among the remaining household contacts, 204
(46.5%) were classified as non—-COVID-19 patients and eight
(1.8%) as having unknown status.**** A negative SARS-CoV-2
test result was reported on the day of or after symptom onset
by 38.8% (19 of 49) of household contacts classified as having
probable COVID-19 and 68.6% (140 of 204) of those classi-
fied as not having COVID-19. The median interval between
index patient onset date and household contact onset date was
4 days (IQR = 2-7 days) (Figure 1).

Most index patients (88.4%, 152 of 172) and household
contacts (78.7%, 140 of 178) with confirmed cases reported
COVID-19—compatible symptoms. Of those with known
SARS-CoV-2 infection history, eleven (6.1%) of 181 index
patients and nine (4.7%) of 192 household contacts with
confirmed or probable COVID-19 reported a previous
SARS-CoV-2 infection.

11 45 C.ER. part 46.102(1)(2), 21 C.ER. part 56; 42 U.S.C. Sect. 241(d);
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

5 Among the 204 excluded households, 143 did not meet eligibility criteria, 47
were excluded because the index patient could not be identified, 11 were
excluded because household contacts had confirmed or probable cases and were
known to have a SARS-CoV-2 exposure other than exposure to the index
patient, and three were excluded when sequencing results (pending at the time
of interview) indicated a variant that was not Omicron. All but one of the 183
included households had sequence-confirmed Omicron; this one household
had probable Omicron through variant specific qPCR in which the specimen
had mutations consistent with the Omicron variant (K417N+ and L452R-).

999 The median interval between index date and date of interview was 24 days
(IQR = 17-29 days).

***% Case status of household contacts was unknown if the occurrence of
COVID-19-compatible symptoms was not known and if the contact’s
testing results were unknown.

US Department of Health and Human Services/Centers for Disease Control and Prevention
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Transmission occurred within 67.8% (124 of 183) of
households, and the overall AR among household contacts
with known status was 52.7% (227 of 431) (Figure 2). Similar
ARs were observed across age groups for household contacts,
including those aged 0—4 years (51.2%, 21 of 41). ARs were
high across all household contact vaccination categories but
lowest among those who received a booster dose (47.8%, 54
of 113) or were fully vaccinated <5 months before the index
date (50.0%, 14 of 28). The AR among household contacts
with previous SARS-CoV-2 infection was 40.9% (9 of 22)
compared with 59.8% (183 of 306) among those without
previous infection (p-value = 0.08).

Household contact ARs ranged from a low of 47.5% (19 of
40) when the index patient was aged 5—11 years to a high of

TABLE. Characteristics* and vaccination status of index COVID-19
patients (n = 183) and their household contacts (n =439) — four U.S.
jurisdictions, November 2021-February 2022

72.0% (18 of 25) when the index patient was aged 0—4 years.
The ARs among household contacts by index patient vaccina-
tion status were lowest among those who received a booster
dose (42.7%, 47 of 110) and those who were fully vaccinated
<5 months before the index date (43.6%, 17 of 39). The AR
was lower among household contacts of index patients who iso-
lated (41.2%, 99 of 240) compared with those of index patients
who did not isolate (67.5%, 112 of 166, p-value<0.01). The
AR was lower among household contacts of index patients
who reported ever wearing a mask at home during their
potentially infectious period (39.5%, 88 of 223) compared
with household contacts of index patients who reported never
wearing a mask at home during this period (68.9%, 124 of 180,
p-value<0.01). Subanalyses focusing on secondary household

TABLE. (Continued) Characteristics* and vaccination status of index
COVID-19 patients (n = 183) and their household contacts (n = 439) —
four U.S. jurisdictions, November 2021-February 2022

No. (column %)

Index patients, Household contacts, Total,

Characteristic n=183 n=439 N =622
Jurisdiction
Chicago, lllinois 26 (14.2) 51(11.6) 77 (12.4)
Connecticut 93 (50.8) 218 (49.7) 311 (50.0)
Milwaukee, Wisconsin 36 (19.7) 101 (23.0) 137 (22.0)
Utah 28 (15.3) 69 (15.7) 97 (15.6)
Age group, yrst
0-4 8(4.4) 41 (9.3) 49 (7.9)
5-11 11 (6.0) 51(11.6) 62 (10.0)
12-17 14(7.7) 42 (9.6) 56 (9.0)
18-64 134 (73.2) 262 (59.7) 396 (63.7)
>65 14 (7.7) 27 (6.2) 41 (6.6)
Unknown 2(1.1) 16 (3.6) 18 (2.9)
Gender
Female 95(51.9) 229(52.2) 324 (52.1)
Male 88 (48.1) 199 (45.3) 287 (46.1)
Unknown 0(—) 11(2.5) 11(1.8)
Race
White 108 (59.0) 209 (47.6) 317 (51.0)
Black 27 (14.8) 35(8.0) 62 (10.0)
Asian 15(8.2) 25(5.7) 40 (6.4)
Other/Multiple$ 16 (8.7) 33(7.5) 49 (7.9)
Unknown 17 (9.3) 137 (31.2) 154 (24.8)
Ethnicity
Non-Hispanic/Latino 130(71.0) 219 (49.9) 349 (56.1)
Hispanic/Latino 39(21.3) 98 (22.3) 137 (22.0)
Other/Unknown 14(7.7) 122 (27.8) 136 (21.9)
COVID-19 vaccination status’
Received a booster 57 (31.1) 114 (26.0) 171 (27.5)
Fully vaccinated 85 (46.4) 154 (35.1) 239 (38.4)
<5 months before 12 (6.6) 28 (6.4) 40 (6.4)
index date
>5 months before 70 (38.3) 88 (20.0) 158 (25.4)
index date
Timing of vaccination 3(1.6) 38(8.7) 41 (6.6)
unknown
Partially vaccinated 2(1.1) 15 (3.4) 17 (2.7)
Not vaccinated 36(19.7) 129 (29.4) 165 (26.5)
Unknown 3(1.6) 27 (6.2) 30(4.8)

US Department of Health and Human Services/Centers for Disease Control and Prevention

No. (column %)

Index patients, Household contacts, Total,

Characteristic n=183 n=439 N =622
Previous COVID-19 infection status

Previous infection 11 (6.0) 22 (5.0) 33(5.3)
No previous infection 170 (92.9) 306 (69.7) 476 (76.5)
Unknown 2(1.1) 111 (25.3) 113(18.2)
COVID-19 case status**

Confirmed 172 (94.0) 178 (40.5) 350 (56.3)
Probable 11 (6.0) 49(11.2) 60 (9.6)
Not a case 0(—) 204 (46.5) 204 (32.8)
Unknown 0(—) 8(1.8) 8(1.3)

* Persons self-reported their race (White, Black, Asian, American Indian or
Alaska Native, or Native Hawaiian or other Pacific Islander), ethnicity
(Hispanic/Latino or non-Hispanic/Latino), and gender (male or female) from
lists of options and had the opportunity to state another option if their race,
ethnicity, or gender was not listed.

t Age at index date was determined from date of birth or self-reported age.

8 The“other/multiple”race category included American Indian or Alaska Native,
Native Hawaiian or other Pacific Islander, another race specified by the person
not in the provided list, or multiple races.

9 Received a booster dose was defined as having received an additional dose
after completion of the primary COVID-19 vaccination series before the index
date. Fully vaccinated was defined as completion of the primary vaccination
series >2 weeks before the index date and stratified into completion <5 months
or =5 months before the index date. Some persons who were fully vaccinated
had unknown dates for completion of their primary vaccination series. Partially
vaccinated was defined as having only 1 dose of a 2-dose series or completing
the primary vaccination series <2 weeks before the index date.

** An index patient with a confirmed COVID-19 case was the first person with
a positive SARS-CoV-2 nucleic acid amplification test result or antigen test
result (through local or home testing) reported in a household. An index
patient with a probable COVID-19 case was the first person with onset of any
symptom consistent with COVID-19, but without a positive SARS-CoV-2 test
confirmation, reported in a household. A confirmed case in a household
contact was receipt of a positive SARS-CoV-2 nucleic acid amplification test
result or antigen test result (through local or home testing) reported <14 days
afterthe index date. A probable case in a household contact was the presence
of any symptom consistent with COVID-19 during the same 14-day period
but without a positive SARS-CoV-2 test confirmation.
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FIGURE 1. Interval*t between index patient onset date and household
contact onset date — four U.S. jurisdictions, November 2021-
February 2022
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* The interval was estimated by calculating the number of days between the
symptom onset or positive test result date for the index patient and that of
the household contact. For both index patients and household contacts, the
onset date was either the date of SARS-CoV-2 positive test result or date of
symptom onset, whichever occurred first.

T Transmission can occur within a household setting on the first day an index
patient is infected or on any subsequent day during which they are still
shedding viable virus.

transmission demonstrated a similar interval (median = 3 days,
IQR = 2-5) (Supplementary Figure 1, https://stacks.cdc.gov/
view/cdc/114723) and similar patterns in ARs (Supplementary
Figure 2, https://stacks.cdc.gov/view/cdc/114722).

Discussion

Omicron infection resulted in high ARs among household
contacts in this investigation, particularly among those who
lived with index patients who were not vaccinated or who did
not practice prevention measures (isolating or ever wearing a
mask at home). The estimated overall AR in this investigation
is consistent with the range of ARs observed in other Omicron
transmission studies 7T (3), and higher than those associated
with some other SARS-CoV-2 variants.S9 These findings
underscore the importance of implementation of multicom-
ponent prevention measures for reducing SARS-CoV-2 trans-
mission in household settings, including from the Omicron
variant (4).

ARs were consistently high across household contact and
index patient age groups, including those aged 0—4 years.
This age group is currently not eligible for vaccination and

T heeps:/ /www.medrxiv.org/content/10.1101/2021.12.27.21268278v1
SSSS heeps://www.medrxiv.org/content/10.1101/2022.01.09.22268984v1
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Summary
What is already known about this topic?

The SARS-CoV-2 B.1.1.529 (Omicron) variant contributed to a
surge of SARS-CoV-2 infections in the United States during
December 2021-January 2022.

What is added by this report?

In a study of household transmission in four U.S. jurisdictions,
Omicron infection resulted in high transmission among house-
hold contacts, particularly among those who lived with index
patients who were not vaccinated or who did not take measures
to reduce the risk of transmission to household contacts.

What are the implications for public health practice?

Multicomponent COVID-19 prevention strategies, including
up-to-date vaccination, isolation of infected persons, and mask
use at home, are important to reduce Omicron transmission in
household settings.

is a population in which some prevention strategies, such
as isolation and mask use, might be difficult or impractical
to implement. These findings further highlight young chil-
dren’s potential contribution to household transmission of
SARS-CoV-2, as well as their ongoing susceptibility to infec-
tion when SARS-CoV-2 is introduced in the home¥99Y (5).
These findings are subject to at least six limitations. First,
this investigation used a convenience sample of persons with
sequence-confirmed Omicron infections, and participation
in this investigation was voluntary. The small sample size,
especially for certain stratum-specific ARs, may limit overall
generalizability of the results. Households with high transmis-
sion or with more attention to public health measures may
have been more likely to participate. Second, the investiga-
tion relied primarily on self-reported data. Vaccination status
was not always verified, and the analysis did not account for
potential variations in prevention practices (e.g., frequency
of mask use). Third, COVID-19 prevention measures (vac-
cination, isolation, and mask use) are likely highly correlated
within households, and the identified risk factors might
not be independent predictors of transmission. Fourth, the
interval analysis reflected time between dates of a positive test
result or symptom onset, not date of infection, and did not
account for duration of symptoms and prevention strategies,
such as frequency of mask use. Fifth, this investigation did
not definitively distinguish between secondary and potential
tertiary cases within a household. Finally, this investigation
occurred during a period when testing and sequencing capacity
was strained and when many persons traveled and attended
gatherings, increasing the possibility that household contacts
had unknown SARS-CoV-2 exposures outside the home (6).

9999 heeps:/[www.medrxiv.org/content/10.1101/2021.08.16.21262121v2
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FIGURE 2. SARS-CoV-2 infection attack rates* among household contacts (N =431) with known case status, by household contact characteristics,t:
index patient characteristics and practices,5% and combined vaccination status** — four U.S. jurisdictions, November 2021-February 2022
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Abbreviations: Full = fully vaccinated; HC = household contact; IP = index patient; Partial = partially vaccinated; Unvacc = unvaccinated.

* Analysis of attack rates among HCs excluded persons with unknown case status or “unknown” categorization within a given stratum. 95% Cls for attack rates are
represented by error bars.

T Age at index date was determined from date of birth or self-reported age.

§ Received a booster dose was defined as having received an additional dose after completion of the primary COVID-19 vaccination series before the index date.
Fully vaccinated was defined as completion of the primary vaccination series >2 weeks before the index date and stratified into completion <5 months or =5 months
before the index date. Some persons who were fully vaccinated had unknown dates for completion of their primary vaccination series. Partially vaccinated was
defined as having only 1 dose of a 2-dose series or completing the primary vaccination series <2 weeks before the index date.

1 Persons reported their race (White, Black, Asian, American Indian or Alaska Native, or Native Hawaiian or other Pacific Islander) and ethnicity (Hispanic/Latino or non-
Hispanic/Latino) from lists of options and had the opportunity to state another option if their race or ethnicity was not listed. The “other/multiple races” category
included American Indian or Alaskan Native, Native Hawaiian or other Pacific Islander, another race specified by the person not in the provided list, or multiple races.

** Analysis for attack rates by combined vaccination status combined persons who were fully vaccinated or had received a booster dose into one category (full/
booster) and persons who were partially vaccinated or unvaccinated into another category (partial/unvacc).
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Because SARS-CoV-2 testing was not available for all house-
hold contacts, ability to detect asymptomatic infections was
limited. Without sequencing results for all household contact
cases, it was not possible to confirm that transmission occurred
from index patients to household contacts or that household
contacts were infected with the same variant.

The findings from this investigation reinforce the importance
of multi-component prevention strategies, including up-to-
date vaccination, isolation of infected persons, and mask use at
home, to reduce Omicron transmission in household settings.
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Safety Monitoring of COVID-19 Vaccine Booster Doses Among Persons Aged
12-17 Years — United States, December 9, 2021-February 20, 2022

Anne M. Hause, PhD!; James Baggs, PhD1; Paige Marquez, MSPH!; Winston E. Abara, MD!; Babatunde Olubajo, MS1; Tanya R. Myers, PhD!;
John R. Su, MD!; Deborah Thompson, MD?; Julianne Gee, MPH!; Tom T. Shimabukuro, MD!; David K. Shay, MD!

On March 1, 2022, this report was posted as an MMWR Early
Release on the MMWR website (https://www.cdc.gov/mmuwr).

As of February 20, 2022, only BNT162b2 (Pfizer-
BioNTech) COVID-19 vaccine has been authorized for use in
persons aged 12—17 years in the United States (). The Food
and Drug Administration (FDA) amended the Emergency
Use Authorization (EUA) for Pfizer-BioNTech vaccine on
December 9, 2021, to authorize a homologous* booster
dose for persons aged 16-17 years >6 months after receipt of
dose 2 (7). On January 3, 2022, authorization was expanded
to include persons aged 1215 years, and for all persons aged
212 years, the interval between dose 2 and booster dose was
shortened to =5 months (7). To characterize the safety of Pfizer-
BioNTech booster doses among persons aged 12—-17 years
(adolescents), CDC reviewed adverse events and health impact
assessments during the week after receipt of a homologous
Pfizer-BioNTech booster dose reported to v-safe, a voluntary
smartphone—based safety surveillance system for adverse events
after COVID-19 vaccination, and adverse events reported to
the Vaccine Adverse Event Reporting System (VAERS), a passive
vaccine safety surveillance system managed by CDC and FDA.
During December 9, 2021-February 20, 2022, approximately
2.8 million U.S. adolescents received a Pfizer-BioNTech booster
dose.” During this period, receipt of 3,418 Pfizer-BioNTech
booster doses were reported to v-safe for adolescents. Reactions
were reported to v-safe with equal or slightly higher frequency
after receipt of a booster dose than after dose 2, were primarily
mild to moderate in severity, and were most frequently reported
the day after vaccination. VAERS received 914 reports of
adverse events after Pfizer-BioNTech booster dose vaccination
of adolescents; 837 (91.6%) were nonserious and 77 (8.4%)
were serious. Health care providers, parents, and adolescents
should be advised that local and systemic reactions are expected
among adolescents after homologous Pfizer-BioNTech booster
vaccination, and that serious adverse events are rare.

V-safe is a voluntary, smartphone—based U.S. active safety
surveillance system established to monitor adverse events
after COVID-19 vaccination (https://vsafe.cdc.gov/en/). The
v-safe platform allows current registrants to report receipt of
a booster dose of COVID-19 vaccine and new registrants to

*Homologous refers to a booster dose of the same product administered for the
primary series.
heeps://covid.cde.gov/covid-data-tracker/#vaccination-demographic
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enter information about all doses received. Registrants aged
<15 years must be enrolled by a parent or guardian. Health
surveys are sent daily during the first week after administra-
tion of each dose and include questions about local injection
site and systemic reactions and health impacts.> CDCs v-safe
call center contacts registrants who indicate that medical care
was sought after vaccination and encourages completion of a
VAERS report, if indicated.

VAERS is a U.S. national passive vaccine safety surveillance
system managed by CDC and FDA that monitors adverse
events after vaccination (2). VAERS accepts reports from
health care providers, vaccine manufacturers, and members
of the public.y VAERS reports are classified as serious if there
are any reports of hospitalization, prolongation of hospitaliza-
tion, life-threatening illness, permanent disability, congenital
anomaly or birth defect, or death.** VAERS staff members
assign Medical Dictionary for Regulatory Activities (MedDRA)
preferred terms to the signs, symptoms, and diagnostic findings
in VAERS reports.tT Serious reports to VAERS were reviewed
by CDC physicians to form a clinical impression based on avail-
able data. Reports of myocarditis and pericarditis, rare adverse
events that have been associated with mRNA-based COVID-19
vaccines (3), after receipt of a booster vaccine were identified by a
search for selected MedDRA preferred terms; CDC staff members
attempted to collect information about clinical course and deter-
mined whether the CDC myocarditis case definition was met.5%

S Health surveys are sent for the most recent dose entered via text messages that
link to web-based surveys on days 0—7 after vaccination; then weekly through
6 weeks after vaccination; and then 3, 6, and 12 months after vaccination.

9 Health care providers are required by COVID-19 vaccine EUAs to report
certain adverse events after vaccination to VAERS, including death. https://
vaers.hhs.gov/faq.html

** VAERS reports are classified as serious based on the Code of Federal
Regulations Title 21 (https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/
cfcfr/cfrsearch.cfm?fr). Reports of serious adverse events receive follow-up by
VAERS staff to obtain additional information, including medical records and,
for reports of death, death certificates and autopsy reports, if available.

T Each VAERS report might be assigned more than one MedDRA preferred
term. A MedDRA-coded event does not indicate a medically confirmed
diagnosis. https://www.meddra.org/how-to-use/basics/hierarchy

9 Acute myocarditis was defined as presence of signs and symptoms (one or more
new or worsening of the following: chest pain/pressure/discomfort, dyspnea/
shortness of breath/pain with breathing, palpitations, or syncope; or two or
more of the following in children aged <11 years: irritability, vomiting, poor
feeding, tachypnea, or lethargy); and one or more new finding of elevated
troponin, electrocardiogram findings consistent with myocarditis, abnormal
cardiac function or wall motion on echocardiogram, cardiac magnetic resonance
imaging findings consistent with myocarditis, or histopathologic findings
consistent with myocarditis; and no other identifiable cause for these findings.
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This report assessed local and systemic reactions and health
impacts reported during the week after vaccination among
adolescent v-safe registrants who received a homologous
Pfizer-BioNTech booster dose 25 months after completion of
their primary series during December 9, 2021-February 20,
2022. The odds of reporting an adverse reaction or health
impact after dose 2 and booster dose were compared using a
multivariable generalized estimating equations model; p<0.05
was defined as statistically significant.9Y VAERS reports for
adolescents who received a Pfizer-BioNTech booster dose
during December 9, 2021-February 20, 2022, were described
by serious and nonserious classification, demographic charac-
teristics (i.e., sex and age), and MedDRA preferred terms.***
Reporting rates for myocarditis were stratified by sex and age
group. SAS software (version 9.4; SAS Institute) was used to
conduct all analyses. These surveillance activities were reviewed
by CDC and conducted consistent with applicable federal law
and CDC policy. T

Review of v-safe Data

During December 9, 2021-February 20, 2022, v-safe
recorded a total of 3,418 Pfizer-BioNTech booster doses
administered to adolescents, including 1,952 administered to
persons aged 12—15 years and 1,466 to those aged 16-17 years.
Local injection site reactions (2,802; 82.0%) and systemic
reactions (2,659; 77.8%) were frequently reported during the
week after booster dose vaccination for all adolescents (Table 1);
the most frequently reported adverse reactions were injection
site pain (2,736; 80.0%), fatigue (1,998; 58.5%), headache
(1,911; 55.9%), and myalgia (1,578; 46.2%). Reactions were
mostly mild to moderate in severity and most frequently
reported the day immediately after vaccination. Local injec-
tion site reactions were more commonly reported after booster
dose (82.0%) than dose 2 (77.8%) (p<0.001), and systemic
reactions were similarly reported after booster dose (77.8%)
and dose 2 (77.2%) (p = 0.48) (Figure).

In the week after booster dose vaccination, 20.0% (682) of
adolescents were reported as being unable to attend school
or work. Approximately 0.9% (32) of adolescents reportedly
received medical care during the week after booster dose vac-
cination; most (15; 0.4%) care was received via a clinic appoint-
ment. One (0.03%) adolescent received care at a hospital
during the week after booster dose vaccination for treatment of

99 This model adjusted for demographic variables (i.e., age, sex, race, and
ethnicity) and accounted for repeated measures among doses reported by
cach registrant.

*** This analysis excluded reports to v-safe or VAERS of persons aged 12-15
and 1617 years who were vaccinated before authorization for a booster dose
for their age group (January 3, 2022, and December 9, 2021, respectively).

1 45 C.ER. part 46, 21 C.ER. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect.
552a; 44 U.S.C. Sect. 3501 et seq.
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a new onset migraine; whether hospitalization was the result of
vaccination could not be determined. Inability to perform daily
activities was less frequently reported after receipt of the booster
dose (25.8%) than after dose 2 (28.8%) (p<0.001) (Figure),
whereas inability to work or attend school was more frequently
reported (20.0% and 9.4%, respectively) (p<0.001). Receipt of
medical care was more frequently reported after receipt of the
booster dose than dose 2 (0.9% and 0.6%, respectively); how-
ever, the difference was not statistically significant (p = 0.12).

Review of VAERS Data

During December 9, 2021-February 20, 2022, VAERS
received and processed 914 reports of adverse events after
receipt of a Pfizer-BioNTech booster dose for adolescents;
the median age was 16 years, and 459 (50.2%) reports were
for adolescent girls. Most VAERS reports were for nonserious
events (837; 91.6%); the most commonly reported nonseri-
ous events included product storage error (123; 14.7%),
dizziness (100; 12.0%), and syncope (87; 10.4%) (Table 2).
Sixty-four preliminary reports of myocarditis were received,

TABLE 1. Adverse reactions and health impacts reported to v-safe
for persons aged 12-17 years* (N = 3,418) who received a
homologous Pfizer-BioNTech COVID-19 vaccine booster dose —
United States, December 9, 2021-February 20, 2022

No. (%) reporting reaction or health
impact after receipt of a homologous
Pfizer-BioNTech vaccinet

Reported event Dose 2 Booster dose
Any local injection site reaction 2,660 (77.8) 2,802 (82.0)
Itching 250 (7.3) 252 (7.4)
Pain 2,596 (76.0) 2,736 (80.0)
Redness 287 (8.4) 350(10.2)
Swelling 483 (14.1) 644 (18.8)
Any systemic reaction 2,638(77.2) 2,659 (77.8)
Abdominal pain 318 (9.3) 291 (8.5)
Myalgia 1,399 (40.9) 1,578 (46.2)
Chills 949 (27.8) 1,115 (32.6)
Diarrhea 153 (4.5) 118 (3.5)
Fatigue 2,006 (58.7) 1,998 (58.5)
Fever 1,310 (38.3) 1,213 (35.5)
Headache 1,914 (56.0) 1,911 (55.9)
Joint pain 578 (16.9) 672(19.7)
Nausea 643 (18.8) 647 (18.9)
Rash 52(1.5) 41(1.2)
Vomiting 93 (2.7) 78 (2.3)
Any health impact 1,094 (32.0) 1,224 (35.8)
Unable to perform normal daily 986 (28.8) 881 (25.8)
activities
Unable to attend school or work 320 (9.4) 682 (20.0)
Needed medical care 21 (0.6) 32(0.9)
Telehealth 4(0.1) 6(0.2)
Clinic 4(0.1) 15 (0.4)
Emergency visit 8(0.2) 5(0.1)
Hospitalization 2(0.1) 1(0.03)

* Registrants aged <15 years must be enrolled by a parent or guardian.
T Percentage of registrants who reported a reaction or health impact at least
once during days 0-7 after vaccination.
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among which 47 were considered serious; 32 (68.1%) of these
reports were confirmed by provider interview or medical record
review to meet the CDC working definition of myocarditis.
All 32 reports were among adolescent boys and 27 (84.4%)
patients were hospitalized; as of February 20, 2022, all had
been discharged, 18 had recovered, and nine were recovering.
Among adolescent boys, the reporting rate for confirmed cases
of myocarditis after Pfizer-BioNTech booster vaccination was
11.4 per 1 million booster doses administered. No deaths were

reported to VAERS.

Discussion

This report provides findings from v-safe and VAERS data
collected during the first 7-11 weeks of administration of
homologous Pfizer-BioNTech booster doses to persons aged
12-17 years, during which time approximately 2.8 million
booster doses were administered. Among adolescents, reports
to v-safe and VAERS after receipt of a booster dose were gener-
ally similar to those previously described after a primary series
dose, reinforcing that vaccination among this population is safe
(4,5). Health care providers, parents, and adolescents should be

advised that local and systemic reactions are expected among
adolescents after Pfizer-BioNTech booster vaccination and that
serious adverse events are rare.

Reports to v-safe after receipt of a booster dose in an ado-
lescent were generally similar to those previously described for
persons aged >18 years who received a homologous booster
dose of Pfizer-BioNTech vaccine (6,7); however, reactions
among adolescents were reported to v-safe with equal or
slightly higher frequency after receipt of a booster dose than
after dose 2. Reactions reported after both dose 2 and booster
dose vaccination were mostly mild to moderate in severity.
Most were reported the day after vaccination. Inability to
attend school was more frequently reported after a booster
dose than after dose 2; however, for many in this age group,
receipt of dose 2 occurred during a period of remote learning
or summer vacation, which might have affected reporting.
Hospitalization in the week after booster dose vaccination was
reported for one adolescent with new onset migraine; whether
hospitalization was the result of COVID-19 vaccination could
not be determined.

FIGURE. Adverse reactions and health impacts reported* among persons aged 12-17 years (N = 3,274) who received a homologous
Pfizer-BioNTech COVID-19 vaccine booster, by vaccine dose — United States, December 9, 2021-February 20, 2022
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* Registrants aged <15 years must be enrolled by a parent or guardian. The odds of reporting an event after dose 2 and booster dose were compared for registrants
who completed at least one v-safe health check-in survey on days 0-7 after each vaccination using a multivariable generalized estimating equations model. This
model adjusted for demographic variables and accounted for repeated measures among doses reported by each registrant (needed medical care was not adjusted
due to small numbers); p<0.05 was considered statistically significant. All dose 2 and booster dose comparisons were statistically significant, except any systemic

reaction and needed medical care.
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TABLE 2. Reports of nonserious and serious events to Vaccine Adverse
Event Reporting System for persons aged 12-17 years (N=914) who
received a Pfizer-BioNTech COVID-19vaccine booster — United States,
December 9, 2021-February 20, 2022

Reported event No. (%) reporting

Nonserious VAERS reports

Symptom, sign, diagnostic result, or condition 837 (100.0)
(MedDRA PT¥)

Product storage error 123 (14.7)
Dizziness 100(11.9)
Syncope 87 (12.0)
Fever 75 (9.0)
No adverse event’ 70 (8.4)
Headache 69 (8.2)
Inappropriate schedule of product administration 56 (6.7)
Fatigue 55 (6.6)
Nausea 52(6.2)
Pain 52(6.2)
Expired product administered 40 (4.8)
Pain in extremity 40 (4.8)
Chest pain 39 (4.7)
Underdose 39 (4.7)
Vomiting 39(4.7)
Serious VAERS reportsS1

Clinical impression 77 (100.0)
Myocarditis 47 (61.0)
Insufficient data to make a clinical impression 10 (13.0)
Appendicitis 3(3.9)
Acute embolic stroke 2(2.6)
Anaphylaxis or allergic reaction 2(2.6)
Tachycardia 2(2.6)
Acute pancreatitis 1(1.3)
Exacerbation of existing genetic disorder 1(1.3)
Guillain-Barré syndrome 1(1.3)
Immune thrombocytopenia 1(1.3)
Injection site pain 1(1.3)
Pericardial effusion 1(1.3)
Rhabdomyolysis 1(1.3)
Severe headache 1(1.3)
Side effect of prescription medication 1(1.3)
Spontaneous tension pneumothorax 1(1.3)
Transverse myelitis 1(1.3)

Abbreviations: MedDRA = Medical Dictionary for Regulatory Activities;

PT = preferred term; VAERS = Vaccine Adverse Event Reporting System.

* Signs and symptoms in VAERS reports are assigned MedDRA PTs by VAERS
staff members. Each VAERS report might be assigned more than one
MedDRA PT, which can include normal diagnostic findings; thus, the events
listed in the table might sum to more than the total number of reports. A
MedDRA PT does not indicate a medically confirmed diagnosis.

 Reports of no adverse event were often accompanied by product storage error,
inappropriate schedule of product administration, expired product
administered, or underdose.

$ VAERS reports are classified as serious if there are any reports of hospitalization,
prolongation of hospitalization, life-threatening iliness, permanent disability,
congenital anomaly or birth defect, or death.

9 Serious reports to VAERS were reviewed by CDC physicians to form a clinical
impression. Reports of myocarditis were identified using a combination of
MedDRA PTs; in some cases, reports of myocarditis (identified by fulfilling
criteria of the CDC working case definition of myocarditis) did not have the
MedDRA PT “myocarditis” assigned to them. https://www.meddra.org/how-
to-use/basics/hierarchy
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Most (91.6%) reports to VAERS for adolescents after a
Pfizer-BioNTech booster dose were nonserious and generally
similar to those reported for this age group after primary series
vaccination (4). The most common adverse events reported
to VAERS in this age group were administration errors and
events, including dizziness, related to syncope, a vasovagal
response to vaccination that is common among adolescents
after any vaccination (8). Most reports of administration errors
mentioned that no adverse event was associated with receipt
of an incorrect dose.

Among the 64 VAERS reports of myocarditis, a rare adverse
event that has been associated with mRNA-based COVID-19
vaccines (3), after Pfizer-BioNTech booster dose vaccination
among adolescents, 32 cases were confirmed at the time of
this report. The reporting rate of confirmed cases of myocar-
ditis among adolescent boys after Pfizer-BioNTech booster
dose vaccination (11.4 per 1 million doses administered) was
lower than for dose 2 Pfizer-BioNTech vaccination for boys
aged 12-15 years (70.7 per 1 million doses administered) or
16-17 years (105.9 per 1 million doses administered) (3).
CDC will follow up on myocarditis reports at 3-6 months
after onset to assess health and functional status.

The findings in this report are subject to at least four limita-
tions. First, v-safe is a voluntary program; therefore, data might
not be representative of the vaccinated population. Second, it is
possible that vaccinees who experience an adverse event could
be more likely to respond to v-safe surveys. Third, as a passive
surveillance system, VAERS is subject to reporting biases and
underreporting, especially of nonserious events (2). Finally,
assessment of myocarditis reports to VAERS is ongoing, and
counts are subject to change.

The Advisory Committee on Immunization Practices recom-
mends that all persons aged >12 years receive a booster dose
of COVID-19 vaccine >5 months after the second dose of the
mRNA vaccine primary series (9). Preliminary safety findings
for booster doses among adolescents are generally similar to
those reported after a primary series in this age group. Health
care providers, parents, and adolescents should be advised that
local and systemic reactions are expected among adolescents
after homologous Pfizer-BioNTech booster vaccination, and
that serious adverse events are rare. CDC and FDA will con-
tinue to monitor vaccine safety and will provide updates as
needed to guide COVID-19 vaccination recommendations.

US Department of Health and Human Services/Centers for Disease Control and Prevention
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Summary
What is already known about this topic?

Adults aged >18 years reported adverse reactions less
frequently after receipt of a homologous Pfizer-BioNTech
COVID-19 booster dose than after the second primary dose.

What is added by this report?

Among persons aged 12-17 years, reactions after
Pfizer-BioNTech booster vaccination were generally mild to
moderate and transient; the frequency of local and systemic
reactions reported to v-safe after a booster dose were equal to
or slightly higher than after the second primary dose.
Myocarditis was less frequently reported after a booster dose
than a second primary dose.

What are the implications for public health practice?

Health care providers, parents, and adolescents should be
advised that local and systemic reactions are expected among
adolescents after a homologous Pfizer-BioNTech booster
vaccination and that serious adverse events are rare.
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Effectiveness of COVID-19 Pfizer-BioNTech BNT162b2 mRNA Vaccination in
Preventing COVID-19-Associated Emergency Department and Urgent Care
Encounters and Hospitalizations Among Nonimmunocompromised Children
and Adolescents Aged 5-17 Years — VISION Network, 10 States,

April 2021-January 2022
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On March 1, 2022 this report was posted as an MMWR Early
Release on the MMWR website (hitps://www.cdc.govimmuwr).

The efficacy of the BNT162b2 (Pfizer-BioNTech) vaccine
against laboratory-confirmed COVID-19 exceeded 90% in
clinical trials that included children and adolescents aged
5-11, 12-15, and 16-17 years (/-3). Limited real-world data
on 2-dose mRNA vaccine effectiveness (VE) in persons aged
12-17 years (referred to as adolescents in this report) have
also indicated high levels of protection against SARS-CoV-2
(the virus that causes COVID-19) infection and COVID-19—
associated hospitalization (4-6); however, data on VE against
the SARS-CoV-2 B.1.1.529 (Omicron) variant and duration
of protection are limited. Pfizer-BioNTech VE data are not
available for children aged 5-11 years. In partnership with
CDC, the VISION Network* examined 39,217 emergency
department (ED) and urgent care (UC) encounters and
1,699 hospitalizations™ among persons aged 5-17 years with
COVID-19-like illness across 10 states during April 9, 2021—
January 29, 2022,8 to estimate VE using a case-control test-
negative design. Among children aged 5-11 years, VE against
laboratory-confirmed COVID-19-associated ED and UC
encounters 14-67 days after dose 2 (the longest interval after
dose 2 in this age group) was 46%. Among adolescents aged
12-15 and 16-17 years, VE 14-149 days after dose 2 was 83%
and 76%, respectively; VE 2150 days after dose 2 was 38%
and 46%, respectively. Among adolescents aged 1617 years,
VE increased to 86% >7 days after dose 3 (booster dose).

*Funded by CDC, the VISION Network includes Baylor Scott & White Health
(Texas), Columbia University Irving Medical Center (New York), HealthPartners
(Minnesota and Wisconsin), Intermountain Healthcare (Utah), Kaiser
Permanente Northern California (California), Kaiser Permanente Northwest
(Oregon and Washington), Regenstrief Institute (Indiana), and University of
Colorado (Colorado).

The data in these analyses come from 306 ED and UC clinics and 164 hospitals.

S The study period at Baylor Scott and White Health began on September 11, 2021.
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VE against COVID-19-associated ED and UC encounters
was substantially lower during the Omicron predominant
period than the B.1.617.2 (Delta) predominant period among
adolescents aged 12—17 years, with no significant protec-
tion 2150 days after dose 2 during Omicron predominance.
However, in adolescents aged 16-17 years, VE during the
Omicron predominant period increased to 81% >7 days after
a third booster dose. During the full study period, including
pre-Delta, Delta, and Omicron predominant periods, VE
against laboratory-confirmed COVID-19-associated hospital-
ization among children aged 5-11 years was 74% 14-67 days
after dose 2, with wide Cls that included zero. Among ado-
lescents aged 12—15 and 16-17 years, VE 14-149 days after
dose 2 was 92% and 94%, respectively; VE 2150 days after
dose 2 was 73% and 88%, respectively. All eligible children
and adolescents should remain up to date with recommended
COVID-19 vaccinations, including a booster dose for those
aged 12-17 years.

VISION Network VE methods have been previously published
(7). In brief, eligible medical encounters were defined as ED and UC
encounters and hospitalizations among persons aged >5 years with a
COVID-19-like illness diagnosis¥ who had received SARS-CoV-2

molecular testing (primarily by reverse transcription—polymerase

9 Medical events with an encounter or discharge code consistent with COVID-19—
like illness were included, using International Classification of Disease, Ninth Revision
and International Classification of Diseases, Tenth Revision (ICD-10). Four categories
of codes were considered: 1) acute respiratory illness, including COVID-19,
respiratory failure, viral or bacterial pneumonia, asthma exacerbation, influenza,
and viral illness not otherwise specified; 2) nonrespiratory COVID-19-like illness
diagnoses including cause-unspecified gastroenteritis, thrombosis, and acute
myocarditis; 3) respiratory signs and symptoms consistent with COVID-19-like
illness, including hemoptysis, cough, dyspnea, painful respiration, or hypoxemia;
4) signs and symptoms of acute febrile illness. One code in any of the four categories
was sufficient for inclusion. Clinician-ordered molecular assays (e.g., real-time
reverse transcription—polymerase chain reaction) for SARS-CoV-2 occurring
<14 days before to <72 hours after the encounter date were included.
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chain reaction assay) during the 14 days before through 72 hours
after the encounter. For adolescents aged 16-17 years, the study
period began when COVID-19 vaccines were recommended
and became available to persons aged >16 years at each study site
(Apri-May 2021).** For children aged 5-11 years and adolescents
aged 12-15 years, the study period began 5 weeks after the Pfizer-
BioNTech vaccine was recommended for their age group.™ The
dates when the Delta and Omicron variants became predominant
(accounted for >50% of sequenced viruses) were determined for each
study site based on state and national surveillance data.5® Patients
were excluded if they 1) were vaccinated before the CDC recom-
mendation date for their age group, 2) received a third dose before
booster doses were recommended for their age group, 3) received
a booster dose <5 months after dose 2, 4) received 1 or >3 doses of
the vaccine, or 5) if <14 days had elapsed since receipt of dose 2 or
<7 days since dose 3. Patients who were likely immunocompromised
based on diagnosis codes were also excluded.¥¥ VE was estimated
using a case-control test-negative design comparing the odds of a
positive SARS-CoV-2 test result between vaccinated (received at least
2 doses 214 days earlier or 3 doses >7 days earlier) and unvaccinated
(received no doses) patients using multivariable logistic regression

** The Food and Drug Administration (FDA) issued an Emergency Use Authorization
(EUA) for the Pfizer-BioNTech vaccine for persons aged 16 years on December 11,
2020 (hetps://www.fda.gov/news-events/press-announcements/fda-takes-key-action-
fight-against-covid-19-issuing-emergency-use-authorization-first-covid-19), and
CDC recommended the Pfizer-BioNTech vaccine on December 12, 2020 (heeps:/
www.cdc.gov/media/releases/2020/s1213-covid-vaccine.html). CDC recommended
abooster dose for adolescents aged 16-17 years on December 9, 2021 (hetps://www.
cde.gov/media/releases/2021/s1208-16-17-booster.html).

Tt FDA amended the EUA for the Pfizer-BioNTech vaccine to include adolescents
aged 12-15 years on May 10, 2021 (https://www.fda.gov/news-events/press-
announcements/coronavirus-covid-19-update-fda-authorizes-pfizer-biontech-
covid-19-vaccine-emergency-use), and CDC recommended the Pfizer-BioNTech
vaccine in this age group on May 12, 2021 (https://www.cdc.gov/media/
releases/2021/s0512-advisory-committee-signing.html). FDA authorized the EUA
for the Pfizer-BioNTech vaccine for children aged 5-11 years on October 29,
2021 (https://www.fda.gov/news-events/press-announcements/fda-authorizes-
pfizer-biontech-covid-19-vaccine-emergency-use-children-5-through-11-years-
age), and CDC recommended the Pfizer-BioNTech vaccine for this age group on
November 2, 2021 (https://www.cdc.gov/media/releases/2021/s1102-
PediatricCOVID-19Vaccine.html). On January 5, 2022, CDC expanded its
recommendation for a booster 5 months after receipt of the second dose of the
Pfizer-BioNTech vaccine to include adolescents aged 12-15 years (hteps://www.
cdc.gov/media/releases/2022/s0105-Booster-Shot.html).

S Estimated date of Delta and Omicron predominance at contributing sites:
California (Delta: June 23, 2021; Omicron: December 21, 2021); Colorado
(Delta: June 3, 2021; Omicron: December 19, 2021); Indiana (Delta: June 23,
2021; Omicron: December 26, 2021); Minnesota and Wisconsin (Delta:
June 28, 2021; Omicron: December 25, 2021); New York (Delta: June 30,
2021; Omicron: December 18, 2021); Oregon and Washington (Delta:
June 30, 2021; Omicron: December 24, 2021); Texas (Delta: July 3, 2021;
Omicron: December 16, 2021); Utah (Delta: June 1, 2021; Omicron
December 24, 2021). Pre-Delta refers to the period before Delta predominance.

9 Immunocompromised status was defined using ICD-9 and ICD-10 as the
presence of discharge codes for solid malignancy, hematologic malignancy,
rheumatologic or inflammatory disorder, other intrinsic immune condition
or immunodeficiency, or organ or stem cell transplant.
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models** (7). VE was not calculated for exposure categories with
fewer than 20 encounters or with no SARS-CoV-2 test—positive
cases. A statistically significant difference in VE or distributions of
vaccination or infection status was indicated by nonoverlapping
95% Cls or standardized mean or proportion differences >0.2.
All statistical analyses were conducted using R software (version
4.1.2; R Foundation). This study was reviewed and approved by
the institutional review boards at participating sites or under a reli-
ance agreement with the Westat, Inc. institutional review board. Tt

Emergency Department and Urgent Care Encounters

Among 39,217 eligible encounters at 306 ED and UC facili-
ties, 23.4%, 46.2%, and 30.3% were among persons aged 5-11,
12-15, and 16-17 years, respectively (Table 1). Most encounters
among adolescents aged 1215 years and 16-17 years occurred
during the Delta predominant period (14,491 [79.9%] and
8,800 [74.0%], respectively); among children aged 511 years,
most (6,424 [70.0%]) occurred during the Omicron predomi-
nant period, reflecting differences in the dates when vaccines
became available for the respective age groups.

Among children aged 5-11 years, VE of 2 doses received
14-67 days earlier against COVID-19-associated ED and UC
encounters was 46% (Table 2). Among adolescents aged 12-15 and
16-17 years, VE of 2 doses 14-149 days earlier against COVID-19—
associated ED and UC encounters was 83% and 76%, respectively;
VE was significantly lower for 2 doses received 2150 days earlier
(38% and 46%, respectively). Among adolescents aged 1617 years,
VE after receipt of a third dose >7 days earlier increased to 86%,
significantly higher than the VE of 2 doses received 2150 days earlier.
The number of observations was insufficient to estimate 3-dose VE
for adolescents aged 12-15 years. Compared with the Delta pre-
dominant period, estimated 2-dose VE for adolescents aged 12-15
and 16-17 years declined significantly once Omicron became the
predominant variant: among adolescents aged 16-17 years, VE of
2 doses received 2150 days earlier against COVID-19-associated
ED and UC encounters declined from 77% during Delta pre-
dominance to a null VE (-3%) during Omicron predominance;
however, effectiveness of a third dose received >7 days earlier against
COVID-19-associated ED and UC encounters during Omicron
predominance was 81%. Among children aged 5-11 years, VE of
2 doses received 14—67 days earlier against COVID-19-associated
ED and UC encounters during Omicron predominance was 51%.

*** With a test-negative design, vaccine performance is assessed by comparing
the odds of antecedent vaccination among case-patients with acute
laboratory-confirmed COVID-19 and control-patients without acute
COVID-19. This odds ratio was adjusted for age, geographic region, calendar
time (days from January 1), and local virus circulation in the community
and weighted for inverse propensity to be vaccinated or unvaccinated.

11 45 C.ER. part 46; 21 C.ER. part 56.
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TABLE 1. Characteristics of emergency department and urgent care encounters among children aged 5-17 years with COVID-19-like illness,*
by COVID-19 Pfizer-BioNTech vaccination status™ and SARS-CoV-2 test result — 10 states, April 2021-January 2022

No. (row %) No. (row %)
Pfizer-BioNTech vaccination status .
Positive
Total no. 2 doses 2 doses 3 doses SARS-CoV-2 test
Characteristic (column %) Unvaccinated (14-149 days earlier)  (=150days earlier) (=7 days earlier) SMD' result SmD1
All ED and UC encounters 39,217 28,084 (71.6) 7,821 (19.9) 3,238 (8.3) 74 (0.2) — 9,252 (23.6) —
Variant predominance period**
Pre-Delta 955 (2.4) 851(89.1) 104 (10.9) 0(—) 0(—) 0.84 113(11.8) 0.81
B.1.617.2 (Delta) 26,048 (66.4) 17,596 (67.6) 6,496 (24.9) 1,954 (7.5) 2(0.0) 3,655 (14.0)
B.1.1.529 (Omicron) 12,214 (31.1) 9,637 (78.9) 1,221 (10.0) 1,284 (10.5) 72(0.6) 5,484 (44.9)
Site
Baylor Scott & White Health 4,408 (11.2) 3,932(89.2) 313(7.1) 163 (3.7) 0(—) 0.83 1,653 (37.5) 0.48
Columbia University 1,564 (3.9) 1,260 (80.6) 226 (14.5) 77 (4.9) 1(0.1) 510 (32.6)
HealthPartners 2,089 (5.3) 988 (47.3) 844 (40.4) 257 (12.3) 0(—) 231(11.1)
Intermountain Healthcare 12,993 (33.1) 8,314 (64.0) 3,274 (25.2) 1,372 (10.6) 33(0.3) 2,002 (15.4)
Kaiser Permanente Northern California 2,287 (5.8) 1,134 (49.6) 795 (34.8) 339(14.8) 19(0.8) 578 (25.3)
Kaiser Permanente Northwest 1,508 (3.8) 841 (55.8) 447 (29.6) 212 (14.1) 8(0.5) 354 (23.5)
Regenstrief Institute 7,374 (18.8) 6,008 (81.5) 972(13.2) 384 (5.2) 10(0.1) 2,391(32.4)
University of Colorado 6,994 (17.8) 5,607 (80.2) 950 (13.6) 434 (6.2) 3(0.0) 1,533 (21.9)
Age group, yrs
5-11 9,181 (23.4) 8,599 (93.7) 582 (6.3) 0(—) 0(—) 1.07 2,776 (30.2) 0.20
12-15 18,138 (46.2) 12,064 (66.5) 4,547 (25.1) 1,517 (8.4) 10(0.1) 3,873 (21.4)
16-17 11,898 (30.3) 7,421 (62.4) 2,692 (22.6) 1,721 (14.5) 64 (0.5) 2,603 (21.9)
Sex
Maleft 18,907 (48.2) 13,658 (72.2) 3,713 (19.6) 1,505 (8.0) 31(0.2) 0.07 4,369 (23.1) 0.03
Female 20,310 (51.7) 14,426 (71.0) 4,108 (20.2) 1,733 (8.5) 43(0.2) 4,883 (24.0)
Race/Ethnicity
Hispanic 9,316 (23.7) 7,069 (75.9) 1,662 (17.8) 571 (6.1) 14(0.2) 0.36 2,458 (26.4) 0.29
White, non-Hispanic 20,177 (51.4) 13,934 (69.1) 4,295 (21.3) 1,913 (9.5) 35(0.2) 3,888 (19.3)
Black, non-Hispanic 4,106 (10.4) 3,405 (82.9) 503(12.3) 195 (4.7) 3(0.1) 1,504 (36.6)
Other, non—Hispanic§7§ 2,987 (7.6) 1,876 (62.8) 779 (26.1) 318(10.6) 14(0.5) 718 (24.0)
Unknown 2,631 (6.7) 1,800 (68.4) 582 (22.1) 241 (9.2) 8(0.3) 684 (26.0)
Chronic respiratory condition'!
Yestt 3,183 (8.1) 2,160 (67.9) 728 (22.9) 284 (8.9) 11(0.3) 0.11 456 (14.3) 0.17
No 36,034 (91.8) 25,924 (71.9) 7,093 (19.7) 2,954 (8.2) 63(0.2) 8,796 (24.4)
Chronic nonrespiratory condition***
Yestt 1,815 (4.6) 1,260 (69.4) 372(20.5) 178 (9.8) 5(0.3) 0.05 379(20.9) 0.03
No 37,402 (95.3) 26,824 (71.7) 7,449 (19.9) 3,060 (8.2) 69 (0.2) 8,873 (23.7)

Abbreviations: ED = emergency department; ICD-9 = International Classification of Diseases, Ninth Revision; ICD-10 = International Classification of Diseases, Tenth Revision; SMD = standardized

mean or proportion difference; UC = urgent care.

* Medical events with an encounter or discharge code consistent with COVID-19-like iliness were included, using ICD-9 and ICD-10. Four categories of codes were considered: 1) acute
respiratory illness, including COVID-19, respiratory failure, viral or bacterial pneumonia, asthma exacerbation, influenza, and viral illness not otherwise specified; 2) nonrespiratory
COVID-19-like iliness diagnoses including cause-unspecified gastroenteritis, thrombosis, and acute myocarditis; 3) respiratory signs and symptoms consistent with COVID-19-like illness,
including hemoptysis, cough, dyspnea, painful respiration, or hypoxemia; and 4) signs and symptoms of acute febrile illness. One code in any of the four categories was sufficient for
inclusion. Clinician-ordered molecular assays (e.g., real-time reverse transcription-polymerase chain reaction) for SARS-CoV-2 occurring <14 days before to <72 hours after the encounter
date were included.

T Vaccination was defined as having received the listed number of doses of COVID-19 Pfizer-BioNTech BNT162b2 vaccine >14 days (for 2 doses) or >7 days (for 3 doses) before the medical
eventindex date, which was the date of respiratory specimen collection associated with the most recent positive or negative SARS-CoV-2 test result before medical event or the admission
date if testing only occurred after the admission.

$ Partners contributing data on medical events were in California (vaccine availability: April 30, 2021), Colorado (May 22, 2021), Indiana (April 27, 2021), Minnesota and Wisconsin (April 21,
2021), New York (April 27, 2021), Oregon and Washington (April 28, 2021), Texas (March 29, 2021), Utah (April 9, 2021). The study period began in September 2021 for partners located in
Texas. For adolescents aged 16-17 years, the study period began when COVID-19 vaccines became available to all persons aged >16 years at each study site. For children aged 5-11 and
persons aged 12-15 years, the study period began 5 weeks after the Pfizer-BioNTech vaccine was authorized for each age group (November 2, 2021, and May 12, 2021, respectively).

1 An absolute SMD =0.20 indicates a nonnegligible difference in variable distributions between medical events for vaccinated versus unvaccinated patients; single SMD calculated by
averaging pairwise comparisons of each vaccinated category versus unvaccinated and separately for patients with SARS-CoV-2-positive versus SARS-CoV-2-negative test results. For
example, the age SMD calculation comparing unvaccinated versus different vaccinated categories was generated by averaging the pairwise SMD calculations for unvaccinated and
2 doses (14-149 days earlier), unvaccinated and 2 doses (=150 days earlier), and unvaccinated and 3 doses (=7 days earlier). In addition, the age SMD calculation comparing negative
SARS-CoV-2 test result and positive SARS-CoV-2 test result was generated by directly calculating the SMD for negative SARS-CoV-2 test result and positive SARS-CoV-2 test result.

** Estimated date of Delta and Omicron predominance at contributing sites: California (Delta: June 23,2021; Omicron: December 21,2021); Colorado (Delta: June 3,2021; Omicron: December 19,
2021); Indiana (Delta: June 23, 2021; Omicron: December 26, 2021); Minnesota and Wisconsin (Delta: June 28, 2021; Omicron: December 25, 2021); New York (Delta: June 30, 2021; Omicron:
December 18,2021); Oregon and Washington (Delta: June 30, 2021; Omicron: December 24, 2021); Texas (Delta: July 3, 2021; Omicron: December 16, 2021); Utah (Delta: June 1,2021; Omicron
December 24, 2021). Pre-Delta refers to the period before Delta predominance.

t Indicates the reference group used for standardized mean or proportion difference calculations for dichotomous variables.

55 Other race includes Asian, Native Hawaiian or other Pacific islander, American Indian or Alaska Native, Other not listed, and multiple races.

19 Chronic respiratory condition was defined as the presence of discharge code for asthma, sleep apnea, or other lung disease using ICD-9 and ICD-10 diagnosis codes.

*** Chronic nonrespiratory condition was defined as the presence of discharge code for heart failure, ischemic heart disease, hypertension, other heart disease, stroke, other cerebrovascular disease,
diabetes type | or I, other diabetes, metabolic disease, clinical obesity, clinically underweight, renal disease, liver disease, blood disorder,immunosuppression, organ transplant, cancer, neurologic
disorder, musculoskeletal disorder, Down Syndrome, congenital heart disease, neurologic conditions, muscular dystrophy, sickle cell disease, prematurity (<24 weeks), developmental delay,
technology dependence, or chronic gastrointestinal disease/irritable bowel syndrome.
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TABLE 2. COVID-19 Pfizer-BioNTech vaccine effectiveness* against
laboratory-confirmed COVID-19-associatedt emergency department
and urgent care clinic encounters and hospitalizations among
children aged 5-17 years, by number and timing of vaccine doses®
and predominant circulating SARS-CoV-2 variant — VISION Network,
10 states, ¥ April 2021 to January 2022

TABLE 2. (Continued) COVID-19 Pfizer-BioNTech vaccine effectiveness*
against laboratory-confirmed COVID-19-associated! emergency
department and urgent care clinic encounters and hospitalizations
among children aged 5-17 years, by number and timing of vaccine
dosesS and predominant circulating SARS-CoV-2 variant — VISION
Network, 10 states," April 2021 to January 2022

SARS-CoV-2
test-positive, VE %*
Encounter type/Vaccination status  Total no. (%) (95% Cl)

ED or UC encounters during Delta or Omicron predominance, by age group

5-11yrs

Unvaccinated (Ref) 8,599 2,652 (30.8) —

2 doses (14-67 days earlier) 582 124 (21.3) 46 (24-61)
12-15yrs

Unvaccinated (Ref) 12,064 3,238 (26.8) —

2 doses (14-149 days earlier) 4,547 254 (5.6) 83 (80-85)
2 doses (=150 days earlier) 1,517 378 (24.9) 38 (28-48)
3 doses (=7 days earlier) 10 3(30) NC
16-17 yrs

Unvaccinated (Ref) 7,421 2,068 (27.9) —

2 doses (14-149 days earlier) 2,692 193(7.2) 76 (71-80)
2 doses (=150 days earlier) 1,721 329 (19.1) 46 (36-54)
3 doses (=7 days earlier) 64 13 (20.3) 86 (73-93)
ED or UC encounters, by age group and predominant variant

5-11 yrs**

Omicron predominanttt

Unvaccinated (Ref) 5,938 2,409 (40.6) —

2 doses (14-67 days earlier) 486 118 (24.3) 51 (30-65)
12-15yrs

Delta predominant’t

Unvaccinated (Ref) 9,633 1,978 (20.5) —

2 doses (14-149 days earlier) 4,060 80 (2.0) 92 (89-94)
2 doses (=150 days earlier) 798 32(4.0) 79 (68-86)
Omicron predominanttt

Unvaccinated (Ref) 2,336 1,254 (53.7) —

2 doses (14-149 days earlier) 472 174 (36.9) 45 (30-57)
2 doses (=150 days earlier) 719 346 (48.1) -2 (-25-17)
3 doses (=7 days earlier) 10 3(30.0) NC
16-17 yrs

Delta predominant**

Unvaccinated (Ref) 5,302 1,191 (22.5) —

2 doses (14-149 days earlier) 2,340 78 (3.3) 85 (81-89)
2 doses (=150 days earlier) 1,156 47 (4.1) 77 (67-84)
3 doses (=7 days earlier) 2 0(—) NC
Omicron predominanttt

Unvaccinated (Ref) 1,363 771 (56.6) —

2 doses (14-149 days earlier) 263 114 (43.4) 34 (8-53)
2 doses (=150 days earlier) 565 282 (49.9) -3 (-30-18)
3 doses (=7 days earlier) 62 13(21.0) 81 (59-91)
Hospitalizations during Delta or Omicron predominance, by age group
5-11yrs

Unvaccinated (Ref) 262 59 (22.5) —

2 doses (14-67 days earlier) 23 2(8.7) 74 (-35-95)
12-15yrs

Unvaccinated (Ref) 496 149 (30) —

2 doses (14-149 days earlier) 182 7 (3.8) 92 (79-97)
2 doses (=150 days earlier) 63 13 (20.6) 73 (43-88)
16-17 yrs

Unvaccinated (Ref) 437 136 (31.1) —

2 doses (14-149 days earlier) 150 7(4.7) 94 (87-97)
2 doses (=150 days earlier) 82 14(17.1) 88 (72-95)
3 doses (=7 days earlier) 4 1(25.0) NC

US Department of Health and Human Services/Centers for Disease Control and Prevention

Abbreviations: ED =emergency department; NC = not calculated; Ref = referent

group; UC = urgent care; VE = vaccine effectiveness.

* VE was calculated as [1 — odds ratio] x 100%, estimated using a test-negative
design, adjusted for age, geographic region, calendar time (days since
January 1, 2021), and local virus circulation (percentage of SARS-CoV-2-
positive results from testing within the counties surrounding the facility on
the date of the encounter) and weighted for inverse propensity to be
vaccinated or unvaccinated. Generalized boosted regression trees were used
to estimate the propensity to be vaccinated based on sociodemographic
characteristics, underlying medical conditions, and facility characteristics.

t Medical events with an encounter or discharge code consistent with
COVID-19-like illness were included, using International Classification of
Disease, Ninth Revision and International Classification of Diseases, Tenth
Revision. Four categories of codes were considered: 1) acute respiratory illness,
including COVID-19, respiratory failure, viral or bacterial pneumonia, asthma
exacerbation, influenza, and viral illness not otherwise specified;
2) nonrespiratory COVID-19-like illness diagnoses including cause-
unspecified gastroenteritis, thrombosis, and acute myocarditis; 3) respiratory
signs and symptoms consistent with COVID-19-like illness, including
hemoptysis, cough, dyspnea, painful respiration, or hypoxemia; and 4) signs
and symptoms of acute febrile illness. One code in any of the four categories
was sufficient for inclusion. Clinician-ordered molecular assays (e.g., real-time
reverse transcription—polymerase chain reaction) for SARS-CoV-2 occurring
<14 days before to <72 hours after the encounter date were included.

§ Vaccination was defined as having received the listed number of doses of an
mRNA-based COVID-19 Pfizer-BioNTech vaccine =14 days (for 2 doses) or
>7 days (for 3 doses) before the medical event index date, which was the
date of respiratory specimen collection associated with the most recent
positive or negative SARS-CoV-2 test result before medical event or the
admission date if testing only occurred after the admission.

9 Partners contributing data on medical events were in California (vaccine
availability: April 30,2021), Colorado (May 22, 2021), Indiana (April 27,2021),
Minnesota and Wisconsin (April 21,2021), New York (April 27,2021), Oregon
and Washington (April 28,2021), Texas (March 29,2021), Utah (April 9, 2021).
The study period began in September 2021 for partners located in Texas. For
adolescents aged 16-17 years, the study period began when COVID-19
vaccines became available to all those aged =16 years at each study site. For
children aged 5-11 and persons aged 12-15 years, the study period began
5 weeks after the Pfizer-BioNTech vaccine was authorized for each age group
(November 2, 2021, and May 12, 2021, respectively).

** VE during the period of Delta predominance was not calculated for children
aged 5-11 years because of the short eligibility interval in this age group
during that time.

1 Estimated date of Delta and Omicron predominance at contributing sites:
California (Delta: June 23, 2021; Omicron: December 21, 2021); Colorado
(Delta: June 3, 2021; Omicron: December 19, 2021); Indiana (Delta: June 23,
2021; Omicron: December 26,2021); Minnesota and Wisconsin (Delta: June 28,
2021; Omicron: December 25,2021); New York (Delta: June 30,2021; Omicron:
December 18,2021); Oregon and Washington (Delta: June 30, 2021; Omicron:
December 24,2021); Texas (Delta: July 3,2021; Omicron: December 16,2021);
Utah (Delta: June 1, 2021; Omicron December 24, 2021).

Hospitalizations

Among 1,699 eligible hospitalizations at 164 hospitals,
16.8%, 43.6%, and 39.6% were among children and adoles-
cents aged 5—11, 12—15 and 16-17 years, respectively (Table 3).
Most hospitalizations of adolescents aged 12—15 years (613
[82.7%]) and 16-17 years (476 [70.7%]) occurred during

Delta predominance, whereas two thirds of hospitalizations
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TABLE 3. Characteristics of hospitalizations among children aged 5-17 years with COVID-19-like illness* by COVID-19 Pfizer-BioNTech vaccination
statust and SARS-CoV-2 test result — 10 states,3 April 2021 to January 2022

No. (row %) No. (row %)
Pfizer-BioNTech vaccination status .
Positive
Total, no. 2 doses 2 doses 3 doses SARS-CoV-2 test

Characteristic (column %) Unvaccinated (14-149 days earlier) (=150 days earlier) (=7 days earlier) SMD' result smpf
All hospitalizations 1,699 1,195 (70.3) 355(20.9) 145 (8.5) 4(0.2) - 388 (22.8) -
Variant predominance period**
Pre-Delta 110 (6.4) 91(82.7) 19(17.3) 0(—) 0(—) 1.1 13(11.8) 0.46
B.1.617.2 (Delta) 1,184 (69.6) 812 (68.6) 288 (24.3) 84(7.1) 0(—) 224(18.9)
B.1.1.529 (Omicron) 405 (23.8) 292 (72.1) 48(11.9) 61(15.1) 4(1.0) 151(37.3)
Site
Baylor Scott & White Health 189 (11.1) 167 (88.4) 14(7.4) 7(3.7) 1(0.5) 1.4 42(22.2) 0.49
Columbia University 162 (9.5) 1 18 (72.8) 35 (21.6) 9 (5.6) 0(—) 19(11.7)
HealthPartners 40(2.3) 2(55.0) 3(325) 5(125) 0(—) 3(7.5)
Intermountain Healthcare 403 (23.7) 261 (64.8) 97 (24.1) 45(11.2) 0(—) 113 (28.0)
Kaiser Permanente Northern California 265 (15.5) 115 (43.4) 105 (39.6) 42(15.8) 3(1.1) 31(11.7)
Kaiser Permanente Northwest 57(3.3) 32(56.1) 21(36.8) 4(7.0) 0(—) 9(15.8)
Regenstrief Institute 371(21.8) 315(84.9) 37(10.0) 19(5.1) 0(—) 121 (32.6)
University of Colorado 212(12.4) 165 (77.8) 33(15.6) 14 (6.6) 0(—) 50(23.6)
Age group, yrs
5-11 285(16.8) 262 (91.9) 23(8.1) 0(—) 0(—) 1.03 61(21.4) 0.04
12-15 741 (43.6) 496 (66.9) 182 (24.6) 63 (8.5) 0(—) 169 (22.8)
16-17 673 (39.6) 437 (64.9) 150 (22.3) 82(12.2) 4(0.6) 158 (23.5)
Sex
Maleft 805 (47.3) 570(70.8) 171(21.2) 61(7.6) 3(04) 0.24 161 (20.0) 0.15
Female 894 (52.6) 625 (69.9) 184 (20.6) 84(9.4) 1(0.1) 227 (25.4)
Race/Ethnicity
Hispanic 454 (26.7) 326 (71.8) 100 (22.0) 28(6.2) 0(—) 0.53 93(20.5) 0.13
White, non-Hispanic 733 (43.1) 493 (67.3) 159 (21.7) 79(10.8) 2(0.3) 186 (25.4)
Black, non-Hispanic 242 (14.2) 193 (79.8) 31(12.8) 17 (7.0) 1(0.4) 50(20.7)
Other, non-Hispanic§§ 207 (12.1) 131 (63.3) 58 (28.0) 17 (8.2) 1(0.5) 45(21.7)
Unknown 63 (3.7) 2(82.5) 7(11.1) 4(6.3) 0(—) 14 (22.2)
Chronic respiratory condition!
Yestt 1,090 (64.1) 756 (69.4) 249 (22.8) 82(7.5) 3(03) 0.18 150 (13.8) 0.70
No 609 (35.8) 439 (72.1) 106 (17.4) 63(10.3) 1(0.2) 238(39.1)
Chronic nonrespiratory condition***
Yestt 930 (54.7) 647 (69.6) 202 (21.7) 78 (8.4) 3(0.3) 0.17 207 (22.3) 0.04
No 769 (45.2) 548(71.3) 153 (19.9) 67 (8.7) 1(0.1) 181 (23.5)

Abbreviations: ICD-9 = International Classification of Diseases, Ninth Revision; 1ICD-10 = International Classification of Diseases, Tenth Revision; SMD = standardized mean or proportion difference.
* Medical events with an encounter or discharge code consistent with COVID-19-like iliness were included, using ICD-9 and ICD-10. Four categories of codes were considered: 1) acute
respiratory illness, including COVID-19, respiratory failure, viral or bacterial pneumonia, asthma exacerbation, influenza, and viral illness not otherwise specified; 2) nonrespiratory
COVID-19-like iliness diagnoses including cause-unspecified gastroenteritis, thrombosis, and acute myocarditis; 3) respiratory signs and symptoms consistent with COVID-19-like iliness,
including hemoptysis, cough, dyspnea, painful respiration, or hypoxemia; and 4) signs and symptoms of acute febrile iliness. One code in any of the four categories was sufficient for
inclusion. Clinician-ordered molecular assays (e.g., real-time reverse transcription-polymerase chain reaction) for SARS-CoV-2 occurring <14 days before to <72 hours after the encounter
date were included.

* Vaccination was defined as having received the listed number of doses of COVID-19 Pfizer-BioNTech vaccine =14 days (for 2 doses) or =7 days (for 3 doses) before the medical event index
date, which was the date of respiratory specimen collection associated with the most recent positive or negative SARS-CoV-2 test result before medical event or the admission date if
testing only occurred after the admission.

§ Partners contributing data on medical events were in California (vaccine availability: April 30, 2021), Colorado (May 22, 2021), Indiana (April 27, 2021), Minnesota and Wisconsin (April 21,
2021), New York (April 27,2021), Oregon and Washington (April 28, 2021), Texas (March 29, 2021), Utah (April 9, 2021). The study period began in September 2021 for partners located in
Texas. For adolescents aged 16-17 years, the study period began when COVID-19 vaccines became available to all those aged =16 years at each study site. For children aged 5-11 and
persons aged 12-15 years, the study period began 5 weeks after the Pfizer-BioNTech vaccine was authorized for each age group (November 2, 2021, and May 12, 2021, respectively).

1 An absolute SMD >0.20 indicates a nonnegligible difference in variable distributions between medical events for vaccinated versus unvaccinated patients; single SMD calculated by
averaging pair-wise comparisons of each vaccinated category versus unvaccinated and separately for patients with SARS-CoV-2-positive versus SARS-CoV-2-negative test results. For
example, the age SMD calculation comparing unvaccinated versus different vaccinated categories was generated by averaging the pairwise SMD calculations for unvaccinated and
2 doses (14-149 days earlier), unvaccinated and 2 doses (=150 days earlier), and unvaccinated and 3 doses (=7 days). In addition, the age SMD calculation comparing negative SARS-CoV-2
test result and positive SARS-CoV-2 test result was generated by directly calculating the SMD for negative SARS-CoV-2 test result and positive SARS-CoV-2 test result.

** Estimated date of Delta and Omicron predominance at contributing sites: California (Delta: June 23, 2021; Omicron: December 21, 2021); Colorado (Delta: June 3, 2021; Omicron:
December 19,2021); Indiana (Delta: June 23, 2021; Omicron: December 26, 2021); Minnesota and Wisconsin (Delta: June 28,2021; Omicron: December 25,2021); New York (Delta: June 30,
2021; Omicron: December 18, 2021); Oregon and Washington (Delta: June 30, 2021; Omicron: December 24, 2021); Texas (Delta: July 3, 2021; Omicron: December 16, 2021); Utah (Delta:
June 1,2021; Omicron December 24, 2021). Pre-Delta refers to the period before Delta predominance.

1 Indicates the reference group used for SMD calculations for dichotomous variables.

55 Other race includes Asian, Native Hawaiian or other Pacific islander, American Indian or Alaska Native, Other not listed, and multiple races.

19 Chronic respiratory condition was defined as the presence of discharge code for asthma, sleep apnea, or other lung disease using ICD-9 and ICD-10 diagnosis codes.

*** Chronic nonrespiratory condition was defined as the presence of discharge code for heart failure, ischemic heart disease, hypertension, other heart disease, stroke, other cerebrovascular
disease, diabetes type | or II, other diabetes, metabolic disease, clinical obesity, clinically underweight, renal disease, liver disease, blood disorder,immunosuppression, organ transplant,
cancer, neurologic disorder, musculoskeletal disorder, Down Syndrome, congenital heart disease, neurologic conditions, muscular dystrophy, sickle cell disease, prematurity (<24 weeks),
developmental delay, technology dependence, or chronic gastrointestinal disease/irritable bowel syndrome.

356 MMWR / March 4,2022 / Vol.71 / No.9 US Department of Health and Human Services/Centers for Disease Control and Prevention



Morbidity and Mortality Weekly Report

Summary
What is already known about this topic?

Two doses of Pfizer-BioNTech vaccine provided protection
against COVID-19 in persons aged 12-17 years during Delta
predominance, but data during Omicron predominance and
among children aged 5-11 years are lacking.

What is added by this report?

Two doses protect against COVID-19-associated emergency
department and urgent care encounters among children and
adolescents. However, vaccine effectiveness (VE) was lower
during Omicron predominance and decreased with time since
vaccination; a booster dose restored VE to 81% among adoles-
cents aged 16-17 years. Overall, 2-dose VE against COVID-19-
associated hospitalization was 73%-94%.

What are the implications for public health practice?

All eligible children and adolescents should remain up to date
with recommended COVID-19 vaccinations, including a booster
dose for those aged 12-17 years.

among children aged 5-11 years (190 [66.7%)]) occurred dur-
ing Omicron predominance.

Among children aged 5-11 years, estimated VE of 2 vaccine
doses received 14—67 days earlier against COVID-19—-associated
hospitalization was 74%, with wide confidence intervals that
included zero (95% CI = -35% to 95%) (Table 2). Among
adolescents aged 12-15 and 16-17 years, VE of 2 doses
received 14-149 days earlier was 92% and 94%, respectively,
and VE of 2 doses received 2150 days earlier was 73% and
88%, respectively. Differences by time since vaccination were
not statistically significant.

Discussion

In a multistate analysis of 39,217 ED and UC encounters
with COVID-19-like illness among nonimmunocompromised
patients aged 5—17 years through January 29, 2022, estimates
of Pfizer-BioNTech VE against COVID-19-associated ED
and UC encounters varied by time since vaccination and by
predominant circulating SARS-CoV-2 variant. Among adoles-
cents aged 12—17 years during the full study period including
pre-Delta, Delta, and Omicron predominant periods, 2-dose
VE estimates were higher (76%-83%) 14-149 days after
receipt of a second dose, and significantly lower (38%—-46%)
at 2150 days postvaccination. However, a third vaccine dose
restored VE against COVID-19-associated ED or UC encoun-
ters to 86% among adolescents aged 16—17 years. Among chil-
dren aged 5-11 years during the full study period, VE of 2 doses
(14-67 days earlier) against COVID-19-associated ED or UC
encounters was 46%, which was significantly lower than overall
estimates for adolescents aged 12—17 years. However, most
encounters among children aged 5-11 years occurred during
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Omicron predominance, when VE significantly declined for
adolescents aged 1217 years. During Omicron predominance,
VE of a second dose received 14-149 days earlier was 45% and
34% for adolescents aged 12—15 and 1617 years, respectively,
suggesting that the lower VE observed among children aged
5-11 years was likely driven by the predominant variant rather
than differences in VE across age groups. During Omicron
predominance, there was no evidence of protection for ado-
lescents aged 12—17 years from 2 doses received 2150 days
earlier; however, a third vaccine restored VE to 81% among
adolescents aged 16-17 years.

Receipt of 2 Pfizer-BioNTech vaccine doses in persons aged
12-17 years provided a high level of protection (>90%) against
COVID-19-associated hospitalizations within 149 days of
receipt of the second dose. VE point estimates for second dose
received 2150 days earlier were 73% to 88%; however, differ-
ences by time since vaccination were not statistically significant.
Additional data are needed to better understand duration of
protection against COVID-19-associated hospitalization in
adolescents aged 1217 years, the protection from 3 doses,
and the level of protection among children aged 5-11 years.

These findings are consistent with previously published data
showing high effectiveness of the Pfizer-BioNTech vaccine
among adolescents before Omicron became the predomi-
nant variant (4-6), and with data from adults demonstrating
relatively higher protection against more severe outcomes (7).
These findings are also consistent with data showing a decline
in mRNA VE over time since receipt of the second dose among
adolescents and adults (8—10). The findings in this report also
align with studies among adults that report lower VEs during
Omicron variant predominance (9,10) and an increase in VE
after receipt of a third vaccine dose (9,10).

The findings in this report are subject to at least six limitations.
First, comparison of VE estimates between age groups should
be made with caution because of differences in the timing of
vaccine availability and predominant variants when the vaccine
became available to different age groups. Second, statistical
power for estimating VE against COVID-19-associated
hospitalizations was limited, resulting in wide Cls for some
groups, particularly children aged 5-11 years. Third, among
adolescents aged 16-17, the estimated 3-dose VE was based
on a relatively short period after vaccination. Fourth, despite
adjustments to balance the differences between unvaccinated
and vaccinated persons, unmeasured and residual confounding
(e.g., mask use and physical distancing) might have biased the
estimates. Fifth, genetic characterization of patients’ viruses was
not available, and Delta and Omicron predominance periods
were based on surveillance data. Finally, although the facilities
in this study serve heterogeneous populations in 10 states, the
findings might not be generalizable to the U.S. population.
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This report provides real-world evidence of protection by
the Pfizer-BioNTech vaccine against COVID-19-associated
ED and UC encounters and hospitalizations among children
and adolescents aged 5-17 years and supports the role of third
(booster) doses in maintaining high levels of VE in the setting
of Omicron predominance. All eligible children and adolescents
should remain up to date with recommended COVID-19 vacci-
nations, including a booster dose for those aged 12-17 years.§§§

98 hreps://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/
children-teens.html (Accessed January 11, 2022).
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Notes from the Field

First Reports of Locally Transmitted Seoul
Hantavirus Infection — District of Columbia,
May 2018-December 2018

Nivedita Ravi-Caldwell, DVM!; Preetha Iyengar, MD!;
John Davies-Cole, PhD!

In May 2018, patient A, a previously healthy man aged
30 years, was evaluated at a District of Columbia (DC) health
care facility for a 4-day history of chills, diarrhea, fever (103°F
[39.5°C]), headache, sore throat, and vomiting. Despite
symptomatic treatment with antipyretics, he subsequently
experienced hemoconcentration (hematocrit = 60.4%
[normal =38.8%-50%]), thrombocytopenia (<10,000 platelets/zL
[normal = 150,000-450,000]), and acute kidney injury (blood
urea nitrogen [BUN] = 95 mg/dL [normal = 9-20] and
creatinine = 4.95 mg/dL [normal = 0.66-1.50]) over several days
(1). Approximately 1 week later, he experienced signs consistent
with hemophagocytic lymphohistiocytosis, a potentially fatal
systemic inflammatory syndrome, including elevated ferritin,
triglycerides, and interleukin-2 levels, and hemophagocytosis
cells on bone marrow biopsy (2). Patient A was a maintenance
worker with frequent rodent sightings at his workplace. Serology
results were positive for hantavirus immunoglobulin (Ig) M and
IgG. Additional tests sent to CDC returned with hantavirus
IgG and IgM titers >1:6,400, confirming recent infection with
Seoul hantavirus (SEOV). Virus isolation was unsuccessful (7).
Comprehensive testing for other infectious etiologies returned
negative results. The patient responded to supportive treatment
and was eventually discharged.

Five months later, in November 2018, patient B, a man aged
37 years with history of chronic kidney disease, was evaluated
in a DC emergency department with a 3-day history of chills,
fever (104°F [40.1°C]), headache, myalgia, and productive
cough, followed later by diarrhea, nausea, and vomiting. On
further evaluation, he had elevated hepatic transaminases
(aspartate aminotransferase = 164 units/L [normal = 3-34],
alanine aminotransferase = 78 units/L [normal = 15-41]),
thrombocytopenia (43,000/xL), and acute kidney injury
(BUN = 36 mg/dL and creatinine = 7.6 mg/dL) during his
admission. The patient worked as a dishwasher and plumber’s
assistant, had no recent history of travel outside the United
States, and did not own any pets. He was unaware of exposure
to rodents at work, at home, or during his commute. Serology

US Department of Health and Human Services/Centers for Disease Control and Prevention

sent to rule out hemorrhagic fever-renal syndrome returned
with IgG and IgM titers of >1:6,400, confirming recent infec-
tion with SEOV. Comprehensive testing for other infectious
etiologies returned negative results. The patient responded to
supportive treatment and was eventually discharged.

SEOV is a type of hantavirus previously associated with
hemorrhagic fever-renal syndrome.* Patient A is believed to
have had the first case of hemophagocytic lymphohistiocytosis
related to hantavirus infection reported in the United States
and the second worldwide (7,3). Past studies have documented
that Norway rats serve as the reservoir species for SEOV in the
United States (1,4), and previous cases of hantavirus infection
have been linked to wild or pet rodents (4,5). Humans can
become infected with SEOV through aerosol exposure to virus
shed in rodent feces, saliva, or urine. Rodent overpopulation
in DC is well documented by increased complaints via the
Citywide Call Center to the Rodent Control Program, and
the DC Department of Health has amplified efforts to address
this public health threat.” Although extremely rare, the two
SEQOV cases presented in this report highlight the importance
of physicians including hantavirus infection in their differential
diagnoses in patients with compatible symptoms and history
of animal exposure or travel and underscore the importance of
reporting notifiable infectious disease cases to health depart-
ments for investigation and response. These cases also serve
as a reminder to the public to minimize risk for infection by
following recommended hygiene practices.$

*https://www.cdc.gov/hantavirus/hfrs/index.html (Accessed June 21, 2019).
T hetps://www.washingtonpost.com/graphics/2018/local/rat-calls/
S hteps:/fwww.cdc.gov/hantavirus/outbreaks/seoul-virus/cleaning-up-pet-rodents.html
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Notes from the Field

Readiness for Use of Type 2 Novel Oral Poliovirus
Vaccine in Response to a Type 2 Circulating
Vaccine-Derived Poliovirus Outbreak —
Tajikistan, 2020-2021

Patrick O’Connor, MD12; Shahin Huseynov, MD1;
Carrie E. Nielsen, PhD?; Faizali Saidzoda, MD3; Eugene Saxentoff, PhD!;
Umeda Sadykova, MD% Patricia Kormoss?

On January 13, 2021, a vaccine-derived poliovirus type 2
(VDPV2) was identified by the Regional Reference Laboratory
for Polio in Moscow, Russia* in a specimen from a patient
with acute flaccid paralysis (AFP) in Jaloliddin Balkhi district,
Khatlon Region, in Tajikistan. Paralysis onset occurred on
November 22, 2020. On February 6, 2021, a second, geneti-
cally linked VDPV2 paralytic case, with onset of paralysis on
January 17, 2021, was confirmed from Khatlon Region in the
neighboring Vakhsh district, indicating local transmission.
Genetic sequencing of the isolate by the Regional Reference
Laboratory for Polio in Moscow found a 20-nucleotide diver-
gence from Sabin vaccine virus strain, and a 14-nucleotide
divergence from a circulating VDPV2 (cVDPV2) reported
from Khikorgangi, Pakistan on December 7, 2020, which sug-
gests undetected circulation for approximately 12 months (7).
On the basis of high-quality AFP surveillance in Tajikistan, the
researchers concluded these cases likely represent recent impor-
tation (2). During 2014, the Director-General of the World
Health Organization (WHO) declared polio a Public Health
Emergency of International Concern under the International
Health Regulations; the isolation of any poliovirus requires
immediate reporting and prompt response (3).

Children born after the global cessation of use of type 2—
containing oral poliovirus vaccine (OPV) from routine immu-
nization schedules in April 2016 have no mucosal immunity
against type 2 polioviruses. Therefore, cVDPV2 outbreak
immunization responses require the use of type 2—contain-
ing OPVs; however, in low-coverage settings, use of type 2
oral poliovirus vaccine increases the risk for seeding’ of new

*Tajikistan does not have a national polio laboratory; therefore, specimens are
transported to the Regional Reference Laboratory for Polio in Moscow, Russia
for testing on a regular basis. During the COVID-19 pandemic, regularly
scheduled flights to and from Tajikistan were interrupted, and this affected the
transportation of specimens.

T Oral poliovirus vaccines are live attenuated virus vaccines and provide intestinal
immunity; poliovirus replicates in the intestinal tract. The vaccine virus is
excreted in stool and can spread from person to person. However, in
communities with low immunization coverage, vaccine virus can circulate
during an extended period leading to reversion to neurovirulence, which can
result in paralysis identical to that caused by wild polioviruses. https://www.
cde.gov/vaccines/vpd/polio/hcp/vaccine-derived-poliovirus-faq.html
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cVDPV2 emergences (/,4). Current type 2—containing poliovi-
rus vaccines are Sabin strain monovalent type 2 oral poliovirus
vaccine (mOPV2) and trivalent oral poliovirus vaccine (tOPV);
tOPV is preferred where cocirculation of wild poliovirus 1
and cVDPV2 occurs. To mitigate new seeding events, WHO
granted Emergency Use Listing status for a recently developed,
genetically stabilized, novel OPV type 2 (nOPV2) during
November 2020. The Tajik Ministry of Health and Social
Protection of the Population (MoHSPP), in consultation with
partners, conducted a rigorous risk assessment and determined
that nOPV2 was the best vaccine outbreak response option
that also served to protect the polio-free status of the WHO
European Region. MoHSPP completed and documented the
25 Emergency Use Listing readiness criteria for the initial use
phase§ for vaccine release in 8 weeks, which was then autho-
rized by the WHO Director-General, making Tajikistan the
first country outside the WHO African Region to use nOPV2
(5). MoHSPP incorporated nOPV2 into three rounds of
outbreak response, including supplementary immunization
activities (SIAs) (Figure). The targeted age group for rounds 1
and 2 was children aged 0-65 months and for round 3 was
children aged 0-55 months.

A total of 31 cVDPV2 cases were confirmed during
November 22, 2020—June 26, 2021, with none occurring
after the second SIA; virus was also isolated from close
contacts of AFP cases, community-based stool collection
surveys, and environmental samples.¥ The geographic spread
of cVDPV2 included 10 districts within Khatlon Region,
and in a broad central belt including Dushanbe, the capital.
The first Outbreak Response Assessment was conducted
during August 16-20, 2021, and an additional nOPV2 SIA
was recommended at the end of August 2021 to ensure that
transmission had been interrupted. Despite the challenges
related to responding to a cVDPV2 outbreak during the
COVID-19 pandemic, MoHSPP imported and distributed
nOPV2, trained staff members, and conducted high-quality

outbreak response activities (assessed via lot quality assurance

SThe 25 nOPV2 readiness criteria are in nine categories: 1) coordination;
2) nOPV2 approvals; 3) cold chain logistics and vaccine management; 4) AFP
surveillance; 5) environmental surveillance; 6) safety monitoring; 7) advocacy,
communication, and social mobilization; 8) laboratory; and 9) campaign
operations. https://polioeradication.org/wp-content/uploads/2020/12/nOPV2-
Readiness-Verification-and-Dose-Release-Process-20201208.pdf

9 As part of the nOPV2 readiness criteria, an environmental (sewage) collection
point was identified in Dushanbe. The first specimen was collected the week
of February 7, 2021 (epidemiologic week 6). Testing of specimens was supported
by the Regional Reference Laboratories for Polio in Islamabad, Pakistan and
Bilthoven, Netherlands. Data are current as of August 13, 2021.
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FIGURE. Circulating vaccine-derived poliovirus type 2 cases, novel oral poliovirus vaccine type 2 readiness activities, and outbreak supplementary

immunization activities — Tajikistan, 2020-2021*t
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Abbreviations: nOPV2 = novel oral poliovirus vaccine type 2; OBRA-1 = first outbreak response assessment; SIA = supplementary immunization activity; SIA-1 = first

SIA; SIA-2 = second SIA; SIA-3 = third SIA; VDPV2 = vaccine-derived poliovirus type 2.

* Date of onset of paralysis for the index case: November 22, 2020; nOPV2 readiness activities: February 10-April 11,2021; first nOPV2 SIA: May 31-June 6,2021; second
nOPV2 SIA: June 29-July 3, 2021; third nOPV2 SIA: August 30-September 4, 2021; OBRA-1: August 16-20, 2021.
 National Expanded Program on Immunization data from weekly acute flaccid paralysis surveillance, Tajikistan, 2020-2021.

sampling**). These efforts by MoHSPP resulted in administra-
tive coverage of >99%, following mop-ups, in all three rounds,
in this first use of nOPV2 outside the WHO Africa Region.

** Assessing vaccination coverage levels using clustered lot quality assurance sampling.
https://polioeradication.org/wp-content/uploads/2016/09/
Assessing-Vaccination-Coverage-Levels-Using-Clustered-LQAS_Apr2012_EN.pdf
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QuickStats

FROM THE NATIONAL CENTER FOR HEALTH STATISTICS

Percentage* of Adults Aged >18 Years with Kidney Disease,’ by Age Group and
Sex — National Health Interview Survey,® United States, July-December 2020
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* With 95% Cls indicated by error bars.

T Based on an affirmative response to the survey question, “Have you ever been told by a doctor or other health
professional that you had weak or failing kidneys?” Because data are self-reported and not based on clinical
diagnosis, prevalence estimates might differ from other published sources of kidney disease data.

§ Estimates are based on household interviews of a sample of the civilian, noninstitutionalized U.S. population.

During July-December 2020, 3.1% of adults aged =18 years had kidney disease. The prevalence of kidney disease increased
with age, from 1.1% among adults aged 18-44 years to 3.1% among those aged 45-64 years and to 7.1% among those aged
>65 years. Among adults aged =65 years, a higher percentage of men had kidney disease (8.3%) compared with women (6.1%).
No significant differences were observed by sex for adults aged 18-44 years (0.9% for men versus 1.3% for women) and those
aged 45-64 years (2.9% for men versus 3.3% for women).

Source: National Center for Health Statistics, National Health Interview Survey, 2020. https://www.cdc.gov/nchs/nhis.htm
Reported by: Julie D. Weeks, PhD, jweeks@cdc.gov, 301-458-4562; Nazik Elgaddal, MS.

For more information on this topic, CDC recommends the following link: https://www.cdc.gov/kidneydisease
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