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In 1988, when the Global Polio Eradication Initiative (GPEI)
began, polio paralyzed >350,000 children across 125 coun-
tries. Today, only one of three wild poliovirus serotypes,
type 1 (WPV1), remains in circulation in only two countries,
Afghanistan and Pakistan. This report summarizes progress
toward global polio eradication during January 1, 2019—
June 30, 2021 and updates previous reports (7,2). In 2020,
140 cases of WPV1 were reported, including 56 in Afghanistan
(a 93% increase from 29 cases in 2019) and 84 in Pakistan
(a 43% decrease from 147 cases in 2019). As GPEI focuses
on the last endemic WPV reservoirs, poliomyelitis outbreaks
caused by circulating vaccine-derived poliovirus (cVDPV)
have emerged as a result of attenuated oral poliovirus vaccine
(OPV) virus regaining neurovirulence after prolonged circula-
tion in underimmunized populations (3). In 2020, 32 coun-
tries reported cVDPV outbreaks (four type 1 [cVDPV1], 26
type 2 [cVDPV2] and two with outbreaks of both); 13 of these
countries reported new outbreaks. The updated GPEI Polio
Eradication Strategy 2022-2026 (4) includes expanded use of
the type 2 novel oral poliovirus vaccine (nOPV2) to avoid new
emergences of cVDPV2 during outbreak responses (3). The
new strategy deploys other tactics, such as increased national
accountability, and focused investments for overcoming the
remaining barriers to eradication, including program disrup-
tions and setbacks caused by the COVID-19 pandemic.

Polio Vaccination

In worldwide immunization programs, OPV and at least
1 dose of injectable, inactivated poliovirus vaccine (IPV) are
routinely used. Because IPV contains all three poliovirus sero-
types, it protects against disease in children who seroconvert
after vaccination; however, it does not prevent poliovirus trans-
mission. In 2016, a global coordinated switch occurred from
trivalent OPV (tOPV), which contains Sabin strain types 1, 2,
and 3 to bivalent OPV (bOPV), which contains Sabin strain
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types 1 and 3. WPV2 was declared eradicated in 2015, and
cVDPV2 was the predominant cause of cVDPV outbreaks
after the last WPV2 case was detected in 1999. The use of
monovalent OPV Sabin strain type 2 (mOPV2) is reserved for
cVDPV2 outbreak responses. In November 2020, the World
Health Organization (WHO) granted Emergency Use Listing
(EUL) for genetically stabilized nOPV2 to be used in a limited
number of countries that have met readiness criteria for initial
use™ of nOPV2 (5) in response to outbreaks.

In 2020, the estimated global infant coverage with 3 doses of
poliovirus vaccine (Pol3) by age 1 year was 83% (6). However,
substantial variation in coverage exists by WHO region, nation-
ally, and subnationally. In the two countries with endemic
WPV (Afghanistan and Pakistan), 2020 POL3 coverage was
75% and 83%, respectively (6); estimated coverage in subna-
tional areas with transmission is much lower.

In 2019, GPEI supported 199 supplementary immunization
activities (SIAs)T in 42 countries with approximately 1 billion
bOPV, 20 million IPV, 32 million monovalent OPV type 1
(mOPV1), and 142 million mOPV2 doses administered. In
2020, 149 SIAs were conducted in 30 countries with approxi-
mately 696 million bOPV, 6 million IPV, 4 million mOPV1,

* Authorization for wider use under EUL is pending review of safety and
effectiveness data from the initial use.

T Mass immunization campaigns intended to interrupt poliovirus circulation by
immunizing every child aged <5 years with 2 OPV doses, regardless of previous
immunization status.

228 million mOPV2, and 51 million tOPV doses adminis-
tered; tOPV was used during four SIAs in Afghanistan and
Pakistan, where cocirculation of WPV1 and cVDPV?2 requires
tOPV for efficiency in scheduling and implementing SIAs;
GPEI authorized restarting filling of tOPV stocks for this
purpose. In 2021, approximately 136 million nOPV2 doses
have been released in eight countries approved for initial use
(Benin, Chad, Congo, Liberia, Niger, Nigeria, Sierra Leone,
and Tajikistan). SIAs continue to be affected by the COVID-19
pandemic® in 2021.

Poliovirus Surveillance

WPV and cVDPV transmission are detected primarily
through surveillance for acute flaccid paralysis (AFP) among
children aged <15 years with testing of stool specimens at
one of 145 WHO-accredited laboratories of the Global Polio
Laboratory Network (7). During January—September 2020,
the number of reported AFP cases declined 33% compared
with the same period in 2019 (8). Environmental surveillance
(testing of sewage for poliovirus) can supplement AFP surveil-
lance; however, environmental sampling also declined somewhat
during this period. Current data indicate that the COVID-19
pandemic has continued to limit AFP surveillance sensitivity.

S GPEI implemented a pause on SIAs from mid-March through July 2020.
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The continued strengthening of both surveillance systems, par-
ticularly in priority countries,? is critical to tracking progress and
documenting the absence of poliovirus transmission.

Reported Poliovirus Cases and Isolations

Countries reporting WPV cases and isolations. Since
2016, no WPV cases have been identified outside of
Afghanistan and Pakistan. Of the 176 WPV1 cases reported
in 2019, 29 (16%) occurred in Afghanistan and 147 (84%)
in Pakistan (Figure) (Table 1).

In 2020, Afghanistan reported 56 WPV1 cases representing
a 93% increase from cases reported in the previous year; cases

92020 priority countries: African Region: Angola, Benin, Burkina Faso,
Cameroon, Central African Republic, Chad, Congo, Céte d’Ivoire, Democratic
Republic of the Congo, Eritrea, Ethiopia, Ghana, Guinea, Kenya, Liberia,
Madagascar, Mali, Mauritania, Mozambique, Niger, Nigeria, Senegal, Sierra
Leone, South Sudan, Togo, and Zambia; Eastern Mediterranean Region:
Afghanistan, Egypt, Iran, Iraq, Libya, Pakistan, Somalia, Sudan, Syria, and
Yemen; European Region: Tajikistan and Uzbekistan; South-East Asia Region:
Burma (Myanmar); Western Pacific Region: Malaysia and Philippines.

were found across 38 districts compared with 20 districts in
2019. As of August 3, 2021, one WPV case was reported in
Afghanistan in 2021, a 97% decrease compared with the first
6 months of 2020. Pakistan reported 84 WPV1 cases from
39 districts in 2020, representing a 43% decrease from the
147 cases reported in 43 districts during 2019. One WPV1
case has been reported during January—June 2021, from
Balochistan province, a 98% decrease from the 60 WPV1 cases
from five provinces during the same 2020 period. This period
accounted for 71% of all Pakistan WPV1 cases in 2020. In
both countries, the number of orphan WPV1 isolates (those
with <98.5% genetic identity with other isolates) from AFP
cases increased from five of 176 (3%) in 2019 to 18 of 140
(13%) in 2020, signifying an increase in AFP surveillance
gaps in 2020 (7).

Environmental surveillance in Afghanistan detected WPV1
in 35 (8%) of 418 sewage samples collected during 2020 and
in 57 (22%) of 264 samples in 2019 (Table 2). In Pakistan,
WPV1 was detected in 434 (52%) of 830 sewage samples

FIGURE. Number of wild poliovirus type 1 cases, by country and month of paralysis onset — worldwide, January 2019-June 2021*
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Abbreviation: WPV1 = wild poliovirus type 1.
* Data are current as of August 3, 2021.
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TABLE 1. Number of poliovirus cases, by country — worldwide, January 1, 2019-June 30, 2021*

Reporting period

2019 2020 Jan-Jun 2020 Jan-Jun 2021
Country (cVDPV type) WPV1 cVDPV WPV1 cVDPV WPV1 cVDPV WPV1 cVDPV
Countries with endemic WPV1 transmission
Afghanistan (2)* 29 0 56 308 34 54 1 43
Pakistan (2) 147 22 84 135 60 52 1 8
Countries with reported cVDPV cases
Angola (2) 0 138 0 3 0 3 0 0
Benin (2) 0 8 0 3 0 2 0 2
Burkina Faso (2) 0 1 0 65 0 26 0 1
Burma (Myanmar)(2)® 0 6 0 0 0 0 0 0
Cameroon (2)T 0 0 0 7 0 4 0 0
Central African Republic (2) 0 21 0 4 0 1 0 0
Chad (2) 0 1 0 99 0 57 0 0
China (2) 0 1 0 0 0 0 0 0
Republic of the Congo (2)* 0 0 0 2 0 0 0 2
Céte d'lvoire (2)1 0 0 0 61 0 39 0 0
Democratic Republic of the Congo (2) 0 88 0 81 0 54 0 10
Ethiopia (2) 0 14 0 36 0 17 0 6
Ghana (2) 0 18 0 12 0 12 0 0
Guinea (2)T 0 0 0 44 0 23 0 6
Liberia (2)* 0 0 0 0 0 0 0 3
Madagascar (1)t 0 0 0 2 0 0 0 6
Malaysia (1) 0 3 0 1 0 1 0 0
Mali (2)f 0 0 0 48 0 6 0 0
Niger (2) 0 1 0 10 0 6 0 0
Nigeria (2) 0 18 0 8 0 2 0 65
Philippines (1,2)1 0 14 0 1 0 1 0 0
Senegal (2)f 0 0 0 0 0 0 0 13
Sierra Leone (2)f 0 0 0 10 0 0 0 4
Somalia (2) 0 3 0 14 0 2 0 0
South Sudan (2)* 0 0 0 50 0 2 0 9
Sudan (2)t 0 0 0 58 0 10 0 0
Tajikistan (2)t 0 0 0 1 0 0 0 23
Togo (2) 0 8 0 9 0 9 0 0
Yemen (1) 0 1 0 31 0 22 0 3
Zambia (2) 0 2 0 0 0 0 0 0

Abbreviations: cVDPV = circulating vaccine-derived poliovirus; WPV1 = Wild poliovirus type 1.

* Data are current as of August 3, 2021.
T New cVDPV cases reported after December 31, 2019.

$ For this country, MMWR uses the U.S. State Department short-form name “Burma”; the World Health Organization uses “Myanmar.”
1 Reported two cVDPV type 1 cases and 12 cVDPV type 2 cases in 2019, one cVDPV type 2 case in 2020.

collected in 2020, and 44% (379/854) of sewage samples were
WPV1-positive in 2019. In 2019, three (4%) of the 71 sewage
samples collected in Iran contained WPV1 isolates; no positive
environmental samples or cases have been reported since then.

Countries reporting cVDPV cases and isolations. During
January 2019—June 2021, cVDPV transmission was identified
in 32 countries; 13 countries were affected by new cVDPV
outbreaks in 2020. Afghanistan reported 308 cVDPV2 cases
in 2020 compared with no cases in 2019. Pakistan reported
135 cVDPV2 cases in 2020, more than a fivefold increase from
the 22 reported in 2019. To date in 2021, 195 cVDPV2 cases
have been identified globally, including 43 in Afghanistan and
eight in Pakistan.

1132 MMWR / August 27,2021 / Vol.70 / No. 34

Discussion

With the August 2020 certification of the African Region
as WPV-free,** five of the six WHO regions, representing
over 90% of the world’s population, are now free of wild
polioviruses. Given this achievement, GPEI is focusing efforts
on two goals: interrupting persistent WPV1 transmission in
Pakistan and Afghanistan and stopping all current outbreaks of
cVDPV2. To reach these goals, in June 2021, GPEI released a
revised 5-year strategy for polio eradication that aims to address
persistent challenges and recover from setbacks exacerbated by
the COVID-19 pandemic (4).

Guided by the Polio Eradication Strategy 2022-2026, GPEI
partners and in-country stakeholders are to adopt a full emer-
gency posture and assume more accountability for eradication

** hetps:/ fwww.africakicksoutwildpolio.com

US Department of Health and Human Services/Centers for Disease Control and Prevention
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TABLE 2. Number of circulating wild polioviruses and circulating vaccine-derived polioviruses detected through environmental surveillance —

worldwide, January 1,2019-June 30, 2021*

Jan 1-Dec 31, 2019 Jan 1-Dec 31, 2020

Jan 1-Jun 30, 2020

Jan 1-Jun 30, 2021

No. of No. (%) with No. of No. (%) with No. of No. (%) with No. of No. (%) with

Country samples isolates samples isolates samples isolates samples isolates
Countries with reported WPV 1-positive samples (no. and percentage of isolates refer to WPV1)

Afghanistan 264 57 (22) 418 35(8) 172 22 (13) 213 1(1)
Iran 71 3(4) 43 0(—) 0 0(—) 0 0(—)
Pakistan 854 379 (44) 830 434 (52) 414 238 (57) 444 59(13)
Countries with reported cVDPV-positive samples (cVDPV type) (no. and percentage of isolates refer to cVDPVs)

Afghanistan (2) 264 0(—) 418 175 (42) 172 46 (27) 213 40 (19)
Angola (2) 106 17 (16) 98 0(—) 47 0(—) 15 0(—)
Benin (2) 37 0(—) 70 5(7) 31 0(—) 52 1(2)
Cameroon (2) 602 4(1) 273 9(3) 134 4(3) 187 0(—)
Central African Republic (2) 149 10(7) 97 2(2) 43 2(5) 48 0(—)
Chad (2) 198 10 (5) 77 3(4) 55 3(5) 26 0(—)
China (3) 0 0(—) 0 0(—) 0 0(—) 1 1(100)
Republic of the Congo (2) 0 0(—) 12 1(8) 0 0(—) 213 1(1)
Cote d'lvoire (2) 154 7 (5) 130 91 (70) 88 62 (70) 42 0(—)
Democratic Republic of the Congo (2) 294 0(—) 170 1(1) 78 1(1) 145 0(—)
Egypt (2) 703 0(—) 550 1(0) 267 0(—) 313 10 (3)
Ethiopia (2) 159 3(2) 51 2(4) 33 0(—) 15 0(—)
Gambia (2) 0 0(—) 0 0(—) 0 0(—) 9 2(22)
Ghana (2) 202 17 (8) 184 20(11) 100 19 (19) 99 0(—)
Guinea (2) 103 0(—) 67 1(1) 38 0(—) 61 0(—)
Iran (2) 74 0(—) 43 3(7) 12 0(—) 25 1(4)
Kenya (2) 317 0(—) 193 1(1) 92 0(—) 101 1(1)
Liberia (2) 0 0(—) 34 6(18) 15 0(—) 47 12 (26)
Madagascar (1) 520 0(—) 351 0(—) 232 0(—) 134 12(9)
Malaysia (1, 2) 13 12(92) 76 12(16) 50 12 (24) 22 0(—)
Mali (2) 48 0(—) 44 4(9) 22 2(9) 27 0(—)
Niger (2) 293 0(—) 157 7 (4) 93 1(1) 73 0(—)
Nigeria (2) 2071 60 (3) 1294 5(0) 625 0(—) 868 34 (4)
Pakistan (2) 855 36 (4) 830 135(16) 414 35(8) 444 32(7)
Philippines (1, 2) 67 32(48) 80 4(5) 50 4(8) 18 0(—)
Senegal (2) 56 0(—) 27 1(4) 14 0(—) 10 4 (40)
Somalia (2) 92 5(5) 88 26 (30) 52 18 (35) 52 1(2)
South Sudan (2) 111 0(—) 85 6(7) 57 0(—) 24 0(—)
Sudan (2) 65 0(—) 50 14 (28) 20 3(15) 30 0(—)
Tajikistan (2) 0 0(—) 0 0(—) 0 0(—) 14 13 (93)
Uganda (2) 56 0(—) 58 0(—) 24 0(—) 36 2(6)

Abbreviations: cVDPV = circulating vaccine-derived poliovirus; WPV1 = Wild poliovirus type 1.

* Data are current as of August 3, 2021.

at every level of the program (4). The strategy elevates efforts
in the highest-risk countries and promotes health service
integration, surveillance improvement, and community
engagement to enhance campaign quality through increased
political advocacy to ensure timely and effective emergency
outbreak SIA responses through improved government sup-
port of implementation.

Although Pakistan and Afghanistan face distinct challenges,
they are linked epidemiologically because of high rates of cross-
border population movement. Transit-point vaccination must
be maintained as emigration from Afghanistan potentially
increases in 2021. The beginning of each year is typically the
low season for WPV1 transmission in both countries, and
AFP surveillance sensitivity has decreased. During 2019, the
Pakistan polio program suffered from increased vaccine resis-
tance fed by social media misinformation and faced continued

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

operational problems in some localities. The program changed
its management oversight and enhanced efforts to overcome
community mistrust to decrease vaccine hesitancy (9). Inroads
to improving the effectiveness of the SIAs have also been made
in 2020 (4). Although the proportion of Pakistan environmen-
tal samples that are WPV-positive remains high in 2021 to date,
the decrease from the same period in 2020 is worth noting.
In Afghanistan, the main challenges to ending poliovirus
transmission are the inability to reach all children in critical areas
near reservoirs in Pakistan and increasing political instability. The
polio program in Afghanistan has continued to operate for many
years, even during periods of insecurity and escalating conflict.
Although negotiations with local leaders in Afghanistan facili-
tated vaccination efforts at one time, restrictions on vaccinations
have persisted in areas controlled by insurgent groups since the
October 2018 ban on house-to-house campaigns, which has

MMWR / August 27,2021 / Vol.70 / No.34 1133
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Summary

What is already known about this topic?

Wild poliovirus type 1 (WPV1) remains endemic in Afghanistan
and Pakistan. Circulating vaccine-derived poliovirus type 2
(cVDPV2) outbreaks have increased since 2017.

What is added by this report?

From 2019 to 2020, the number of WPV1 cases increased in
Afghanistan and decreased in Pakistan and the number of
cVDPV2 cases increased and cVDPV2 outbreak countries
increased to 32. In Afghanistan, the polio program faces
challenges including an inability to reach children in critical
areas and increasing political instability. The COVID-19 pan-
demic continues to limit the quality of immunization activities
and poliovirus surveillance.

What are the implications for public health practice?

The Polio Eradication Strategy for 2022-2026 outlines measures
including increased government accountability and wider use
of novel, oral poliovirus vaccine type 2 that are needed to
eradicate polio.

since expanded geographically (70). WHO is anticipating that
some negotiated access will again be possible. Other challenges
include current mass population movements, clusters of vaccine
refusals, and suboptimal SIA quality in some areas previously
under government control (10).

Globally, cVDPV2 outbreaks increased in number and geo-
graphic extent during 2019-2020 because of delays in mOPV2
response SIAs, which were frequently of low quality. Since the
switch in 2016 from tOPV to bOPV, 1,755 cases of paralytic
polio have been reported from 64 cVDPV2 outbreaks in 30
countries across four WHO regions (4).71 GPEI has outlined
a strategy for stopping cVDPV transmission and reducing the
risk of seeding new outbreaks by expanding use of nOPV2
(4). Continued monitoring will be needed to ensure safety
and effectiveness while nOPV2 is brought into wider use and
to ascertain whether it can replace mOPV2 (5).

The findings in this report are subject to at least one limita-
tion. SIAs, field surveillance, and investigation activities were
curtailed in 2020 because of COVID-19 pandemic mitigation
measures, and laboratory testing suffered delays (8); limitations
on SIA quality and surveillance sensitivity continue in 2021.
On the other hand, the COVID-19 pandemic has presented
opportunities to jointly increase the effectiveness of polio
eradication activities and promote health services integration.
For example, the global rollout of COVID-19 vaccines presents
an opportunity to strengthen demand for vaccination against

both COVID-19 and polio.

T heeps://polioeradication.org/polio-today/polio-now/this-week/
circulating-vaccine-derived-poliovirus/
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Thousands of polio eradication workers worldwide continue
to play a critical role in implementing countries’ COVID-19
responses. Maintaining these partnerships will be important
in eradicating WPV and stopping cVDPV transmission while
simultaneously addressing other health priorities.
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Trends in Nonfatal and Fatal Overdoses Involving Benzodiazepines —
38 States and the District of Columbia, 2019-2020

Stephen Liu, PhD; Julie O’Donnell, PhD!; R. Matt Gladden, PhD!; Londell McGlone, MPH!; Farnaz Chowdhury2

Nonfatal and fatal drug overdoses increased overall from
2019 to 2020 (Z).* Ilicit benzodiazepines (e.g., etizolam, flu-
alprazolam, and flubromazolam)' were increasingly detected
among postmortem and clinical samples in 2020, often with
opioids,§ and might have contributed to overall increases in
drug overdoses. Availability of recent multistate trend data on
nonfatal benzodiazepine-involved overdoses and involvement
of illicit benzodiazepines in overdoses is limited. This data gap
was addressed by analyzing annual and quarterly trends in
suspected benzodiazepine-involved nonfatal overdoses? treated
in emergency departments (EDs) (benzodiazepine overdose
ED visits) during January 2019-December 2020 (32 states
and the District of Columbia [DC]) and benzodiazepine-
involved overdose deaths (benzodiazepine deaths), which
include both illicit and prescription benzodiazepines, during
January 2019—June 2020 (23 states) from CDC’s Overdose
Data to Action (OD2A) program. From 2019 to 2020, benzo-
diazepine overdose ED visits per 100,000 ED visits increased
(23.7%), both with opioid involvement (34.4%) and without
(21.0%). From April-June 2019 to April-June 2020, overall
benzodiazepine deaths increased 42.9% (from 1,004 to 1,435),
prescription benzodiazepine deaths increased 21.8% (from 921
to 1,122), and illicit benzodiazepine deaths increased 519.6%
(from 51 to 316). During January—June 2020, most (92.7%)
benzodiazepine deaths also involved opioids, mainly illicitly
manufactured fentanyls (IMFs) (66.7%). Improving naloxone
availability and enhancing treatment access for persons using
benzodiazepines and opioids and calling emergency services
for overdoses involving benzodiazepines and opioids, coupled
with primary prevention of drug use and misuse, could reduce

morbidity and mortality.

*heeps:/ fwww.cde.gov/nchs/nvss/vsrr/drug-overdose-data.htm

“Illicit benzodiazepines” refers to benzodiazepines that are not marketed in
the United States for medical purposes; “prescription benzodiazepines” refers
to those that are marketed as prescription drugs in the United States (but
does not imply that the decedent had a prescription for that benzodiazepine;
prescription benzodiazepines might be diverted). https://www.who.int/
medicines/access/controlled-substances/Final_Etizolam.pdf; https://www.
npsdiscovery.org/wp-content/uploads/2019/12/Public-Alert_Flualprazolam_
NPS-Discovery_120519.pdf; https://www.who.int/docs/default-source/
controlled-substances/43rd-ecdd/final-flubromazolam-a.pdf2sfvrsn

S heeps://www.npsdiscovery.org/reports/trend-reports/

9 Analyses were intended to include nonfatal overdose visits with unintentional
and undetermined intents. ED visits resulting in death were not excluded but
accounted for < 0.5% of total benzodiazepine overdose ED visits in ESSENCE
during the study period.
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CDC’s OD2A program collects data on unintentional
and undetermined intent drug overdoses: 1) nonfatal over-
doses treated in EDs from the Drug Overdose Surveillance
and Epidemiology (DOSE) system, and 2) overdose deaths
from the State Unintentional Drug Overdose Reporting
System (SUDORS).** Benzodiazepine overdose ED visits
during January 2019—December 2020 were identified from
33 DOSE jurisdictions (32 states and DC)TT submitting
data to the National Syndromic Surveillance Program.
Benzodiazepine and opioid overdose ED visits were identi-
fied using diagnosis codes and chief complaint text fields.5S
Only EDs consistently reporting informative data’? during
January 2019-December 2020 were included to ensure valid
trend analyses. Relative rate percentage changes for benzodiaz-
epine overdose ED visits per 100,000 ED visits were calculated
by quarter (Q1: January—March, Q2: April-June, Q3: July—
September, and Q4: October—December) and stratified by
opioid involvement.***

Benzodiazepine deaths were identified from 23 states'T
participating in SUDORS. States obtained data from death
certificates and medical examiner and coroner reports,
including complete postmortem toxicology testing results.
Benzodiazepine deaths during January 2019—June 2020,

** heeps://www.cdc.gov/drugoverdose/od2a/index.html; https://www.cdc.gov/
drugoverdose/data/nonfatal/

1 Alabama, Arizona, Arkansas, Connecticut, Delaware, District of Columbia,
Florida, Georgia, Illinois, Kansas, Kentucky, Louisiana, Maine, Maryland,
Mississippi, Missouri, Montana, Nevada, New Jersey, New Mexico, New York,
North Carolina, Ohio, Oregon, Pennsylvania, Rhode Island, South Carolina,
Tennessee, Utah, Virginia, Washington, West Virginia, and Wisconsin.

S heeps://www.cdc.gov/drugoverdose/data/nonfatal/case.heml; heeps://
knowledgerepository.syndromicsurveillance.org/cdc-benzodiazepine-v1

99 Some ED facilities might have started reporting to National Syndromic
Surveillance Program during the study period, and others experienced
reporting disruptions. Analyses were performed among approximately 62%
of EDs submitting data to National Syndromic Surveillance Program that
had relatively stable trends based on a coefficient of variation <45 and average
weekly discharge diagnosis informative >75%.

*** Both nonfatal and fatal overdoses often involve multiple drugs; therefore,
estimates for drugs are not mutually exclusive. For example, an overdose co-
involving opioid and benzodiazepine would be counted as both an opioid
and benzodiazepine overdose.

1 Alaska, Connecticut, Delaware, Georgia, Illinois, Maine, Massachusetts,
Minnesota, Missouri, Nevada, New Hampshire, New Mexico, North
Carolina, Oklahoma, Pennsylvania, Rhode Island, Tennessee, Utah, Vermont,
Virginia, Washington, West Virginia, and Wisconsin.
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percentages involving any opioids and opioid type (heroin,
IMFs, or prescription opioids),S and percentage change in
deaths, were calculated by quarter.

Demographic characteristics of persons experiencing non-
fatal and fatal benzodiazepine overdoses, and specific drug
co-involvement for benzodiazepine deaths, were described
using the most recent period of available data (benzodiazepine
overdose ED visits: January—December 2020, benzodiazepine
deaths: January—June 2020). Benzodiazepine deaths were

98 Drugs coded as prescription opioids were alfentanil, buprenorphine, codeine,

stratified by benzodiazepine type (prescription or illicit).
Chi-square tests were used for pairwise comparisons; p-values
<0.05 were considered statistically significant. Analyses were
conducted using SAS (version 9.4; SAS Institute). This activity
was reviewed by CDC and conducted consistent with appli-
cable federal law and CDC policy.999

During January 2019—December 2020, 117 million ED
visits reported in the 33 jurisdictions (72% of total ED visits)
qualified for inclusion in analyses. Among these, 31,377 ben-

zodiazepine overdose ED visits were identified, including
15,547 in 2019 and 15,830 in 2020; 6,883 (21.9%) also

hydrocodone, hydromorphone, levorphanol, loperamide, meperidine,
methadone, morphine, noscapine, oxycodone, oxymorphone, pentazocine,
prescription fentanyl, propoxyphene, remifentanil, sufentanil, tapentadol,
and tramadol. IMFs include illicitly manufactured fentanyl and illicit fentanyl
analogs. Fentanyl was classified as likely illicitly manufactured or likely
prescription using toxicology, scene, and witness evidence. In the absence
of sufficient evidence to classify fentanyl as illicit or prescription (<7% of
deaths involving fentanyl), it was classified as illicit because most fentanyl
overdose deaths involve illicit fentanyl.

involved opioids. The highest number of benzodiazepine
overdose ED visits occurred in Q3 2020 (4,181) (Figure 1).

In 2020, benzodiazepine overdose ED visits more often
involved females (51.5%) and persons aged 25-34 years

999 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.

FIGURE 1. Number of benzodiazepine overdose and co-involved opioid overdose emergency department visits, by quarter — Drug Overdose
Surveillance and Epidemiology, 32 States* and the District of Columbia, 2019-2020: 5 1
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Abbreviations: ED = emergency department; Q = quarter.

* Alabama, Arizona, Arkansas, Connecticut, Delaware, Florida, Georgia, lllinois, Kansas, Kentucky, Louisiana, Maine, Maryland, Mississippi, Missouri, Montana, Nevada, New
Jersey, New Mexico, New York, North Carolina, Ohio, Oregon, Pennsylvania, Rhode Island, South Carolina, Tennessee, Utah, Virginia, Washington, West Virginia, and Wisconsin.

T All analyses were restricted to facilities with a coefficient of variation <45 and average weekly discharge diagnosis informative >75% during the study period, to
include consistently reporting facilities with consistent data quality.

§ Relative rate changes from 2019 to 2020 were calculated based on total benzodiazepine overdose visits per 100,000 ED visits (15,547/64,200,344 and 15,830/52,816,815,
respectively; 23.7% increase); benzodiazepine overdose visits co-involving opioids (3,271/64,200,344 and 3,612/52,816,815, respectively; 34.4% increase); and those
with no opioid co-involvement (12,276/64,200,344 and 12,218/52,816,815, respectively; 21.0% increase).

1 Relative rates increased from Q4 2019 to Q4 2020 for total benzodiazepine overdose visits by 24.9% (3,727/16,279,535 and 3,739/13,080,832, respectively), those
co-involving opioids by 34.0% (791/16,279,535 and 851/13,080,832, respectively), and those without opioids by 22.5% (2,936/16,279,535 and 2,888/13,080,832, respectively).
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(20.9%); nearly one quarter (22.8%) also involved opioids with those without opioids (21.0% [from 19.12 to 23.13 per
(Table). From 2019 to 2020, benzodiazepine overdose ED visits 100,000]). Rates for any benzodiazepine ED visits were 24.9%
per 100,000 ED visits increased 23.7%, from 24.22 in 2019 to higher in Q4 2020 (28.58) compared with those in Q4 2019
29.97 in 2020, with larger rate increases among ED visits involv- (22.89), as were rates for ED visits also involving opioids (34.0%
ing opioids (34.4% [from 5.09 to 6.84 per 100,000]) compared increase from 4.86 in 2019 to 6.51 in 2020), and those without

TABLE. Demographics of persons experiencing nonfatal and fatal benzodiazepine overdoses and specific drug involvement in fatal
benzodiazepine overdoses — 38 States and the District of Columbia, 2020*

No. (%)
DOSE data:
nonfatal benzodiazepine SUDORS data:
ODs, Q1-Q4 2020 fatal benzodiazepine ODs, Q1-Q2 2020
Any benzodiazepine Prescription Ilicit Any benzodiazepine®

Characteristic N=15,830 N=2,174 N =532 N=2,721
Sex
Male 7,655 (48.4) 1,288 (59.2) 382(71.8) 1,690 (62.1)
Female 8,144 (51.5) 886 (40.8) 150 (28.2) 1,031 (37.9)
Unknown 31(0.2) 0(—) 0(—) 0(—)
Age group, yrs
Median (IQR), yrs 38 (26-56) 41 (32-53) 33 (26-46) 40 (31-52)
0-14 545 (3.4) —$ 0(—) —$
15-24 2,928 (18.5) 155(7.1) 111 (20.9) 261 (9.6)
25-34 3,302 (20.9) 513 (23.6) 175 (32.9) 687 (25.2)
35-44 2,666 (16.8) 606 (27.9) 108 (20.3) 707 (26.0)
45-54 2,128 (13.4) 440 (20.2) 75(14.1) 526(19.3)
55-64 2,255 (14.2) 372(17.1) 53(10.0) 437 (16.1)
>65 1,961 (12.4) 86 (4.0 10(1.9) 101 (3.7)
Unknown/Missing 45 (0.3) —S 0(—) —§
Race/Ethnicity
White, non-Hispanic N/A 1,762 (81.0) 349 (65.6) 2,116 (77.8)
Black, non-Hispanic N/A 202 (9.3) 110 (20.7) 319(11.7)
Other, non-Hispanic N/A 43 (2.0) —5 58(2.1)
Hispanic N/A 148 (6.8) 52(9.8) 204 (7.5)
Unknown/Missing N/A 19 (0.9) —5 24(0.9)
Drug involvement
Any opioid" 3,612(22.8) 2,025 (93.1) 493 (92.7) 2,523 (92.7)

Heroin 675 (4.3) 460 (21.2) 145 (27.3) 596 (21.9)

IMFs** N/A 1,421 (65.4) 417 (78.4) 1,815 (66.7)

lllicit opioidstt N/A 1,542 (70.9) 459 (86.3) 1,973 (72.5)

Prescription opioids$® N/A 922 (42.4) 117 (22.0) 1,026 (37.7)

Prescription and illicit opioids N/A 452 (20.8) 83(15.6) 518 (19.0)
Prescription benzodiazepines N/A 2,174 (100) 79 (14.8) 2,174 (79.9)

Alprazolam N/A 1,224 (56.3) 52(9.8) 1,224 (45.0)

Other N/A 1,166 (53.6) 32 (6.0) 1,166 (42.9)
Illicit benzodiazepines N/A 79 (3.6) 532(100) 532(19.6)

Etizolam N/A 35(1.6) 151 (28.4) 151 (5.5)

Flualprazolam N/A 41(1.9) 376 (70.7) 376 (13.8)

Other N/A —$ 20(3.8) 20(0.7)

Abbreviations: DOSE = Drug Overdose Surveillance and Epidemiology; IMFs = illicitly manufactured fentanyls; IQR = interquartile range; N/A = data not available;
OD = overdose; Q = quarter; SUDORS = State Unintentional Drug Overdose Reporting System.

* Nonfatal benzodiazepine overdose data were from 32 states and the District of Columbia for overdose emergency department visits during January 1, 2020-
December 31, 2020. Fatal benzodiazepine overdose data were from 23 states for deaths during January 1, 2020-June 30, 2020.

T Numbers of any benzodiazepines fatal ODs will not reflect the sum of prescription plus illicit benzodiazepine fatal ODs because some deaths involved both, and
some deaths had a generic listing of benzodiazepine involvement; therefore, the prescription or illicit status could not be classified.

§ Dashes indicate cell data suppressed because cell contains one to nine cases or to prevent calculation of other suppressed cells.

1 Comparing prescription benzodiazepine overdose deaths to illicit benzodiazepine overdose deaths, the percent co-involvement of any opioids was not statistically
significantly different at p<0.05; all other comparisons were statistically significantly different (sex, age, race/ethnicity, co-involvement of heroin, IMFs, illicit opioids,
prescriptions opioids, prescription and illicit opioids, and benzodiazepine type). Because prescription/illicit benzodiazepine deaths were not mutually exclusive,
chi-square testing was performed after excluding 79 deaths with both prescription and illicit benzodiazepine involvement; however, percentages of each demographic
category and with each substance co-involvement were similar to the nonmutually exclusive categorizations.

** |MFs include fentanyl and illicit fentanyl analogs.

1 1llicit opioids include heroin, IMFs, and other non-fentanyl illicit synthetic opioids (e.g., isotonitazene).

85 Prescription opioids include alfentanil, buprenorphine, codeine, hydrocodone, hydromorphone, levorphanol, loperamide, meperidine, methadone, morphine,
noscapine, oxycodone, oxymorphone, pentazocine, prescription fentanyl, propoxyphene, remifentanil, sufentanil, tapentadol, and tramadol.
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opioids (22.5% increase from 18.03 in 2019 to 22.08 in 2020)
(Figure 1). All relative rate changes were statistically significant.

Benzodiazepines were involved in 6,982 (16.8%) of 41,496
overdose deaths during January 2019—June 2020 reported by
23 states, with opioids involved in 6,384 (91.4%) benzodiaz-
epine deaths. During the first 6 months of 2020, a total of 2,721
overdose deaths involved any benzodiazepine, 2,174 involved
prescription benzodiazepines, and 532 involved illicit benzodi-
azepines (Table). Compared with prescription benzodiazepine
overdose decedents, higher percentages of illicit benzodiazepine
overdose decedents were male (71.8% versus 59.2%); Black,
non-Hispanic (20.7% versus 9.3%); and younger (53.8% versus
30.7% aged 15—34 years); and a lower percentage was non-His-
panic White (65.6% versus 81.0%). Almost all benzodiazepine
deaths during January—June 2020 also involved opioids (92.7%)
and often involved IMFs (66.7%). lllicit benzodiazepine deaths
more often involved IMFs than did prescription benzodiazepine
deaths (78.4% versus 65.4%), and less often involved prescrip-
tion opioids (22.0% versus 42.4%).

The number of benzodiazepine deaths increased 42.9% from
Q22019 (1,004) through Q2 2020 (1,435), with increases in
both prescription (from 921 to 1,122; 21.8% increase) and
illicit (from 51 to 316; 519.6% increase) benzodiazepine deaths
(Figure 2). During this time, co-involvement of IMFs in ben-
zodiazepine deaths increased 25.4%, from 56.7% to 71.1%.

Discussion

This is the first multistate report to examine recent trends in
both nonfatal and fatal benzodiazepine overdoses. Three con-
cerning trends during 2019-2020 were identified: 1) increases
in both nonfatal and fatal overdoses involving benzodiazepines
and opioids; 2) marked increases in illicit benzodiazepine deaths,
although overdose deaths involving prescription benzodiazepines
still far outnumber those involving illicit benzodiazepines; and
3) increases in nonfatal benzodiazepine overdoses not involving
opioids. In 2016, the CDC Opioid Prescribing Guideline dis-

couraged co-prescribing opioids and benzodiazepines,*** and

**% https:/[www.cdc.gov/mmwr/volumes/65/rr/rr6501e1.htm?CDC_AA_refVal

FIGURE 2. Benzodiazepine overdose deaths with opioid co-involvement — State Unintentional Drug Overdose Reporting System, 23 states,*
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T IMFs include fentanyl and illicit fentanyl analogs.
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the Food and Drug Administration imposed its most prominent
warning on all benzodiazepine medications, ™7 describing
the risks of use with opioids. Despite progress in reducing co-
prescribing before 2019 (2), this study suggests a reversal in the
decline in benzodiazepine deaths from 2017 to 2019, driven
in part by increasing involvement of IMFs in benzodiazepine
deaths and influxes of illicit benzodiazepines, likely indicating
simultaneous use of nonprescribed opioids and benzodiazepines.

During 2019-2020, benzodiazepine deaths (both prescrip-
tion and illicit) were characterized by high and increasing co-
involvement of IMFs, a trend documented as early as during
2017-2018 (3). Substantial increases in the supply of IMFs
during January 2013—June 2020,%99Y coupled with the high
potency and rapid absorption of IMFs (4), which increase over-
dose risk above that of heroin and prescription opioids, is likely
a principal driver of fatal benzodiazepine and IMF overdose.
The largest increase in IMF involvement among benzodiaz-
epine deaths occurred in 2020 between Q1 and Q2, possibly
reflecting altered drug use patterns that increased overdose
risk (e.g., decreased naloxone access); and possible drug supply
disruptions; during the COVID-19 pandemic (5). Although
the much greater involvement of opioids in benzodiazepine
deaths (91.4%) compared with benzodiazepine overdose ED
visits (21.9%) underscores the dangers of co-use, increases in
opioid involvement among benzodiazepine ED visits (34.4%
increase) throughout 2020 might be an early indicator of
continued and amplified increases in morbidity and mortality
related to benzodiazepine and opioid co-use.

Other factors accelerating increases in benzodiazepine deaths
involving opioids are rapid increases in supply and co-use of
illicit benzodiazepines among persons using illicit opioids,
especially IMFs. Whereas law enforcement reports of diverted
prescription benzodiazepines declined from 2015 through
June 2020, reports of illicit benzodiazepines (particularly eti-
zolam and flualprazolam) surged during that period, indicating
increased availability (6).***** Reductions in benzodiazepine
and opioid co-prescribing must be coupled with efforts to dis-
rupt and reduce the availability of and harms associated with
concurrent use of illicit benzodiazepines and IMFs.

Although rates of ED visits for mental health conditions
increased during 2019-2020 (1), benzodiazepine prescriptions

T4 heeps://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-
safety-communication-fda-warns-about-serious-risks-and-death-
when-combining-opioid-pain-or; https://www.fda.gov/drugs/
drug-safety-and-availability/fda-requiring-boxed-warning-updated-
improve-safe-use-benzodiazepine-drug-class

SS9 heeps://www.drugabuse.gov/drug-topics/trends-statistics/overdose-death-
rates; https://wonder.cdc.gov/

% heeps://www.nflis.deadiversion.usdoj.gov/nflisdata/
docs/13915NFLISdrugMidYear2020.pdf

****hteps://www.nflis.deadiversion.usdoj.gov/nflisdata/
docs/13915NFLISdrugMidYear2020.pdf
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remained relatively stable during January 2019-May 2020,
with a transient spike in March 2020 indicating, per recom-
mendations, increases in the availability of medications on
hand because of stay-at-home orders to slow the spread of
COVID-19 (7). However, the increases in benzodiazepine
overdose ED visit rates, including those without opioids,
raise concerns about increased misuse and warrant further
investigation. Because benzodiazepine use is less likely to result
in fatal overdose without use of opioids or other depressants
(6), tracking nonfatal benzodiazepine overdoses is critical to
tracking benzodiazepine misuse trends.

The findings in this report are subject to at least five limita-
tions. First, jurisdictions included in nonfatal and fatal overdose
analyses are not nationally representative and differ from each
other, limiting the extent to which trends can be compared.
Second, full toxicology results for nonfatal overdoses were not
available, and opioid and benzodiazepine involvement in non-
fatal overdoses is likely underestimated because comprehensive
toxicology testing of persons treated for overdoses varies within
and across EDs, and hospital discharge codes with drug specific
information might be unavailable (8). Third, despite only
including consistently reporting facilities, ED visits decreased
sharply after implementation of COVID-19 mitigation
measures in March 2020, which might inflate rate increases
(9). Fourth, four states (Illinois, Missouri, Pennsylvania, and
Wisconsin) reported overdose deaths from varying subsets of
counties. Results were similar with and without these states.
Finally, postmortem toxicology testing and drug involvement
determination vary over time and across states, potentially
affecting detection of specific drugs involved in deaths.

Increases in benzodiazepine overdose ED visits throughout
2020, coupled with increases in illicit benzodiazepine deaths
since 2019, highlight the need to enhance efforts to mitigate
harm from simultaneously using benzodiazepines and opioids
and monitor the magnitude and persistence of increases in illicit
benzodiazepine deaths. Persons who co-use opioids and benzodi-
azepines might be less likely to receive medications for opioid use
disorder than persons using opioids only (10); therefore, efforts
to increase treatment access should be enhanced. Expansion of
naloxone availability and rapid naloxone administration should
be encouraged for overdoses involving benzodiazepines and
opioids because naloxone reverses opioid overdoses irrespec-
tive of benzodiazepine presence. However, educational efforts
should emphasize the dangers of using illicit benzodiazepines,
especially in combination with opioids, and the importance
of calling 9-1-1 even after naloxone administration, because
benzodiazepine overdose symptoms are unaffected by naloxone
and might require additional medical treatment. These efforts,
complemented by broader primary prevention of drug use and
misuse, could prevent drug overdose morbidity and mortality.
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Summary
What is already known about this topic?
Benzodiazepine-involved overdose deaths decreased during

2017-2019; however, since 2019, the illicit benzodiazepine
supply increased.

What is added by this report?

From 2019 to 2020, benzodiazepine overdose visits per 100,000
emergency department visits increased (23.7%), both with
(34.4%) and without (21.0%) opioid co-involvement. From
April-June 2019 to April-June 2020, prescription and illicit
benzodiazepine-involved overdose deaths increased 21.8% and
519.6%, respectively. During January-June 2020, 92.7% of
benzodiazepine-involved deaths also involved opioids, and
66.7% involved illicitly manufactured fentanyls.

What are the implications for public health practice?
Improving naloxone availability and enhancing treatment
access for persons using benzodiazepines and opioids and
calling emergency services for overdoses involving benzodiaz-
epines and opioids, coupled with primary prevention of drug
use and misuse, could reduce morbidity and mortality.
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Mental Health and Substance Use Among Adults with Disabilities During the
COVID-19 Pandemic — United States, February-March 2021

Mark E. Czeisler!:2:34; Amy Board, DrPH>6.7; JoAnn M. Thierry, PhD5; Charles A. Czeisler, PhD, MD!:3:4; Shantha M.W. Rajaratnam, PhD1:2.3:4,
Mark E. Howard, MBBS, PhD!:2:8; Kristie E.N. Clarke, MD?

Adults with disabilities, a group including >25% of U.S.
adults (1), experience higher levels of mental health and
substance use conditions and lower treatment rates than do
adults without disabilities* (2,3). Survey data collected dur-
ing April-September 2020 revealed elevated adverse mental
health symptoms among adults with disabilities () compared
with the general adult population (5). Despite disproportion-
ate risk for infection with SARS-CoV-2, the virus that causes
COVID-19, and COVID-19-associated hospitalization and
mortality among some adults with disabilities (6), informa-
tion about mental health and substance use in this population
during the pandemic is limited. To identify factors associated
with adverse mental health symptoms and substance use
among adults with disabilities, the COVID-19 Outbreak
Public Evaluation (COPE) Initiative’ administered nonprob-
ability—based Internet surveys to 5,256 U.S. adults during
February—March 2021 (response rate = 62.1%). Among 5,119
respondents who completed a two-item disability screener,
nearly one-third (1,648; 32.2%) screened as adults with dis-
abilities. These adults more frequently experienced symptoms
of anxiety or depression (56.6% versus 28.7%, respectively),
new or increased substance use (38.8% versus 17.5%), and
suicidal ideation (30.6% versus 8.3%) than did adults without
disabilities. Among all adults who had received a diagnosis of
mental health or substance use conditions, adults with disabili-
ties more frequently (42.6% versus 35.3%; p <0.001) reported
that the pandemic made it harder for them to access related
care or medication. Enhanced mental health and substance use
screening among adults with disabilities and improved access to
medical services are critical during public health emergencies
such as the COVID-19 pandemic.

During February 16-March 8, 2021, among 8,475 eligible
invited respondents aged >18 years, 5,261 (62.1%) completed
nonprobability based, English-language, Internet-based

*https://store.samhsa.gov/sites/default/files/d7/priv/pep19-02-00-
002_508_022620.pdf

T The COVID-19 Outbreak Public Evaluation (COPE) Initiative (hetps:/ fwww.
thecopeinitiative.org/) is designed to assess public attitudes, behaviors, and
beliefs related to COVID-19 pandemic and to evaluate mental and behavioral
health during the pandemic. The COPE Initiative surveys included in this
analysis were administered by Qualtrics, LLC (https://www.qualtrics.com), a
commercial survey company with a network of participant pools with varying
recruitment methodologies that include digital advertisements and promotions,
word-of-mouth and membership referrals, social networks, television and radio
advertisements, and offline mail-based approaches.

1142 MMWR / August 27,2021 / Vol.70 / No. 34

Qualtrics surveys for COPE.S Participants provided informed
consent electronically. Quota sampling and survey weighting
were used to match U.S. Census Bureau’s 2019 American
Community Survey adult U.S. population estimates for sex,
age, and race/ethnicity to enhance the representativeness of
this nonrandom sample.

Among 5,256 respondents who answered questions for
weighting variables, 5,119 (97.4%) completed a two-ques-
tion disability screener.d Respondents completed clinically
validated self-screening instruments for symptoms of anxiety
and depression** and reported past-month new or increased
substance use to cope with stress or emotions and serious
suicidal ideation. ™" Respondents also indicated prepandemic
and past-month use of seven classes> of substances to cope
with stress or emotions. Adults with diagnosed anxiety, depres-
sion, posttraumatic stress disorder, or substance use disorders
indicated whether their ability to access care or medications
for these conditions was easier, harder, or unaffected because of
the pandemic. Prevalence estimates for adverse mental health
symptoms and substance use were compared among adults with
and without disabilities using chi-square tests. Multivariable
Poisson regression models with robust standard error estima-
tors were used to estimate adjusted prevalence ratios (aPRs)
by symptom type among adults with and without disabilities.
To calculate associations between disability status and adverse

S Eligibility to complete surveys was determined after electronic contact of
potential participants with inclusion criteria of age 218 years and residence
within the United States.

9 Disability was defined as such based on a qualifying response by an adult to
cither one of two questions: “Are you limited in any way in any activities
because of physical, mental, or emotional condition?” and “Do you have any
health conditions that require you to use special equipment, such as a cane,
wheelchair, special bed, or special telephone?” https://www.cdc.gov/brfss/
questionnaires/ pdf-ques/2015-brfss-questionnaire-12-29-14.pdf

** Symptoms of anxiety and depression were assessed with the four-item Patient
Health Questionnaire (PHQ-4). Respondents who scored 23 out of 6 on the
Generalized Anxiety Disorder (GAD-2) and Patient Health Questionnaire
(PHQ-2) subscales were considered symptomatic for the respective conditions.

T New or increased substance use was assessed with the question, “Have you
started or increased using substances to help you cope with stress or emotions
during the COVID-19 pandemic? Substance use includes alcohol, legal or
illegal drugs, or prescription drug use in any way not directed by a doctor.”
Suicidal ideation was assessed with an item from the National Survey on Drug
Use and Health (https://nsduhweb.rti.org/respweb/homuepage.cfm) adapted
to refer to the preceding 30 days, “At any time in the past 30 days, did you
seriously think about trying to kill yourself?”

S Alcohol, marijuana, cocaine, methamphetamine, prescription or illicit opioids,
benzodiazepines, and prescription drugs other than opioids used in a way not
directed by a doctor.
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mental health symptoms or substance use over time, aPRs
were estimated for symptoms among unique participants in
previous COPE survey waves (June, September, and December
2020). Covariates¥¥ included sex, age group, race/ethnicity,
income, U.S. Census region, urbanicity, and parental or unpaid
caregiving roles.*** McNemar'’s test assessed prepandemic and
past-month substance use among adults with and without
disabilities. Analyses were conducted using Python software
(version 3.7.8; Python Software Foundation) and R statisti-
cal software (version 4.0.2; R Foundation) using the R survey
package (version 3.29; R Foundation). The Monash University
Human Research Ethics Committee reviewed and approved
the study. This activity was reviewed by CDC and conducted
consistent with applicable federal law and CDC policy. T
Amonga total of 5,119 respondents, 1,648 (32.2%) respon-
dents reported living with disabilities (778 [47.2%] with
limiting physical, mental, or emotional conditions only; 171
[10.4%] with health conditions requiring special equipment
only; and 669 [42.4%] with both types of conditions) (Table).
Overall, 64.1% of adults with disabilities reported adverse men-
tal health symptoms or substance use compared with 36.0%
of adults without disabilities; past-month substance use was
higher among adults with disabilities (40.6%) than among
adults without disabilities (24.5%). Prevalence estimates of
each of the following were higher among adults with dis-
abilities than among adults without disabilities: symptoms of
anxiety or depression (56.6% versus 28.7%, respectively), new
or increased substance use (38.8% versus 17.5%), and serious
suicidal ideation (30.6% versus 8.3%) (Supplementary Table,
https://stacks.cdc.gov/view/cdc/108999). At all timepoints,
aPRs for all symptom types were significantly higher among
adults with disabilities than among adults without disabilities
(Figure 1). During February 16-March 8, 2021, among adults
with disabilities, aPRs for symptoms of anxiety or depres-
sion and new or increased substance use were approximately

99 Models to estimate aPRs for adverse mental health symptoms and substance
use were run with each of the collinear variables income and education during
preliminary analysis. Estimated aPRs did not differ meaningfully. In the
report, the models including income were included to account for potential
differences in access to health care more directly. To avoid collinearity with
age, employment status was included in a separate model, and aPRs were
not estimated for retired status or student employment status.

*** Adults who were in parental or unpaid caregiving roles were self-identified.
For this analysis, the definition of unpaid caregivers of adults was having
provided unpaid care to a relative or friend aged 218 years to help them take
care of themselves at any time during the three months before the survey.
The definition of someone in a parental role was having provided unpaid
care to a relative or friend aged <18 years. Respondents were categorized as
being in a parental role only, a caregiver of adults role only, having both
parental and caregiving roles, or having neither parental nor caregiving roles.
Adults in parenting roles might not have been biologic or adoptive parents
of the children.

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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1.5 times as high, and the aPR for serious suicidal ideation was
approximately 2.5 times as high as in adults without disabilities.
Comparing subgroups of adults with and without disabilities,
symptoms of anxiety or depression were approximately twice
as prevalent among adults with disabilities who were aged 250
years (aPR = 2.4; 95% confidence interval [CI] = 1.7-3.2), those
of non-Hispanic Asian race/ethnicity (2.4; 95% CI = 1.3-4.8),
those of Hispanic or Latino (Hispanic) ethnicity (2.1; 95%
CI = 1.4-3.0), and those who were not in parental or caregiver
roles (2.1; 95% CI = 1.7-2.6). New or increased substance
use was approximately twice as prevalent among adults with
disabilities in parental roles only (2.4; 95% CI = 1.5-3.9) and
among essential workers (2.3; 95% CI = 2.0-2.7). Suicidal
ideation was also more prevalent among adults with disabilities
aged 250 years (4.0; 95% CI = 2.1-7.8), those of Hispanic
ethnicity (3.4; 95% CI = 1.9-6.0), adults in unpaid caregiving
roles (3.4;95% CI = 1.5-7.7), and essential (3.5;95% CI = 2.8—
4.4) or nonessential (5.3; 95% CI = 2.8-10.1) workers.

The prevalence of substance use to cope with stress or
emotions among adults with disabilities was higher than that
among adults without disabilities, both prepandemic (39.7%
versus 25.3%, respectively) and in the past month (40.6%
versus 24.5%; both p<0.001) (Figure 2). Among adults with
disabilities, the past-month prevalence of methamphetamine
use (8.4%), nonopioid prescription drug misuse (4.9%), and
polysubstance use (16.9%) was approximately twice as high,
and the prevalence of cocaine use (6.4%) and prescription
or illicit opioid use (9.1%) were nearly three times as high
compared with those among adults without disabilities (meth-
amphetamine use 3.4%; nonopioid prescription drug misuse
2.0%; polysubstance use 7.9%; cocaine use 2.2%; prescription
or illicit opioid use 3.2%). Past-month methamphetamine
use prevalence increased significantly compared with prepan-
demic use prevalence among all respondents (with disabilities,
45.6% increase, p<0.001; without disabilities, 40.6% increase,
p = 0.003). Among respondents who reported a diagnosed
mental health or substance use condition, a higher percentage
of adults with (versus without) disabilities reported that access-
ing care or medication was harder because of the COVID-19
pandemic (42.6% versus 35.3%, respectively, p<0.001).

Discussion

Nearly two thirds of surveyed adults with disabilities (who
represented approximately 32% of the sample) reported
adverse mental health symptoms or substance use in early
2021, compared with approximately one third of adults
without disabilities. Serious suicidal ideation was approxi-
mately 2.5 times as high among adults with disabilities, and
methamphetamine use, opioid use, nonopioid prescription
drug misuse, and polysubstance use were at least twice as
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TABLE. Prevalence of symptoms of anxiety or depression, substance use, and suicidal ideation among adults with disabilities, by disability
status and other characteristics — United States, February 16-March 8, 2021

No. (%) Adults with disabilities, No. (%)*
Symptoms of New or increased
Adults with anxiety or substance use Seriously One or more of

Characteristic All respondents disabilities depressiont to cope$ considered suicide these symptoms
Total 5,119 (100) 1,648 (32.2) 932 (56.6) 640 (38.8) 504 (30.6) 1,057 (64.1)
Disability screener**
Limited by a physical, mental, or 778 (15.2) 778 (47.2) 417 (53.7) 218(28.0) 148 (19.0) 465 (59.8)

emotional condition
Limited by a health condition that 171 (3.3) 171 (10.4) 104 (60.5) 88 (51.5) 65 (38.2) 123(71.8)

requires special equipment
Both of above 699 (13.7) 669 (42.4) 411 (58.8) 334 (47.8) 291 (41.5) 469 (67.1)
Neither of above 3,471 (67.8) 0(—) N/A N/A N/A N/A
Sextt
Female 2,499 (48.8) 789 (47.9) 445 (56.5) 260 (32.9) 178 (22.6) 501 (63.5)
Male 2,583 (50.5) 838 (50.8) 469 (55.9) 369 (44.0) 314 (37.4) 537 (64.1)
Age group, yrs
18-29 938 (18.3) 314 (19.0) 250 (79.8) 185 (59.1) 136 (43.3) 276 (87.8)
30-39 967 (18.9) 325(19.7) 259 (79.8) 198 (60.9) 166 (51.1) 281 (86.6)
40-49 818(16.0) 253 (15.4) 180 (70.9) 137 (54.0) 125 (49.5) 202 (79.6)
50-59 972 (19.0) 309 (18.8) 132 (42.6) 80(25.9) 4(17.5) 158 (51.2)
60-69 790 (15.4) 235(14.2) 59(25.2) 21(8.9) 4 (1.8) 72 (30.7)
>70 634 (12.4) 213(12.9) 52(24.7) 19 (8.8) 19 (8.8) 68(31.9)
Race/Ethnicity
White, non-Hispanic 3,103 (60.6) 975 (59.2) 522 (53.6) 327 (33.5) 266 (27.3) 585 (60.0)
Black, non-Hispanic 638(12.5) 181 (11.0) 99 (54.6) 68 (37.9) 35 (19.3) 110 (60.9)
Asian, non-Hispanic 289 (5.6) 65 (3.9) 39 (61.1) 18(27.8) 4(21.0) 47 (72.1)
Multiple/other race, non-Hispanic$$ 188 (3.7) 70 (4.3) 32(45.2) 16 (23.3) 13 (18.3) 32(45.8)
Hispanic or Latino, any race 902 (17.6) 357 (21.7) 240 (67.2) 210(58.8) 177 (49.5) 283 (79.3)
2020 Household income, USD1
<25,000 1,182 (23.1) 544 (33.0) 286 (52.6) 151 (27.8) 107 (19.7) 327 (60.0)
25,000-49,999 1,203 (23.5) 355(21.5) 179 (50.4) 110 (30.9) 2 (23.2) 202 (56.9)
50,000-99,999 1,306 (25.5) 350(21.2) 191 (54.6) 134 (38.2) 103 (29.5) 218 (62.1)
>100,000 1,204 (23.5) 341 (20.7) 253 (74.1) 232 (68.1) 205 (60.1) 286 (83.8)
Education
High school diploma or less 1,379 (26.9) 485 (29.4) 264 (54.4) 155(31.8) 135(27.9) 309 (63.7)
College or some college 2,876 (56.2) 865 (52.5) 463 (53.5) 312 (36.0) 213 (24.6) 520 (60.1)
After bachelor’s degree 865 (16.9) 298 (18.1) 206 (69.0) 174 (58.2) 156 (52.3) 228 (76.4)
Employment status
Employed (essential employee) 1,797 (35.1) 605 (36.7) 475 (78.6) 448 (74.2) 371 (61.4) 542 (89.6)
Employed (nonessential employee) 941 (18.4) 151 (9.1) 87 (57.9) 53(35.2) 8(25.4) 103 (68.3)
Unemployed 936 (18.3) 349 (21.2) 190 (54.5) 77 (22.2) 5(15.9) 207 (59.3)
Retired 1,263 (24.7) 493 (29.9) 142 (28.8) 45(9.1) 4 (4.8) 167 (33.8)
Student 182 (3.6) 51(3.1) 38(73.7) 16 (31.9) 5(29.8) 38(74.5)
Parental role and unpaid caregiving status***
Neither parent nor caregiver 2,882 (56.3) 741 (44.9) 294 (39.7) 90 (12.2) 70 (9.4) 323 (43.6)
Parent only 611(11.9) 189 (11.5) 97 (51.3) 48 (25.1) 21(11.3) 110 (58.0)
Caregiver role of adults only 426 (8.3) 117 (7.1) 57 (48.6) 39(33.1) 24 (20.9) 71 (60.5)
Parental and caregiver roles 1,201 (23.5) 602 (36.5) 485 (80.5) 463 (77.0) 389 (64.6) 553 (92.0)
U.S. Census regionttt
Northeast 899 (17.6) 267 (16.2) 177 (66.0) 119 (44.7) 109 (40.6) 188 (70.5)
Midwest 1,069 (20.9) 349 (21.1) 208 (59.8) 126 (36.0) 94 (27.1) 222 (63.6)
South 2,074 (40.5) 700 (42.5) 367 (52.4) 262 (37.4) 195 (27.9) 442 (63.1)
West 1,077 (21.0) 333(20.2) 180 (54.2) 133 (40.1) 106 (31.8) 205 (61.7)
Urbanicity (n = 5,091)558
Urban 4,241 (83.3) 1,313 (79.6) 761 (58.0) 544 (41.4) 440 (33.5) 866 (66.0)
Rural 850(16.7) 322(19.5) 158 (49.1) 87 (27.1) 56 (17.4) 178 (55.2)

See table footnotes on the next page.
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TABLE. (Continued) Prevalence of symptoms of anxiety or depression, substance use, and suicidal ideation among adults with disabilities, by
disability status and other characteristics — United States, February 16-March 8, 2021

Abbreviations: N/A = not applicable; USD = U.S. dollars.

* Weighted rounded counts and percentages might not sum to expected values.

T Symptoms of anxiety and depression were assessed via the four-item Patient Health Questionnaire (PHQ-4). Respondents who scored >3 out of 6 on the Generalized
Anxiety Disorder (GAD-2) and Patient Health Questionnaire (PHQ-2) subscales were considered symptomatic for these respective conditions.

S New or increased substance use was assessed by using the question, “Have you started or increased using substances to help you cope with stress or emotions
during the COVID-19 pandemic? Substance use includes alcohol, legal or illegal drugs, or prescription drug use in any way not directed by a doctor”

9 Suicidal ideation was assessed by using an item from the National Survey on Drug Use and Health (https://nsduhweb.rti.org/respweb/homepage.cfm) adapted
to refer to the previous 30 days, “At any time in the past 30 days, did you seriously think about trying to kill yourself?”

** Adults who had a disability were defined as such based on a qualifying response to either one of two questions:“Are you limited in any way in any activities because
of physical, mental, or emotional condition?”and“Do you have any health conditions that require you to use special equipment, such as a cane, wheelchair, special
bed, or special telephone?”Respondents who completed only one of the two disability screening questions (limited by a physical, mental, or emotional condition: 17);
limited by a health condition that requires special equipment: 12) were classified as living with only that disability. https://www.cdc.gov/brfss/questionnaires/

pdf-ques/2015-brfss-questionnaire-12-29-14.pdf

t Gender responses of “Transgender” (22; 0.4%) and “None of these” (15; 0.3%) are not shown because of small counts.

58 The non-Hispanic, multiple/other race or multiple races category includes respondents who identified as not Hispanic and as more than one race or as American
Indian or Alaska Native, Native Hawaiian or Other Pacific Islander, or any other race.

19 Household income responses of “Prefer not to say” (225) are not shown because of an inability to sufficiently characterize these responses.

*** Adults who were in parental or unpaid caregiving roles were self-identified. For this analysis, the definition of unpaid caregivers of adults was having provided
unpaid care to a relative or friend =18 years to help them take care of themselves at any time during the 3 months before the survey. The definition of someone
in a parental role was having provided unpaid care to a relative or friend <18 years. Respondents answered these questions separately. During analysis, all
respondents were categorized as being in a parental role only, caregivers of adults only, having both parental and caregiving roles, or having neither parental nor
caregiving roles. Adults in parenting roles might not have been natural or legal parents of children in their care.

Tt https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf

555 |nvalid postcodes were provided by 28 respondents, for whom urbanicity was not categorized. https://www.hrsa.gov/rural-health/about-us/definition/datafiles.html

prevalent among adults with disabilities. These findings sug-
gest value in enhanced mental health screening among adults
with disabilities and in ensuring accessibility of routine and
crisis services, particularly given that many adults reported
that the COVID-19 pandemic had reduced mental health and
substance use care or medication accessibility. Mental health
disparities among adults with disabilities were observed across
demographic groups, highlighting the importance of ensuring
access to disaster distress>S and suicide prevention¥%9 resources
in this population. Important strategies to prevent persons from
becoming suicidal include strengthening economic supports,
promoting connectedness, and teaching coping skills.****
Health care providers could incorporate trauma-informed
care, because adults with disabilities might have encountered
stigma and trauma in previous health care interactions. Adults
with disabilities more frequently reported prepandemic and
past-month substance use to cope with stress or emotions
compared with adults without disabilities. The substance with
the largest increase in use was methamphetamine, which is
particularly concerning given the increase in amphetamine
overdosesT Tt (7). Drug overdose deaths rose in 2020, driven
by synthetic opioids.3%S Consistent with previous research,

88 Substance Abuse and Mental Health Services Administration National
Helpline (https://www.samhsa.gov/find-help/national-helpline); Disaster
Distress Helpline (https://www.samhsa.gov/disaster-preparedness).

999 National Suicide Prevention Lifeline: 1-800-273-TALK for English,
1-888-628-9454 for Spanish, or Lifeline Crisis Chat (https://
suicidepreventionlifeline.org/chat/).

**** https://www.cdc.gov/violenceprevention/pdf/suicide Technical Package. pdf

11 hetps://emergency.cdc.gov/han/2020/han00438.asp

S98S hetps:/ Fwww.cdc.govimedia/releases/2020/p1218-overdose-deaths-covid-19.heml

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

adults with disabilities disproportionately reported opioid use
and nonopioid prescription drug misuse (8), highlighting the
importance of educating patients and ensuring clinician access
to prescription drug monitoring programs.9999 Nearly one in
ten adults with disabilities reported past-month opioid use, and
opioid use among adults without disabilities increased. Policies
that reduce barriers to evidence-based treatment, including
recently updated buprenorphine practice guidelines,*****
might improve access.

The findings in this report are subject to at least four limi-
tations. First, self-reported mental health and substance use
might be subject to social desirability biases and stigma, which
could lead to underreporting. Second, because the surveys
were English-language only and data were obtained using
nonprobability—based sampling, despite quota sampling and
survey weighting, the findings from this nonrandom sample
might not be generalizable. However, the proportion and
demographics of surveyed adults with disabilities were similar
to those of recent samples from other sources with the same or
similar screening questions (7,2,4), and prevalence estimates
of symptoms of anxiety and depression were largely consistent
with those from other sources for the U.S. adult population
(9) and adults with disabilities (4) including the U.S. Census
Bureau’s probability-based Household Pulse Survey (64.3%
among adults with disabilities compared with 27.4% among

9999 heeps:/fwww.cde.gov/drugoverdose/pdmp/states.html

% heeps://www.federalregister.gov/documents/2021/04/28/2021-08961/
practice-guidelines-for-the-administration-of-buprenorphine-for-treating-
opioid-use-disorder
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FIGURE 1. Adjusted prevalence ratios* and 95% confidence intervalst for >1 symptoms of adverse mental health or substance use (A), symptoms
of anxiety or depression (B), new or increased substance use (C), and suicidal ideation (D) among adults with disabilities, compared with adults
without disabilities (referent group)® — United States, February 16-March 8, 20211
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See figure footnotes on the next page.
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FIGURE 1. (Continued) Adjusted prevalence ratios* and 95% confidence intervalsT for =1 symptoms of adverse mental health or substance use
(A), symptoms of anxiety or depression (B), new or increased substance use (C), and suicidal ideation (D) among adults with disabilities,
compared with adults without disabilities (referent group)$ — United States, February 16-March 8, 20211

Abbreviations: aPR = adjusted prevalence ratio; Cl = confidence interval.

* With 95% Cls indicated by error bars. Multivariable Poisson regression models included sex, age group in years, race/ethnicity, income, U.S. Census region, urbanicity,
and parental or unpaid caregiving roles (parental roles were not assessed in June 2020; only unpaid caregiving roles were considered for this variable in the June 2020
models). Separate, additional models were run to estimate aPRs for the following employment statuses: essential worker, nonessential worker, and unemployed. Estimates
were not made for retired or student employment statuses because of collinearity between these employment statuses and age.

* For panels A, B, and C, the y-axis range for aPR estimates is 0-5, which contains all aPRs and 95% Cls for these panels with maximal view of differences in model estimates.
For panel D, given the relative rarity of suicidal ideation among some demographic subgroups that results in wide Cls for aPR estimates, the y-axis range is 0-10.

$ Within each subgroup, adults without disabilities are the reference group used to estimate aPRs for outcomes among adults with disabilities.

9 Estimated aPRs are during February 16-March 8, 2021, except for the “over time” estimates, which also include estimates based on data collected during June 24-30,
2020, August 28-September 6, 2020, and December 6-27, 2020.

FIGURE 2. Prevalence of prepandemic and past-month substance use to cope with
stress or emotions among adults, by disability status and type of substance — United
States, February 16-March 8, 2021*1:5

adults without disabilities in April 2021). 17717
Third, the respondents with disabilities might
not be representative of all adults with disabilities,

some of whom might lack access to hardware or Alcohol )
assistive technologies required to independently

complete the survey. Finally, adverse mental Marijuana - o

health symptoms might, in some cases, represent

respondents’ disabling mental health conditions, Cocaine 0

which could confound associations with other £

comorbid disabling conditions (e.g., physical, E Methamphetamine o—e

cognitive, sensory); however, sensitivity analyses 32 >

excluding adults with disabilities who had mental Opioids

health or substance use diagnoses yielded consis- oe
. Prescription drugs
tent findings.

Adults with disabilities have been disproportion- o
Polysubstance use —
ately affected by adverse mental health symptoms //
and substance use during the COVID-19 pan- 0 ; 1lo 1|5 2|0 2|5 3‘0 ! 100

demic, highlighting the importance of improved
access to treatment for this population. Clinicians
might consider screening all patients for mental
health and substance use conditions during and
after the pandemic.399 Behavioral health care
providers might also consider facility, policy, and
procedural pathway analyses to ensure accessibil-
ity for clients with physical, sensory, or cognitive
disabilities. 99999 Strategies designed to increase
access to care and medication during public health
emergencies, such as telehealth, might consider
telemedicine platform and system accessibility for
adults with disabilities (10); further research to

Prevalence (%)

@ Adults with disabilities, past-month use

O Adults with disabilities, prepandemic use
Adults without disabilities, past-month use
Adults without disabilities, prepandemic use

* Overall, prepandemic and past-month use of any of these substances were reported by 39.7%
and 40.6%, respectively, of adults with disabilities, and by 25.3% and 24.5%, respectively, of adults
without disabilities.

T All differences between adults with disabilities and adults without disabilities were significant
(chi-square p-value <0.05).

§ Circles for use of marijuana (among adults with disabilities), use of prescription drugs (among
adults without disabilities), and polysubstance use (among adults with disabilities) might appear
overlapping because of very small changes in reported prevalence (<1% in all cases).

identify and address health disparities among adults with dis-
abilities could help guide additional evidence-based strategies.

T heeps:/ fwww.cdc.govinchs/covid19/pulse/functioning-and-disability.htm

SSSSS heeps:/ Iwww.uspreventiveservicestaskforce.org/uspstf/ recommendation/
drug-use-illicit-screening; https://www.uspreventiveservicestaskforce.org/
uspstf/recommendation/depression-in-adults-screening

99999 heep://cct.org/wp-content/uploads/2015/08/201 SADAComplianceGuide.pdf

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

Acknowledgments

Survey respondents; Mallory Colys, Sneha Baste, Daniel Chong,
Rebecca Toll, Qualtrics, LLC; Rebecca Robbins, Matthew D. Weaver,
Laura K. Barger, Brigham and Women’s Hospital and Harvard
Medical School; Elise R. Facer-Childs, Joshua F. Wiley, Monash
University; Rashon I. Lane, CDC; CDC Foundation; BNY Mellon;
Hopelab, Inc.; The Kinghorn Foundation; Australian-American
Fulbright Commission.

MMWR / August 27,2021 / Vol.70 / No. 34 1147


https://www.cdc.gov/nchs/covid19/pulse/functioning-and-disability.htm
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/drug-use-illicit-screening
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/drug-use-illicit-screening
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/depression-in-adults-screening
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/depression-in-adults-screening
http://cct.org/wp-content/uploads/2015/08/2015ADAComplianceGuide.pdf

Morbidity and Mortality Weekly Report

Summary
What is already known about this topic?

Adults with disabilities experience higher levels of mental health
conditions and substance use than do adults without disabilities.

What is added by this report?

During February-March 2021, 64.1% of surveyed U.S. adults
with disabilities reported adverse mental health symptoms or
substance use; past-month substance use was higher than that
among adults without disabilities (40.6% versus 24.5%,
respectively). Among adults with a diagnosis of mental health
or substance use conditions, adults with disabilities more
frequently (43% versus 35%) reported pandemic-related
difficulty accessing related care and medications.

What are the implications for public health practice?

During public health emergencies, including the COVID-19
pandemic, enhanced mental health and substance use
screening among adults with disabilities and improved access
to related health care services are critical.
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New COVID-19 Cases and Hospitalizations Among Adults,
by Vaccination Status — New York, May 3-July 25, 2021
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On August 18, 2021, this report was posted as an MMWR Early
Release on the MM\WR website (https:/fwww.cde.gov/mmauwr).

Data from randomized clinical trials and real-world obser-
vational studies show that all three COVID-19 vaccines cur-
rently authorized for emergency use by the Food and Drug
Administration* are safe and highly effective for preventing
COVID-19-related serious illness, hospitalization, and death
(1,2). Studies of vaccine effectiveness (VE) for preventing new
infections and hospitalizations attributable to SARS-CoV-2, the
virus that causes COVID-19), particularly as the B.1.617.2 (Delta)
variant has become predominant, are limited in the United States
(3). In this study, the New York State Department of Health linked
statewide immunization, laboratory testing, and hospitalization
databases for New York to estimate rates of new laboratory-
confirmed COVID-19 cases and hospitalizations by vaccination
status among adults, as well as corresponding VE for full vaccina-
tion in the population, across all three authorized vaccine prod-
ucts. During May 3-July 25, 2021, the overall age-adjusted VE
against new COVID-19 cases for all adults declined from 91.7%
to 79.8%. During the same period, the overall age-adjusted VE
against hospitalization was relatively stable, ranging from 91.9%
to 95.3%. Currently authorized vaccines have high effectiveness
against COVID-19 hospitalization, but effectiveness against new
cases appears to have declined in recent months, coinciding with
the Delta variant’s increase from <2% to >80% in the U.S. region
that includes New York and relaxation of masking and physical
distancing recommendations. To reduce new COVID-19 cases
and hospitalizations, these findings support the implementation
of a layered approach centered on vaccination, as well as other
prevention strategies such as masking and physical distancing,.

Four databases (the Citywide Immunization Registry, New
York State Immunization Information System, Electronic
Clinical Laboratory Reporting System, and Health Electronic
Response Data System [HERDS]) were linked to construct a
surveillance-based cohort of adults aged 218 years residing in
New York by using individual name-based identifiers, date of
birth, and zip code of residence. The Citywide Immunization
Registry and the New York State Immunization Information
System are used to collect and store all COVID-19 provider
vaccination data for persons residing in New York City and the

*As of the publication date of this report, COVID-19 vaccines by Pfizer-
BioNTech, Moderna, and Janssen (Johnson & Johnson) have been authorized
by the Food and Drug Administration under Emergency Use Authorization.
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rest of the state, respectively (excluding selected settings such as
Veterans Affairs and military health care facilities); persons were
considered fully vaccinated 214 days after receipt of the final
vaccine dose.” The Electronic Clinical Laboratory Reporting
System collects all reportable COVID-19 test results (nucleic
acid amplification test [NAAT] or antigen) in New York (4);
a new COVID-19 case was defined as the receipt of a new
positive SARS-CoV-2 NAAT or antigen test result, but not
within 90 days of a previous positive result. HERDS includes
a statewide, daily electronic survey of all inpatient facilities
in New York; new admissions with a laboratory-confirmed
COVID-19 diagnosis are entered into HERDS daily by trained
hospital staff members.

After a period of phased COVID-19 vaccine eligibility based
on age, occupation, setting, or comorbidities beginning in
December 2020, all New York residents aged 260 years were
eligible for vaccination by March 10, 2021; eligibility was
expanded to persons aged >30 years by March 30, and to all
adults aged >18 years by April 6.8 To allow time for a large
portion of vaccinated persons to achieve full immunity, this
study was restricted to the week beginning May 3 through the
week beginning July 19, 2021.

Breakthrough infections were defined as new cases among
persons who were fully vaccinated on the day of specimen
collection. Hospitalizations among persons with breakthrough
infection were defined as new hospital admissions among
persons fully vaccinated on the reporting day. The total
adult state population that was fully vaccinated and
unvaccinated? was assessed for each day and stratified by age
group (18—49 years, 50-64 years, and >65 years). Persons
who were partially vaccinated were excluded from analyses.
For each week and age group, the rates of new cases and
hospitalizations were calculated among fully vaccinated and
unvaccinated persons, by respectively dividing the counts for
each group by the fully vaccinated and unvaccinated person-
days in that week. Age-adjusted VE each week was estimated

T Final dose was the second dose for Pfizer-BioNTech and Moderna vaccines,
first dose for Janssen vaccine.

S https://www.governor.ny.gov/news/governor-cuomo-announces-new-yorkers-
30-years-age-and-older-will-be-eligible-receive-covid-19

9The total adult state population that was unvaccinated was calculated as the
total U.S. Census population, minus fully or partially vaccinated persons.
Persons who were partially vaccinated were defined as those who initiated a
vaccine series but did not complete it or were within 14 days after completion.

US Department of Health and Human Services/Centers for Disease Control and Prevention
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as the population-weighted mean of the age-stratified VE.**
The interval between completing vaccination and positive
SARS-CoV-2 test result date was summarized using the median,
interquartile range (IQR), and percentage tested >7 days from
being fully vaccinated. ™" The ratio of hospitalizations to cases
was computed for each vaccination group to understand the
relative severity of cases. Statistical testing was not performed
because the study included the whole population of interest
and was not a sample.

By July 25, 2021, a total of 10,175,425 (65.8%) New York
adults aged 218 years were fully vaccinated; 1,603,939 (10.4%)
were partially vaccinated. Among fully vaccinated adults,
51.3% had received Pfizer-BioNTech, 39.8% had received
Moderna, and 8.9% had received Janssen (Johnson & Johnson)
vaccines. During May 3—July 25, a total of 9,675 new cases
(1.31 per 100,000 person-days) occurred among fully vacci-
nated adults, compared with 38,505 (10.69 per 100,000 per-
son-days) among unvaccinated adults (Table). Most (98.1%)
new cases among fully vaccinated persons occurred =7 days
after being classified fully vaccinated (median = 85 days;
IQR =58-113). During May 3—July 25, case rates among fully

vaccinated persons were generally similar across age groups, as

were case rates among unvaccinated persons, declining through
the end of June before increasing in July (Figure 1). Weekly
estimated VE against new laboratory-confirmed infection
during May 3-July 25 for all age groups generally declined,
ranging from 90.6% to 74.6% for persons aged 18—49 years,
93.5% to 83.4% for persons aged 50-64 years, and 92.3%
to 88.9% for persons aged 265 years. During May 3—July 25,
the overall, age-adjusted VE against infection declined from
91.7% to 79.8% (Figure 1) (Table).

A total of 1,271 new COVID-19 hospitalizations (0.17 per
100,000 person-days) occurred among fully vaccinated aduls,
compared with 7,308 (2.03 per 100,000 person-days) among
unvaccinated adults (Table). Hospitalization rates generally
declined through the week of July 5, but increased the weeks of
July 12 and July 19, and were higher among fully vaccinated and
unvaccinated persons aged 265 years compared with younger
age groups (Figure 2). Age group—specific estimated VE against
hospitalization remained stable, ranging from 90.8% to 97.5%
for persons aged 18—49 years, from 92.4% to 97.0% for persons
aged 50—64 years, and from 92.3% to 96.1% for persons aged
265 years. During May 3—July 25, the overall, age-adjusted VE
against hospitalization was generally stable from 91.9% to 95.3%

(Figure 2) (Table). The ratio of hospitalizations to cases was mod-
erately lower among fully vaccinated (13.1 hospitalizations per
100 cases) compared with unvaccinated (19.0 hospitalizations
per 100 cases) groups.

** For both outcomes, VE at each week and age group was calculated as
1-(Rateyaccinated / Rateunyaccinated)-

T The percentage tested >7 days from being fully vaccinated was included to
inform possible undiagnosed infection before full vaccination was achieved.

TABLE. Vaccination coverage, new COVID-19 cases, and new hospitalizations with laboratory-confirmed COVID-19 among fully vaccinated and
unvaccinated adults, and estimated vaccine effectiveness — New York, May 3-July 25, 2021

Population* New casest New hospitalizations$

Fully Fully

Full vaccinated  Unvaccinated vaccinated Unvaccinated

Average no. Average no. vaccination Estimated vaccine Estimated vaccine
Week starting  fully vaccinated" unvaccinated coverage, % No. Rate* No. Rate* effectiveness,% No. Rate* No. Rate* effectiveness, %
May 3 6,255,275 5,367,527 404 700 160 7,387 19.66 91.7 154 035 1,478 393 95.3
May 10 6,948,727 4,938,120 449 589 121 5839 16.89 92.7 149 031 1,145 331 95.0
May 17 7,641,098 4,642,464 49.4 555 1.04 4,106 1263 91.9 134 025 968 2.98 96.2
May 24 8,222,099 4,444,612 53.1 431 075 2,757 886 92.0 140 024 748 240 93.8
May 31 8,691,229 4,289,385 56.2 364 060 2,092 697 91.6 87 014 549 1.83 95.1
Jun7 9,034,873 4,226,865 584 341 054 1,504 508 89.7 95 0.15 448 151 933
Jun 14 9,272,840 4,165,878 59.9 340 052 1,233 4.23 87.9 88 0.14 324 1.1 91.9
Jun 21 9,516,612 4,022,274 61.5 396 059 1,201 427 85.8 60 0.09 283 1.01 94.6
Jun 28 9,747,395 3,913,256 63.0 535 078 1,421 5.19 83.8 69 0.10 288 1.05 93.9
Jul'5 9,911,987 3,870,504 64.1 928 134 2,223 8.20 824 72 010 270 1.00 94.4
Jul12 10,034,269 3,818,600 64.8 1,703 242 3,242 1213 78.2 89 013 340 127 94.8
Jul 19 10,135,322 3,742,197 65.5 2,793 394 5500 21.00 79.8 134 019 467 178 95.3
Total — — — 9,675 1.31 38,505 10.69 — 1,271 0.17 7,308 2.03 —

* Population sizes fully vaccinated and unvaccinated were computed daily. For display purposes, the average populations fully vaccinated and unvaccinated are
shown for each week. Rate calculations were conducted using daily population sizes and are expressed per 100,000 person-days. Persons partially vaccinated were
excluded from analyses.

T New cases were defined as a new positive SARS-CoV-2 nucleic acid amplification test or antigen test result, not within 90 days of a previous positive result, reported
to the Electronic Clinical Laboratory Reporting System, which collects all reportable COVID-19 test results in New York.

$ New hospitalizations were determined by a report of a hospital admission with a confirmed COVID-19 diagnosis, entered into the Health Electronic Response Data
System, which includes a statewide, daily electronic survey of all inpatient facilities in New York.

9 Persons were determined to be fully vaccinated following 14 days after final vaccine-series dose receipt, per the Citywide Immunization Registry and the New York
State Immunization Information System, which collect and store all COVID-19 vaccine receipt data by providers for persons residing in New York City and the rest
of New York, respectively.
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Discussion

In this study, current COVID-19 vaccines were highly
effective against hospitalization (VE >90%) for fully vacci-
nated New York residents, even during a period during which

prevalence of the Delta variant increased from <2% to >80%
in the U.S. region that includes New York, societal public
health restrictions eased,®S and adult full-vaccine coverage in

SS hteps://covid.cdc.gov/covid-data-tracker/#variant-proportions

FIGURE 1. New COVID-19 cases among fully vaccinated and unvaccinated adults, vaccine coverage, and estimated vaccine effectiveness, by age —
New York, May 3-July 25, 2021
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New York neared 65%. However, during the assessed period,
rates of new cases increased among both unvaccinated and fully
vaccinated adults, with lower relative rates among fully vac-
cinated persons. Moreover, VE against new infection declined

from 91.7% to 79.8%. To reduce new COVID-19 cases and
hospitalizations, these findings support the implementation of
a layered approach centered on vaccination, as well as other
prevention strategies.

FIGURE 2. New hospitalizations with laboratory-confirmed COVID-19 among fully vaccinated and unvaccinated adults, vaccine coverage, and

estimated vaccine effectiveness, by age — New York, May 3-July 25, 2021
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Summary
What is already known about this topic?

Real-world studies of population-level vaccine effectiveness
against laboratory-confirmed SARS-CoV-2 infection and
COVID-19 hospitalizations are limited in the United States.
What is added by this report?

During May 3-July 25, 2021, the overall age-adjusted vaccine
effectiveness against hospitalization in New York was relatively
stable (91.9%-95.3%). The overall age-adjusted vaccine
effectiveness against infection for all New York adults declined
from 91.7% to 79.8%.

What are the implications for public health practice?

These findings support the implementation of multicomponent
approach to controlling the pandemic, centered on vaccination,
as well as other prevention strategies such as masking and
physical distancing.

The findings from this study are consistent with those
observed in other countries. Israel has reported 90% VE for
the Pfizer-BioNTech vaccine against hospitalization; however,
adecline in VE against new diagnosed infections occurred dur-
ing June 20—July 17 (decreasing to <65%) (5). Another study
in the United Kingdom found higher VE against infection
with the Delta variant for Pfizer-BioNTech (88%), which was
lower than VE against the B.1.1.7 (Alpha) variant (94%) (6).

The factors driving the apparent changes in VE, including
variations by age, are uncertain. Changes in immune protec-
tion from current vaccine product dosing regimens are under
investigation,¥¥ with additional doses being considered (7).
Increased Delta variant viral load might underpin its increased
transmissibility and could potentially lead to reduced vaccine-
induced protection from infection (8). Further, variations from
clinical trial findings could be because the trials were conducted
during a period before the emergence of new variants and when
nonpharmaceutical intervention strategies (e.g., wearing masks
and physically distancing) were more stringently implemented,
potentially lessening the amount of virus to which persons were
exposed. Other factors that could influence VE include indi-
rect protective effects of unvaccinated persons by vaccinated
persons and an increasing proportion of unvaccinated persons
acquiring some level of immunity through infection (9).

The findings in this report are subject to at least six limi-
tations. First, although limiting the analysis period to after
universal adult vaccine eligibility and age stratification likely
helped to reduce biases, residual differences between fully
vaccinated and unvaccinated groups have the potential to
reduce estimated VE. Second, the analysis excluded partially
vaccinated persons, to robustly assess VE for fully vaccinated

99 heeps:/[www.medrxiv.org/content/10.1101/2021.07.28.21261159v1
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compared with that of unvaccinated persons. A supplementary
sensitivity analysis that included partially vaccinated persons as
unvaccinated yielded conservative VE for laboratory-confirmed
infection (declining from 88.7% to 72.1%) and for hospitaliza-
tions (ranging from 89.7% to 93.0%). Third, exact algorithms
were used to link databases; some persons were possibly not
linked because matching variables were entered differently
in the respective systems. Fourth, this study did not estimate
VE by vaccine product, and persons were categorized fully
vaccinated at 14 days after final dose, per CDC definitions;
however, the Janssen vaccine might have higher efficacy at
28 days.*** Given that Janssen vaccine recipients accounted for
9% of fully vaccinated persons and the observed time period
from full vaccination to infection (median 85 days), this would
minimally affect the findings. Fifth, information on reasons
for testing and hospitalization, including symptoms, was lim-
ited. However, a supplementary analysis found that among
1,271 fully vaccinated adults and 7,308 unvaccinated adults,
545 (42.9%) and 4,245 (58.1%), respectively, were reported to
have been admitted for COVID-19 by hospital staff members
using nonstandardized definitions. A sensitivity analysis of
hospitalization VE limited to those admitted for COVID-19,
found similar results (VE range = 93.9%-97.4%), suggesting
that the extent of bias was limited. Finally, data were too sparse
to reliably estimate VE for COVID-19-related deaths.

This study’s findings suggest currently available vaccines
have high effectiveness for preventing laboratory-confirmed
SARS-CoV-2 infection and COVID-19 hospitalization.
However, VE against infection appears to have declined in
recent months in New York, coinciding with a period of eas-
ing societal public health restrictions™ T and increasing Delta
variant circulation (8). These findings support a multipronged
approach to reducing new COVID-19 hospitalizations and
cases, centered on vaccination, and including other approaches
such as masking and physical distancing.

*** hteps://www.fda.gov/media/146338/download
1 heeps://coronavirus.jhu.edu/data/state-timeline/new-confirmed-cases/
new-york/205
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On August 18, 2021, this report was posted as an MMWR Early
Release on the MMWR website (https:/www.cde.gov/mmuwr).

Real-world evaluations have demonstrated high effectiveness
of vaccines against COVID-19-associated hospitalizations
(I-4) measured shortly after vaccination; longer follow-up
is needed to assess durability of protection. In an evaluation
at 21 hospitals in 18 states, the duration of mRNA vaccine
(Pfizer-BioNTech or Moderna) effectiveness (VE) against
COVID-19-associated hospitalizations was assessed among
adults aged >18 years. Among 3,089 hospitalized adults
(including 1,194 COVID-19 case-patients and 1,895 non—
COVID-19 control-patients), the median age was 59 years,
48.7% were female, and 21.1% had an immunocompromis-
ing condition. Overall, 141 (11.8%) case-patients and 988
(52.1%) controls were fully vaccinated (defined as receipt
of the second dose of Pfizer-BioNTech or Moderna mRNA
COVID-19 vaccines 214 days before illness onset), with
a median interval of 65 days (range = 14-166 days) after
receipt of second dose. VE against COVID-19-associated
hospitalization during the full surveillance period was 86%
(95% confidence interval [CI] = 82%—-88%) overall and 90%
(95% CI = 87%-92%) among adults without immunocom-
promising conditions. VE against COVID-19- associated
hospitalization was 86% (95% CI = 82%-90%) 2—12 weeks
and 84% (95% CI = 77%-90%) 13-24 weeks from receipt
of the second vaccine dose, with no significant change
between these periods (p = 0.854). Whole genome sequenc-
ing of 454 case-patient specimens found that 242 (53.3%)
belonged to the B.1.1.7 (Alpha) lineage and 74 (16.3%)
to the B.1.617.2 (Delta) lineage. Effectiveness of mRNA
vaccines against COVID-19-associated hospitalization was

*These authors contributed equally to this report.
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sustained over a 24-week period, including among groups
at higher risk for severe COVID-19; ongoing monitoring is
needed as new SARS-CoV-2 variants emerge. To reduce their
risk for hospitalization, all eligible persons should be offered
COVID-19 vaccination.

Evaluations of authorized mRNA COVID-19 vaccines
(Pfizer-BioNTech and Moderna) have consistently demonstrated
high VE across diverse populations (1,5). Because COVID-19
vaccines were initially authorized in the United States in
December 2020, evaluations of real-world effectiveness have
been subject to a short period of postvaccination follow-up.
Monitoring durability of protection after COVID-19 vaccina-
tion can help determine whether booster vaccines might be
indicated, particularly with continued emergence of new variants
that might overcome vaccine-induced immunity. In real-world
settings, durability of protection has commonly been measured
by comparing the odds of vaccination in laboratory-confirmed
case-patients and control-patients who tested negative for infec-
tion, by time since vaccination (6,7).

During March 11-July 14, 2021, adults aged >18 years
admitted to 21 hospitals in 18 states were included in an
analysis of durability of vaccine-induced protection. Case-
patients had COVID-19-like illness’ and had received a
positive SARS-CoV-2 reverse transcription—polymerase chain
reaction (RT-PCR) or antigen test result. A first group of
hospital-based control-patients had COVID-19-like illness
and had negative SARS-COV-2 results by all tests, including
at least one RT-PCR test. A second hospital-based control
group of patients without COVID-19-like illness (and there-
fore unlikely to be hospitalized for COVID-19-like illness)

T COVID-19-like illness was defined as having one or more of the following:
fever, cough, shortness of breath, loss of taste, loss of smell, use of respiratory
support for the acute illness, or new pulmonary findings on chest imaging
consistent with pneumonia.
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was also enrolled (4). This second control group also received
negative SARS-CoV-2 results by all tests, including at least one
RT-PCR test. Eligibility for enrollment as a case-patient or one
of these controls required SARS-CoV-2 testing within 10 days
of symptom onset and hospital admission within 14 days of
symptom onset. Final case/control status was determined using
clinical testing results and central laboratory RT-PCR testing of
upper respiratory specimens (nasal swabs or saliva) performed
at a central laboratory (Vanderbilt University Medical Center,
Nashville, Tennessee) (4). Specimens positive for SARS-CoV-2
with cycle threshold values <32 were sent to University of
Michigan (Ann Arbor, Michigan) for whole genome sequenc-
ing and SARS-CoV-2 lineage determination (4).

Patients or their proxies were interviewed about baseline
demographic characteristics, clinical history (including
COVID-19-like signs or symptoms experienced and date of
illness onset), and history of COVID-19 vaccination. Vaccine
was considered to have been administered if vaccination dates
and product names were verified through medical records, state
immunization registries, vaccination record cards, or provider
or pharmacy records, or if plausibly reported by patient or
proxy with date and location of vaccination. A patient was
considered to be fully vaccinated if both doses of an authorized
mRNA COVID-19 vaccine were administered, with the sec-
ond dose received >14 days before illness onset.S Participants
were excluded from this analysis if they received only 1 dose of
an mRNA COVID-19 vaccine, received 2 doses with the sec-
ond dose <14 days before illness onset, received a non-mRNA
COVID-19 vaccine, or received mixed products of an mRNA
COVID-19 vaccine (i.e., a different product for each dose).

Vaccine effectiveness against COVID-19-associated hospi-
talization was estimated using logistic regression, comparing
the odds of being fully vaccinated versus unvaccinated between
case-patients and controls (including both control groups)
using the equation VE = 100 x (1 — odds ratio) (7). VE over
the full surveillance period was assessed, as well as among
those with illness onset during March-May and June—July
2021, because of increased circulation of Delta variants in
the United States during the latter period (8). Models were
adjusted for potential confounders, including admission date
(biweekly intervals), U.S. Department of Health and Human
Services region, age, sex, and race/ethnicity. Time-varying
VE models were then constructed. First, a binary model was
constructed by adding a categorical term (2—12 weeks versus
13-24 weeks) for interval from receipt of the second vaccine

SThe date of illness onset was used for cases and controls with COVID-19-like
illness with median value imputed if missing. For controls without COVID-19—
like illness, the date of admission minus the median number of days between
illness onset and admission for patients with COVID-19 was used for a date
of illness onset, also referred to as “illness onset” for this report.

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

dose (among vaccinated participants) and illness onset.
Unvaccinated patients were assigned values of zero days since
vaccination. In additional analyses, other specifications of
time were considered, including using linear and natural cubic
spline terms. Bootstrapping with 1,000 replications was used
to estimate 95% Cls. Subgroup analyses included adults aged
265 years, patients with immunocompromising conditions,’
and patients with three or more categories of chronic medical
conditions. A sensitivity analysis was also performed includ-
ing each of the two control groups in models rather than
combining them. Significance of association between VE and
time since vaccination was assessed using a likelihood-ratio
chi-square test with p-values <0.05 considered statistically
significant. Analyses were conducted using R statistical software
(version 4.0.3; R Foundation). This activity was determined
to be public health surveillance by each participating site and
CDC and was conducted consistent with applicable federal
law and CDC policy.**

After excluding 722 ineligible patients (461 who were not
fully vaccinated or unvaccinated, 127 who received a non-
mRNA COVID-19 vaccine or mixed vaccines, and 134 who
did not meet other inclusion criteria), 3,089 patients were
included in the final analysis (1,194 case-patients and 1,895 in
the combined control groups) (Table). The median patient age
was 59 years (interquartile range = 46—69 years), 48.7% were
female, 56.7% were non-Hispanic White, and 21.1% had an
immunocompromising condition. Among case-patients, 141
(11.8%) were fully vaccinated as were 988 (52.1%) controls.
Among 454 case-patient specimens with SARS-CoV-2 lineage
determined, 242 (53.3%) were identified as Alpha and 74
(16.3%) as Delta (Figure 1). Delta variants became the domi-
nant virus in mid-June. Overall VE against hospitalization for
COVID-19 was 86% (95% CI = 82%-88%) over the full
surveillance period, including 90% (95% CI = 87%-92%)
among patients without immunocompromising conditions
and 63% (95% CI = 44%-76%) among patients with immu-
nocompromising conditions. VE among patients with illness
onset during March—May was 87% (95% CI = 83%-90%),
and among those with illness onset during June—July was
84% (95% CI = 79%-89%). In models considering time
since vaccination, VE was 86% (95% CI = 82%-90%)

9 Immunocompromising conditions included having one or more of the
following: active solid organ cancer (active cancer defined as treatment for the
cancer or newly diagnosed cancer in the past 6 months), active hematologic
cancer (such as leukemia, lymphoma, or myeloma), HIV infection without
AIDS, AIDS, congenital immunodeficiency syndrome, previous splenectomy,
previous solid organ transplant, immunosuppressive medication, systemic
lupus erythematosus, rheumatoid arthritis, psoriasis, scleroderma, or
inflammatory bowel disease, including Crohn’s disease or ulcerative colitis.

** 45 C.ER. part46.102(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.
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TABLE. Characteristics of COVID-19 case-patients and controls among hospitalized adults — 21 academic medical centers in 18 states,
March-July 2021

No. (%)
Characteristic Overall (N = 3,089) Cases (n=1,194) Controls (n = 1,895) P-value*
Median age, yrs (IQR) 59 (46-69) 56 (42-66) 62 (48-71) <0.001
Age group, yrs <0.001
18-49 950 (30.8) 445 (37.3) 505 (26.7)
50-64 1,008 (32.6) 424 (35.5) 584 (30.8)
>65 1,131 (36.6) 325(27.2) 806 (42.5)
Sex
Female 1,504 (48.7) 580 (48.6) 924 (48.8) 0.921
Race/Ethnicity <0.001
White, non-Hispanic 1,752 (56.8) 548 (45.9) 1,204 (63.5)
Black, non-Hispanic 693 (22.4) 312 (26.1) 381 (20.1)
Hispanic, any race 467 (15.1) 245 (20.5) 222 (11.7)
Other, non-Hispanic 140 (4.5) 67 (5.6) 73(3.9)
Unknown 37(1.2) 22(1.8) 15(0.8)
Region' <0.001
Northeast 432 (14.0) 165 (13.8) 267 (14.1)
South 1,151 (37.3) 459 (38.4) 692 (36.5)
Midwest 818 (26.5) 265 (22.2) 553(29.2)
West 688 (22.3) 305 (25.5) 383(20.2)
Resident in long-term care facility (100 unknown) 141 (4.7) 29 (2.5) 112 (6.1) <0.001
Previous hospitalization in last year (231 unknown) 1,297 (45.4) 319 (30.0) 978 (54.5) <0.001
No. of baseline conditions (2 unknown)$ <0.001
0 552(17.9) 301 (25.2) 251(13.3)
1 736 (23.8) 310(26.0) 426 (22.5)
2 766 (24.8) 260 (21.8) 506 (26.7)
>3 1,033 (33.5) 322(27.0) 711 (37.5)
Specific chronic conditions
Cardiovascular disease (1 unknown) 1,900 (61.5) 647 (54.2) 1,253 (66.2) <0.001
Pulmonary disease (1 unknown) 804 (26.0) 257 (21.5) 547 (28.9) <0.001
Diabetes mellitus (1 unknown) 952 (30.8) 348 (29.2) 604 (31.9) 0.108
Immunocompromising condition* (2 unknown)? 652 (21.1) 205(17.2) 447 (23.6) <0.001
Fully vaccinated** 1,129 (36.6) 141 (11.8) 988 (52.1) <0.001
Vaccine product received (among fully vaccinated persons) 0.030
Pfizer-BioNTech 666 (59.0) 95 (67.4) 571 (57.8)
Moderna 463 (41.0) 46 (32.6) 417 (42.2)
If fully vaccinated, median (IQR) days from second 65 (41-93) 60 (36-94) 66 (42-93) 0.509

vaccine dose and onset of symptoms

Abbreviation: IQR = interquartile range.

* P-values determined using the Wilcoxon rank-sum test for continuous variables and by chi-square test of independence for categorical variables.

T Hospitals by region included Northeast: Baystate Medical Center (Springfield, Massachusetts), Beth Israel Deaconess Medical Center (Boston, Massachusetts),
Montefiore Medical Center (Bronx, New York); South: Vanderbilt University Medical Center (Nashville, Tennessee), University of Miami Medical Center (Miami, Florida),
Emory University Medical Center (Atlanta, Georgia), Johns Hopkins Hospital (Baltimore, Maryland), Wake Forest University Baptist Medical Center (Winston-Salem,
North Carolina), Baylor Scott and White Health (Temple, Texas); Midwest: University of lowa Hospitals (lowa City, lowa), University of Michigan Hospital (Ann Arbor,
Michigan), Hennepin County Medical Center (Minneapolis, Minnesota), Barnes-Jewish Hospital (St. Louis, Missouri), Cleveland Clinic (Cleveland, Ohio), Ohio State
University Wexner Medical Center (Columbus, Ohio); West: Stanford University Medical Center (Stanford, California), UCLA Medical Center (Los Angeles, California),
UCHealth University of Colorado Hospital (Aurora, Colorado), Oregon Health & Science University Hospital (Portland, Oregon), Intermountain Medical Center
(Murray, Utah), University of Washington (Seattle, Washington).

$ Chronic condition categories included the following: cardiovascular disease, neurologic disease, pulmonary disease, gastrointestinal disease, endocrine disease,
renal disease, hematologic disease, malignancy, immunosuppression not captured in other categories, autoimmune condition, or other condition (sarcoidosis,
amyloidosis, or unintentional weight loss =10 pounds in the last 90 days).

T Immunocompromising conditions included having one or more of the following: active solid organ cancer (active cancer defined as treatment for the cancer or
newly diagnosed cancer in the past 6 months), active hematologic cancer (such as leukemia, lymphoma, or myeloma), HIV infection without AIDS, AIDS, congenital
immunodeficiency syndrome, previous splenectomy, previous solid organ transplant, immunosuppressive medication, systemic lupus erythematosus, rheumatoid
arthritis, psoriasis, scleroderma, or inflammatory bowel disease, including Crohn’s disease or ulcerative colitis.

** COVID-19 vaccination status included unvaccinated, defined as no receipt of any SARS CoV-2 vaccine, and fully vaccinated, defined as receipt of both doses of a
2-dose mRNA vaccine with the second dose received =14 days before illness onset.
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during the 2—12 weeks after the second vaccine dose and 84%
(95% CI = 77%-90%) 13—24 weeks after the second dose;
there was no significant difference in VE between these two
periods (p = 0.854). Models treating time since vaccination as
linear and as a natural cubic spline with a knot at the median
and boundary knots at the 10th and 90th percentiles also
showed no significant change in VE over a 24-week period
(linear p = 0.400, spline p = 0.234) (Supplementary Figure,
https://stacks.cdc.gov/view/cdc/108758). No significant change
in VE over a 24-week period was observed within subgroups (all

p>0.05) (Figure 2). In sensitivity analyses, results were similar
using individual control groups and combined controls.

Discussion

In a multistate network that enrolled adults hospitalized
during March—July 2021, effectiveness of 2 doses of mRNA
vaccine against COVID-19-associated hospitalization was
sustained over a follow-up period of 24 weeks (approximately
6 months). These findings of sustained VE were consistent
among subgroups at highest risk for severe outcomes from

COVID-19, including older adults, adults with three or more

FIGURE 1. Whole genome sequencing lineage determination among adults hospitalized with COVID-19 — 21 academic medical centers in

18 states,* March-July 2021
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* Specimens with SARS-CoV-2 detected by reverse transcription—polymerase chain reaction and with a cycle threshold <32 for at least one of two nucleocapsid gene
targets tested underwent whole genome sequencing. SARS-CoV-2 lineages were assigned with >80% coverage using Pangolin genomes. Results are presented for
B.1.1.7 (Alpha) variants, B.1.617.2 (Delta) variants, and other (neither B.1.1.7 or B.1.617.2) variant with lineage determined by whole genome sequencing. Of 74 Delta
variants sequenced, four belonged to the AY.3 Delta sublineage. The histogram provides the number of viruses sequenced by week of hospital admission.

T Hospitals by region included Northeast: Baystate Medical Center (Springfield, Massachusetts), Beth Israel Deaconess Medical Center (Boston, Massachusetts),
Montefiore Medical Center (Bronx, New York); South: Vanderbilt University Medical Center (Nashville, Tennessee), University of Miami Medical Center (Miami, Florida),
Emory University Medical Center (Atlanta, Georgia), Johns Hopkins Hospital (Baltimore, Maryland), Wake Forest University Baptist Medical Center (Winston-Salem,
North Carolina), Baylor Scott and White Health (Temple, Texas); Midwest: University of lowa Hospitals (lowa City, lowa), University of Michigan Hospital (Ann Arbor,
Michigan), Hennepin County Medical Center (Minneapolis, Minnesota), Barnes-Jewish Hospital (St. Louis, Missouri), Cleveland Clinic (Cleveland, Ohio), Ohio State
University Wexner Medical Center (Columbus, Ohio); West: Stanford University Medical Center (Stanford, California), UCLA Medical Center (Los Angeles, California),
UCHealth University of Colorado Hospital (Aurora, Colorado), Oregon Health & Science University Hospital (Portland, Oregon), Intermountain Medical Center (Murray,

Utah), University of Washington (Seattle, Washington).
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chronic medical conditions, and those with immunocompro-
mising conditions. Overall VE in adults with immunocom-
promising conditions was lower than that in those without
immunocompromising conditions but was sustained over time
in both populations.

These data provide evidence for sustained high protection
from severe COVID-19 requiring hospitalization for up to
24 weeks among fully vaccinated adults, which is consistent
with data demonstrating mRNA COVID-19 vaccines have the
capacity to induce durable immunity, particularly in limiting
the severity of disease (9, 10). Alpha variants were the predomi-
nant viruses sequenced, although Delta variants became domi-
nant starting in mid-June, consistent with national surveillance
data (8). Because of limited sequenced virus, Delta-specific VE

was not assessed. VE was similar during June—July when circu-
lation of Delta increased in the United States compared with
VE during March—-May when Alpha variants predominated,
although further surveillance is needed.

The findings in this report are subject to at least six limita-
tions. First, the follow-up period was limited to approximately
24 weeks since receipt of full vaccination because of the recent
authorization of mRNA COVID-19 vaccines in the United
States. Additional analyses with longer duration of follow-up
since vaccination are warranted. Second, effectiveness over
time from authorized non-mRNA COVID-19 vaccines,
including Janssen’s (Johnson & Johnson) vaccine product, was
not assessed because of limited use of this vaccine during the
surveillance period. Third, time-varying VE was not assessed

FIGURE 2. Sustained vaccine effectiveness* against COVID-19 among hospitalized adults, by patient status’:5 and interval since vaccination —
21 medical centers in 18 states,’ March-July 2021
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Abbreviation: VE = vaccine effectiveness.

* VE was estimated using logistic regression comparing the odds of being fully vaccinated with an authorized mRNA COVID-19 vaccine with being unvaccinated in
case patients and controls using the equation VE = 100 X (1 - odds ratio). Models were adjusted for date of hospital admission (biweekly intervals), U.S. Department
of Health and Human Services region of hospital, age group (18-49, 50-64, or =65 years), sex, and race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic
of any race, non-Hispanic Other, or unknown). Analyses restricted to adults aged >65 years adjusted for age in years as a continuous variable. Binary time since
second dose of MRNA vaccine was added to the model with results for 2-12 weeks and 13-24 weeks shown. 95% confidence intervals shown by error bars.

T Immunocompromising conditions included having one or more of the following: active solid organ cancer (active cancer defined as treatment for the cancer or
newly diagnosed cancer in the past 6 months), active hematologic cancer (such as leukemia, lymphoma, or myeloma), HIV infection without AIDS, AIDS, congenital
immunodeficiency syndrome, previous splenectomy, previous solid organ transplant, immunosuppressive medication, systemic lupus erythematosus, rheumatoid
arthritis, psoriasis, scleroderma, or inflammatory bowel disease, including Crohn’s disease or ulcerative colitis.

§ Multiple morbidities were defined as having chronic conditions within three or more of the following condition categories: cardiovascular disease, neurologic
disease, pulmonary disease, gastrointestinal disease, endocrine disease, renal disease, hematologic disease, malignancy, immunosuppression not captured in other
categories, autoimmune condition, or other condition (sarcoidosis, amyloidosis, or unintentional weight loss =10 pounds in the last 90 days).

' Hospitals by region included Northeast: Baystate Medical Center (Springfield, Massachusetts), Beth Israel Deaconess Medical Center (Boston, Massachusetts),
Montefiore Medical Center (Bronx, New York); South: Vanderbilt University Medical Center (Nashville, Tennessee), University of Miami Medical Center (Miami, Florida),
Emory University Medical Center (Atlanta, Georgia), Johns Hopkins Hospital (Baltimore, Maryland), Wake Forest University Baptist Medical Center (Winston-Salem,
North Carolina), Baylor Scott and White Health (Temple, Texas); Midwest: University of lowa Hospitals (lowa City, lowa), University of Michigan Hospital (Ann Arbor,
Michigan), Hennepin County Medical Center (Minneapolis, Minnesota), Barnes-Jewish Hospital (St. Louis, Missouri), Cleveland Clinic (Cleveland, Ohio), Ohio State
University Wexner Medical Center (Columbus, Ohio); West: Stanford University Medical Center (Stanford, California), UCLA Medical Center (Los Angeles, California),
UCHealth University of Colorado Hospital (Aurora, Colorado), Oregon Health & Science University Hospital (Portland, Oregon), Intermountain Medical Center (Murray,
Utah), University of Washington (Seattle, Washington).
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Summary

What is already known about this topic?

COVID-19 mRNA vaccines provide strong protection against severe
COVID-19; however, the duration of protection is uncertain.

What is added by this report?

Among 1,129 patients who received 2 doses of a mRNA vaccine,
no decline in vaccine effectiveness against COVID-19 hospital-
ization was observed over 24 weeks. Vaccine effectiveness was
86% 2-12 weeks after vaccination and 84% at 13-24 weeks.
Vaccine effectiveness was sustained among groups at risk for
severe COVID-19.

What are the implications for public health practice?

mRNA vaccine effectiveness against COVID-19-associated
hospitalizations was sustained over 24 weeks; ongoing
monitoring is needed as new SARS-CoV-2 variants emerge. To
reduce hospitalization, all eligible persons should be offered
COVID-19 vaccination.

by lineage because of sample size. Fourth, residual confound-
ing might have been present, although the analysis adjusted
for potential confounders, including calendar time and patient
age. Fifth, this analysis did not consider VE over time among
persons aged <18 years or partially vaccinated persons. Finally,
the current analysis only included hospitalized adults and did
not include persons with asymptomatic SARS-CoV-2 infection
or COVID-19 who did not require hospitalization.

Protection against severe COVID-19 resulting in hospital-
ization was sustained through 24 weeks after vaccination with
mRNA COVID-19 vaccines. To reduce their risk for hospital-
ization, all eligible persons should be offered COVID-19 vac-
cination. Continued monitoring of VE against infection and
severe disease is needed as the elapsed time since vaccination
increases and new SARS-CoV-2 variants emerge.
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Effectiveness of Pfizer-BioNTech and Moderna Vaccines in Preventing
SARS-CoV-2 Infection Among Nursing Home Residents Before and During
Widespread Circulation of the SARS-CoV-2 B.1.617.2 (Delta) Variant —
National Healthcare Safety Network, March 1-August 1, 2021
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On August 18, 2021, this report was posted as an MMWR Early
Release on the MMNR website (https:/fwww.cdc.gov/mmuwr).

Nursing home and long-term care facility residents live in
congregate settings and are often elderly and frail, putting
them at high risk for infection with SARS-CoV-2, the virus
that causes COVID-19, and severe COVID-19-associated
outcomes; therefore, this population was prioritized for early
vaccination in the United States (/). Following rapid distribu-
tion and administration of the mRNA COVID-19 vaccines
(Pfizer-BioNTech and Moderna) under an Emergency Use
Authorization by the Food and Drug Administration (2),
observational studies among nursing home residents demon-
strated vaccine effectiveness (VE) ranging from 53% to 92%
against SARS-CoV-2 infection (3—6). However, concerns about
the potential for waning vaccine-induced immunity and the
recent emergence of the highly transmissible SARS-CoV-2
B.1.617.2 (Delta) variant® highlight the need to continue
to monitor VE (7). Weekly data reported by the Centers for
Medicaid & Medicare (CMS)—certified skilled nursing facili-
ties or nursing homes to CDC’s National Healthcare Safety
Network (NHSN)$ were analyzed to evaluate effectiveness of
full vaccination (2 doses received >14 days earlier) with any
of the two currently authorized mRNA COVID-19 vaccines
during the period soon after vaccine introduction and before
the Delta variant was circulating (pre-Delta [March 1-May 9,
2021]), and when the Delta variant predominated? (Delta
[June 21-August 1, 2021]). Using 17,407 weekly reports from
3,862 facilities from the pre-Delta period, adjusted effective-
ness against infection for any mRNA vaccine was 74.7%
(95% confidence interval [CI] = 70.0%-78.8%). Analysis
using 33,160 weekly reports from 11,581 facilities during
an intermediate period (May 10—June 20) found that the
adjusted effectiveness was 67.5% (95% CI = 60.1%-73.5%).
Analysis using 85,593 weekly reports from 14,917 facilities
during the Delta period found that the adjusted effectiveness

*These authors contributed equally to this report.

T heeps:/ /www.cdc.gov/coronavirus/2019-ncov/variants/delta-variant. html
S heeps:/fwww.cdc.gov/nhsn/ltc/covid19/index.heml

Y hteps://covid.cdc.gov/covid-data-tracker/#variant-proportions
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was 53.1% (95% CI = 49.1%—56.7%). Effectiveness estimates
were similar for Pfizer-BioNTech and Moderna vaccines. These
findings indicate that mRNA vaccines provide protection against
SARS-CoV-2 infection among nursing home residents; however,
VE was lower after the Delta variant became the predominant
circulating strain in the United States. This analysis assessed VE
against any infection, without being able to distinguish between
asymptomatic and symptomatic presentations. Additional evalu-
ations are needed to understand protection against severe disease
in nursing home residents over time. Because nursing home
residents might remain at some risk for SARS-CoV-2 infection
despite vaccination, multiple COVID-19 prevention strategies,
including infection control, testing, and vaccination of nursing
home staff members, residents, and visitors, are critical. An
additional dose of COVID-19 vaccine might be considered for
nursing home and long-term care facility residents to optimize
a protective immune response.

Effectiveness of mRNA COVID-19 vaccines against labora-
tory-confirmed SARS-CoV-2 infection among nursing home
residents was evaluated using data reported to NHSN. CMS-
certified nursing homes are required to report aggregate weekly
numbers of new laboratory-confirmed SARS-CoV-2 infections
among residents, by vaccination status (product and number
of doses received), to NHSN. Vaccination status of cases was
categorized as 1) unvaccinated (no COVID-19 vaccine doses);
2) fully vaccinated with an mRNA vaccine (2 doses >14 days before
collection of a SARS-CoV-2—positive specimen), and 3) “other”
(single dose of mRNA or Janssen [Johnson & Johnson] vaccine
or received unspecified vaccines). Nursing homes also reported
weekly on the number of residents by vaccination status; reporting
on resident vaccination status was voluntary during the pre-Delta
period but was required by CMS starting on June 6, 2021.

Facility-level weekly records for the analysis combined case
counts by vaccination status in each week with the weekly num-
ber of residents by vaccination status 2 weeks previously. This
ensured that residents were counted as fully vaccinated only after
>14 days from receipt of a second dose. Weekly reports of case
counts were excluded if a facility did not report resident counts
by vaccination status for the corresponding week 2 weeks earlier.
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Records from facilities with case data during March 1-August 1,
2021, and the corresponding data on resident vaccination status
during February 15-July 18, 2021, were combined for an overall
22-week study period. During the study period, 15,254 facilities
sent 330,864 weekly reports with case counts to NHSN; of these,
15,2306 facilities (99.9%) sent 144,334 (43.6%) weekly reports
with counts of residents by vaccination status.

A generalized linear mixed effects model was used with a
zero-inflated Poisson distribution (used to model data that have
an excess of zero counts) for case counts by vaccination status,
offset by resident counts, to estimate the ratio of infection rates
among fully vaccinated and unvaccinated residents. To account
for variability across sites, facility was included as a random
effect. Because of potential for confounding by time, calendar
week was modeled as a fixed effect covariate. Nonlinearity of
infection rates over calendar weeks was modeled with cubic
splines. To evaluate the effect of circulating SARS-CoV-2 vari-
ants on VE, the study period was stratified into three periods:
1) pre-Delta (March 1-May 9); 2) intermediate, the period
when Delta circulation was documented but not predominant
(May 10—June 20); and 3) Delta, when 250% of SARS-CoV-2
viruses sequenced were the Delta variant (June 21-August 1),
with an interaction term between this categorical time vari-
able and vaccination status to obtain VE estimates for each
period. The following characteristics were evaluated as potential
confounders of VE: 1) facility-level cumulative SARS-CoV-2
infection rates combined for staff members and residents from
May 8, 2020, through the week of reporting; 2) weekly local
county incidence of SARS-CoV-2 infections; and 3) CDC
Social Vulnerability Index score™* for each facility’s county. The
change-in-estimate criterion for the regression coefficient with
a 10% cutoff was used to evaluate covariates; none met this
criterion. VE was estimated as 1 minus the rate ratio multiplied
by 100, adjusted for calendar week and facility as a random
effect. VE for the “other” category is not presented because this
group combines different categories, and estimates would not
be meaningful. Data analysis was conducted using SAS (ver-
sion 9.4; SAS Institute) and R (version 4.0.4; R Foundation);
statistical significance was defined as p<0.05. This activity was
reviewed by CDC and was conducted consistent with federal
laws and institutional policies.t’

After applying exclusion criteria and combining facility-level
weekly case and corresponding resident counts, the analysis
included 136,160 reports from 14,997 facilities (median of
eight reports per facility; interquartile range = 6-10), with
3,862 (25.8%) facilities reporting during the pre-Delta period,

** hteps://www.atsdr.cdc.gov/placeandhealth/svi/data_documentation_
download.html

T 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.

1164 MMWR / August 27,2021 / Vol.70 / No. 34

11,581 (77.2%) during the intermediate period, and 14,917
(99.5%) during the Delta period. Overall, the analysis included
10,428,783 aggregate weekly resident counts, including
1,531,446 (14.7%) unvaccinated residents, 5,174,098 (49.6%)
fully vaccinated with Pfizer-BioNTech, 2,633,700 (25.3%)
fully vaccinated with Moderna, and 1,089,539 (10.4%) with
“other” vaccination status. Overall, 6,879 COVID-19 cases
were identified, including 2,113 (30.7%) in unvaccinated
residents, 2,603 (37.8%) in residents fully vaccinated with
Pfizer-BioNTech, 1,302 (18.9%) in residents fully vaccinated
with Moderna, and 861 (12.5%) in residents with “other”
vaccination status.

During the pre-Delta period, adjusted VE against infec-
tion among those fully vaccinated (versus unvaccinated) was
74.7% for any mRNA vaccine, 74.2% for Pfizer-BioNTech,
and 74.7% for Moderna (Table). During the Delta period,
adjusted VE against infection among those fully vaccinated was
53.1% for any mRNA vaccine, 52.4% for Pfizer-BioNTech,
and 50.6% for Moderna. VE estimates for the Delta period
were significantly lower than those for the pre-Delta period
(p<0.001). VE point estimates during the intermediate period
were lower than those during the pre-Delta period; however,
the estimates were not significantly different (p = 0.06) (Table).

Discussion

Analysis of nursing home COVID-19 data from NHSN
indicated a significant decline in effectiveness of full mRNA
COVID-19 vaccination against laboratory-confirmed
SARS-CoV-2 infection, from 74.7% during the pre-Delta
period (March 1-May 9, 2021) to 53.1% during the period
when the Delta variant predominated in the United States.
This study could not differentiate the independent impact of
the Delta variant from other factors, such as potential waning
of vaccine-induced immunity. Further research on the possible
impact of both factors on VE among nursing home residents
is warranted. Because nursing home residents might remain
at some risk for SARS-CoV-2 infection despite vaccination,
multipronged COVID-19 prevention strategies, including
infection control,$ testing, and vaccination of nursing home
staff members, residents, and visitors are critical.

These results (pre-Delta 74.7%; Delta 53.1%) fall within the
range of findings from other studies of COVID-19 mRNA VE
in nursing home residents conducted before the Delta variant
was prevalent, with estimates against infection ranging from
53% to 92% (3-6). Variability in VE estimates across studies can
result from differences in underlying populations, SARS-CoV-2
testing practices and diagnostics, prevalence of previous infec-
tions, analytic methods, and virus variant strains in circulation.

S heeps:/ fwww.cde.gov/coronavirus/2019-ncov/hep/long-term-care.html
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TABLE. Effectiveness of full vaccination* with Pfizer-BioNTech or Moderna vaccines in preventing SARS-CoV-2 infection among nursing home
residents, by period of B.1.617.2 (Delta) variant circulation — National Healthcare Safety Network, March 1-August 1, 2021

Vaccine effectiveness, % (95% Cl)

Aggregate weekly
Vaccine type/Periodt count of residents  No. of cases Unadjusted$ Adjusted" p-value**
Any mRNA vaccine
Period 1: pre-Delta 936,123 466 74.3 (69.5-78.4) 74.7 (70.0-78.8) Ref
Period 2: intermediate 1,859,929 440 65.8 (58.5-71.9) 67.5(60.1-73.5) 0.06
Period 3: Delta 5,011,746 2,999 52.8 (48.8-56.5) 53.1(49.1-56.7) <0.001
Pfizer-BioNTech
Period 1: pre-Delta 679,288 348 74.7 (69.5-79.0) 74.2 (68.9-78.7) Ref
Period 2: intermediate 1,246,078 316 63.5 (54.9-70.5) 66.5 (58.3-73.1) 0.07
Period 3: Delta 3,248,732 1,939 52.2 (47.7-56.3) 52.4 (48.0-56.4) <0.001
Moderna
Period 1: pre-Delta 256,835 118 72.6 (66.1-77.8) 74.7 (66.2-81.1) Ref,
Period 2: intermediate 613,851 124 73.2 (66.8-78.3) 70.4 (60.1-78.0) 0.45
Period 3: Delta 1,763,014 1,060 48.4 (42.3-53.8) 50.6 (45.0-55.7) <0.001
Unvaccinated
Period 1: pre-Delta 217,534 447 Ref NA
Period 2: intermediate 360,051 269
Period 3: Delta 953,861 1,397

Abbreviations: Cl = confidence interval; NA = not applicable; Ref = referent group.

* Fully vaccinated cases were defined as infections in residents who received the second of 2 doses of either Pfizer-BioNTech or Moderna vaccines >14 days before

SARS-CoV-2—-positive specimen collection.

1 Periods for analysis were stratified as follows: period 1 = pre-Delta (March 1-May 9, 2021); period 2 = intermediate (May 10-June 20, 2021); period 3 = Delta

(June 21-August 1, 2021).

8 Results from a generalized linear mixed effects model with random effects for facility and zero-inflated Poisson distribution; vaccine effectiveness was estimated
as 1 minus the rate ratio multiplied by 100, with rate ratio comparing rates among fully vaccinated to those among unvaccinated persons. Results for “other”
category, which included those who received a single dose of Janssen (Johnson & Johnson) or mRNA vaccine, or those residents who received unspecified vaccines
are not presented because this group combines the different categories and estimates will not be meaningful.

9 Results from the same model controlling for calendar week of reporting of case counts.

** p-values for comparison of adjusted vaccine effectiveness estimates in period 2 and period 3 with estimates in period 1. The difference in estimates among periods
was evaluated by adding an interaction between periods and vaccine status in the model.

Nursing home residents, who are often elderly and frail,
might have a less robust response to vaccines, and are at higher
risk for infection with SARS-CoV-2 and for severe COVID-19
(8). In addition, nursing home residents were among the ear-
liest groups vaccinated in the United States; thus, if vaccine-
induced immunity does wane over time, this decrease in VE
might first be observed among nursing home residents. Because
increased U.S. circulation of the Delta variant coincided with
a period =6 months after vaccine introduction, the extent to
which reduced vaccine protection against Delta and potential
waning immunity contributed to the lower VE in the Delta
period could not be determined by this study.

Nursing homes were aggressive in case ascertainment because
of guidelines recommending weekly point prevalence surveys
if a single SARS-CoV-2 infection in a staff member or resident
was identified.YY This analysis assessed VE against any infec-
tion, without being able to distinguish between asymptomatic
and symptomatic infections. Additional evaluations are needed
to understand protection against severe disease in nursing home
residents over time.

The findings in this report are subject to at least five limita-
tions. First, resident-level demographic or clinical data were not

99 heeps:/ fwww.cms.gov/files/document/qso-20-38-nh.pdf
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reported to NHSN. Therefore, the analysis could not control
for potential confounders, such as age, presence of underlying
health conditions, or the influence of previous SARS-CoV-2
infections on VE. Second, vaccination dates were not available
and time since vaccination could not be measured to evaluate
potential waning of protection. Third, staff member vaccina-
tion data were not sufficiently complete to assess as a potential
confounder. Fourth, before June 7, 2021, weekly reporting of
resident vaccination status was voluntary, and missing data lim-
ited inclusion of facility records during this period. Although
the magnitude of potential bias introduced by missing data
could not be assessed, a bias indicator analysis was conducted,
which indicated that VE was likely underestimated during the
pre-Delta period (COVID-19 Vaccine Effectiveness Team,
CDC, unpublished data, 2021). Finally, the study assessed
only nursing home residents and is not generalizable to the
broader population.

Both Pfizer-BioNTech and Moderna mRNA vaccines were
highly effective in preventing SARS-CoV-2 infection in nursing
home residents early after vaccine introduction. However, the
effectiveness among this population in recent months has been
significantly lower. To prevent transmission of SARS-CoV-2
in nursing homes, these findings highlight the critical impor-
tance of COVID-19 vaccination of staff members, residents,
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Summary
What is already known about this topic?
Early observational studies among nursing home residents

showed mRNA vaccines to be 53% to 92% effective against
SARS-CoV-2 infection.

What is added by this report?

Two doses of mRNA vaccines were 74.7% effective against
infection among nursing home residents early in the vaccina-
tion program (March-May 2021). During June—July 2021, when

B.1.617.2 (Delta) variant circulation predominated, effectiveness
declined significantly to 53.1%.

What are the implications for public health practice?

Multicomponent COVID-19 prevention strategies, including
vaccination of nursing home staff members, residents, and
visitors, are critical. An additional dose of COVID-19 vaccine
might be considered for nursing home and long-term care
facility residents to optimize a protective immune response.

and visitors and adherence to rigorous COVID-19 prevention
strategies. An additional dose of COVID-19 vaccine might
be considered for nursing home and long-term care facility
residents to optimize a protective immune response.***

*** hteps:/[www.cdc.gov/vaccines/acip/meetings/slides-2021-08-13.html
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Effectiveness of COVID-19 Vaccines in Preventing SARS-CoV-2 Infection
Among Frontline Workers Before and During B.1.617.2 (Delta) Variant
Predominance — Eight U.S. Locations, December 2020-August 2021

Ashley Fowlkes, ScD; Manjusha Gaglani, MBBSZ; Kimberly Groover, PhD3; Matthew S. Thiese, PhD4;
Harmony Tyner, MD?; Katherine Ellingson, PhD® HEROES-RECOVER Cohorts

On August 24, 2021, this report was posted as an MMWR Early
Release on the MMWR website (https:/fwww.cde.gov/mmuwr).

During December 14, 2020-April 10, 2021, data from
the HEROES-RECOVER Cohorts,* a network of prospec-
tive cohorts among frontline workers, showed that the Pfizer-
BioNTech and Moderna mRNA COVID-19 vaccines were
approximately 90% effective in preventing symptomatic and
asymptomatic infection with SARS-CoV-2, the virus that causes
COVID-19, in real-world conditions (Z,2). This report updates
vaccine effectiveness (VE) estimates including all COVID-19
vaccines available through August 14, 2021, and examines
whether VE differs for adults with increasing time since comple-
tion of all recommended vaccine doses. VE before and during
SARS-CoV-2 B.1.617.2 (Delta) variant predominance, which
coincided with an increase in reported COVID-19 vaccine
breakthrough infections, were compared (3,4).

Methods for the HEROES-RECOVER Cohorts have
been published previously (7,2,5). Health care personnel,
first responders, and other essential and frontline workers
in eight U.S. locations across six states were tested weekly
for SARS-CoV-2 infection by reverse transcription—poly-
merase chain reaction (RT-PCR)T and upon the onset of
any COVID-19-like illness. Weeks when the Delta variant
accounted for 250% of viruses sequenced, based on data from
each respective location, were defined as weeks of Delta variant
predominance. Vaccination was documented by self-report and
verified by provision of vaccine cards or extraction from elec-
tronic medical records or state immunization registries. Among
4,217 participants, 3,483 (83%) were vaccinated; 2,278 (65%)
received Pfizer-BioNTech, 1,138 (33%) Moderna, and 67
(2%) Janssen (Johnson & Johnson) COVID-19 vaccines.
Cox proportional hazards models were used to calculate ratios
of unvaccinated to fully vaccinated (214 days after receipt of
all recommended COVID-19 vaccine doses) infection rates,

*Arizona Healthcare, Emergency Response and Other Essential Workers
Surveillance Study (HEROES) conducted in Phoenix, Tucson, and other
noncentrally located areas in Arizona; Research on the Epidemiology of
SARS-CoV-2 in Essential Response Personnel (RECOVER) conducted in
Miami, Florida; Duluth, Minnesota; Portland, Oregon; Temple, Texas; and
Salt Lake City, Utah.

TRT-PCR was conducted using the Quidel Lyra SARS-CoV-2 Assay (before
November 2020) or TagPath COVID-19 Combo Kit (Applied Biosystems) at
the Marshfield Clinic Research Institute (Marshfield, WT).

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

adjusted for occupation, site, and local viral circulation (6), and
weighted for inverse probability of vaccination using sociode-
mographic characteristics, health information, frequency of
close social contact, and mask use. This activity was reviewed
by CDC and was conducted consistent with applicable federal
law and CDC policy.

During the 35-week study period, 4,136 participants with
no previous laboratory-documented SARS-CoV-2 infection
contributed a median of 20 unvaccinated days per participant
(interquartile range [IQR] = 8—45 days; total = 181,357 days),
during which 194 SARS-CoV-2 infections were identified;
89.7% of these infections were symptomatic. A total of 2,976
participants contributed a median of 177 fully vaccinated days
(IQR = 115-195 days; total = 455,175 days) with 34 infec-
tions, 80.6% of which were symptomatic. Adjusted VE against
SARS-CoV-2 infection was 80% (95% confidence interval
[CI] = 69%—88%). The VE point estimate was 85% among
participants for whom <120 days had elapsed since comple-
tion of full vaccination compared with 73% among those for
whom >150 days had elapsed; however the VE 95% CI were
overlapping, indicating the difference was not statistically
significant (Table).

During Delta variant—predominant weeks at study
sites, 488 unvaccinated participants contributed a median
of 43 days (IQR = 37-69 days; total = 24,871 days)
with 19 SARS-CoV-2 infections (94.7% symptomatic);
2,352 fully vaccinated participants contributed a median of
49 days (IQR = 35-56 days; total = 119,218 days) with 24
SARS-CoV-2 infections (75.0% symptomatic). Adjusted
VE during this Delta predominant period was 66%
(95% CI = 26%-84%) compared with 91% (95% CI = 81%—
96%) during the months preceding Delta predominance.

During December 14, 2020—August 14, 2021, full vaccina-
tion with COVID-19 vaccines was 80% effective in preventing
RT-PCR—confirmed SARS-CoV-2 infection among frontline
workers, further affirming the highly protective benefit of full
vaccination up to and through the most recent summer U.S.
COVID-19 pandemic waves. The VE point estimates declined
from 91% before predominance of the SARS-CoV-2 Delta

S45C.FR. 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.
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TABLE. Effectiveness of COVID-19 vaccines against any SARS-CoV-2 infection among frontline workers, by B.1.617.2 (Delta) variant predominance
and time since full vaccination — eight U.S. locations, December 2020-August 2021

No. of contributing Total no. of No. of SARS-CoV-2 Adjusted VE,*
Period and vaccination status participants* person-days Median days (IQR) infections % (95% ClI)
Full cohort to date
Unvaccinated 4,136 181,357 20 (8-45) 194 N/A
Fully vaccinated$ 2,976 454,832 177 (115-195) 34 80 (69-88)
14-119 days after full vaccination 2,923 284,617 106 (106-106) 13 85 (68-93)
120-149 days after full vaccination 2,369 66,006 30 (30-30) 3 81 (34-95)
>150 days after full vaccination 2,129 104,174 52 (37-64) 18 73 (49-86)
Pre-Delta variant predominance
Unvaccinated 4,137 156,626 19 (8-43) 175 N/A
Fully vaccinated 2,875 329,865 124 (95-149) 10 91 (81-96)
Delta variant predominance
Unvaccinated 488 24,871 43 (37-69) 19 N/A
Fully vaccinated 2,352 119,218 49 (35-56) 24 66 (26-84)

Abbreviations: Cl = confidence interval; IQR = interquartile range; N/A = not applicable; SMD = standardized mean difference; VE = vaccine effectiveness.

* Person-days between the date of any dose of COVID-19 vaccine and fully vaccinated status were excluded from VE models because of indeterminate immune status.
Participants with SARS-CoV-2 infection during this period were also excluded; in the pre-Delta period, 47 participants were excluded, and in the Delta period, two
participants were excluded. Contributing participants in vaccination categories also do not equal the total number of participants in the cohort.

 Adjusted VE was inversely weighted for probability of being vaccinated and adjusted for local virus circulation, study location, and occupation. Delta variant models
were additionally adjusted for ethnicity. All Cox regression models met the proportional hazards assumption. To calculate the probability of being vaccinated for
each period, boosted regression models were fit including covariates for site, sociodemographic characteristics, health information, frequency of close social contact,
mask use, and local virus circulation. In the full cohort to date and the pre-Delta cohort, all covariates met balance criteria of SMD<0.2 after weighting except mask
use at work (SMD = 0.227 and 0.207, respectively) but was not found to change VE estimates by >3% when added to the models. In the Delta predominant cohort
occupation, ethnicity, influenza vaccination, and mask use at work did not meet balance criteria (SMD range = 0.206-0.288); influenza vaccination and mask use at
work did not change VE estimates by >3%; however, occupation and ethnicity did change VE by 3% and were therefore included as covariates in the Cox regression
model for VE.

$ Fully vaccinated was defined as =14 days after receipt of all recommended COVID-19 vaccine doses.

variant to 66% since the SARS-CoV-2 Delta variant became
predominant at the HEROES-RECOVER cohort study sites;
however, this trend should be interpreted with caution because
VE might also be declining as time since vaccination increases
and because of poor precision in estimates due to limited
number of weeks of observation and few infections among
participants. As with all observational VE studies, unmeasured
and residual confounding might be present. Active surveillance
through the cohort is ongoing and VE estimates will be moni-
tored continuously. Although these interim findings suggest a
moderate reduction in the effectiveness of COVID-19 vaccines
in preventing infection, the sustained two thirds reduction
in infection risk underscores the continued importance and

benefits of COVID-19 vaccination.
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SARS-CoV-2 Infections and Hospitalizations Among Persons Aged =16 Years,
by Vaccination Status — Los Angeles County, California, May 1-July 25, 2021

Jennifer B. Griffin, PhD!; Meredith Haddix, MPH!; Phoebe Danza, MPH!; Rebecca Fisher, MPH!; Tae Hee Koo, MPH!; Elizabeth Traub, MPH!;
Prabhu Gounder, MD!; Claire Jarashow, PhD?2; Sharon Balter, MD!

On August 24, 2021, this report was posted as an MMWR Early
Release on the MMWR website (https://www.cde.govimmauwr).

COVID-19 vaccines fully approved or currently authorized
for use through Emergency Use Authorization from the Food
and Drug Administration are critical tools for controlling the
COVID-19 pandemic; however, even with highly effective
vaccines, a proportion of fully vaccinated persons will become
infected with SARS-CoV-2, the virus that causes COVID-19
(1). To characterize postvaccination infections, the Los Angeles
County Department of Public Health (LACDPH) used
COVID-19 surveillance and California Immunization Registry 2
(CAIR2) data to describe age-adjusted infection and hospitaliza-
tion rates during May 1-July 25, 2021, by vaccination status.
Whole genome sequencing (WGS)—based SARS-CoV-2 lineages
and cycle threshold (Ct) values from qualitative reverse transcrip-
tion—polymerase chain reaction (RT-PCR) for two SARS-CoV-2
gene targets, including the nucleocapsid (N) protein gene region
and the open reading frame 1 ab (ORF1ab) polyprotein gene
region,™ were reported for a convenience sample of specimens.
Among 43,127 reported SARS-CoV-2 infections in Los Angeles
County residents aged >16 years, 10,895 (25.3%) were in fully
vaccinated persons, 1,431 (3.3%) were in partially vaccinated
persons, and 30,801 (71.4%) were in unvaccinated persons.
Much lower percentages of fully vaccinated persons infected
with SARS-CoV-2 were hospitalized (3.2%), were admitted to
an intensive care unit (0.5%), and required mechanical ventila-
tion (0.2%) compared with partially vaccinated persons (6.2%,
1.0%, and 0.3%, respectively) and unvaccinated persons (7.6%,
1.5%, and 0.5%, respectively) (p<0.001 for all comparisons).
On July 25, the SARS-CoV-2 infection rate among unvaccinated
persons was 4.9 times and the hospitalization rate was 29.2 times
the rates among fully vaccinated persons. During May 1-July 25,
the percentages of B.1.617.2 (Delta) variant infections estimated
from 6,752 samples with lineage data increased among fully
vaccinated persons (from 8.6% to 91.2%), partially vaccinated
persons (from 0% to 88.1%), and unvaccinated persons (from

*Gene targets for RT-PCR testing included the N protein gene region and the
ORF1ab polyprotein gene region. The N gene targets were analyzed separately
for two laboratories because Ct values are not directly comparable across different
testing laboratories; these N gene targets were designated SARS-CoV-2
nucleocapsid (SC2N) and N to differentiate between the two participating
laboratory partners. Gene targets were selected based on testing platforms used
by LACDPH laboratory partners.
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8.2% to 87.1%). In May, there were differences in median
Ct values by vaccination status; however, by July, no differences
were detected among specimens from fully vaccinated, partially
vaccinated, and unvaccinated persons by gene targets. These
infection and hospitalization rate data indicate that authorized
vaccines were protective against SARS-CoV-2 infection and
severe COVID-19 during a period when transmission of the
Delta variant was increasing. Efforts to increase COVID-19
vaccination, in coordination with other prevention strategies,
are critical to preventing COVID-19-related hospitalizations
and deaths.

LACDPH analyzed data for laboratory-confirmed cases
of SARS-CoV-2 reported from testing laboratories to
LACDPH during May 1-July 25, 2021, which included a
total of 9,651,332 Los Angeles County residents (excluding
Pasadena and Long Beach residents).T A laboratory-confirmed
SARS-CoV-2 infection was defined as a first detectiond of
SARS-CoV-2 RNA or antigen in a respiratory specimen.
Vaccination status was ascertained by matching SARS-CoV-2
case surveillance and CAIR2 data on person-level identifiers
using an algorithm with both deterministic and probabilistic
passes. Persons were considered fully vaccinated =14 days after
receipt of the second dose in a 2-dose series (Pfizer-BioNTech
or Moderna COVID-19 vaccines) or after 1 dose of the single-
dose Janssen (Johnson & Johnson) COVID-19 vaccineS;
partially vaccinated >14 days after receipt of the first dose and
<14 days after the second dose in a 2-dose series; and unvac-
cinated <14 days after receipt of the first dose of a 2-dose series
or 1 dose of the single-dose vaccine or if no CAIR2 vaccination
data were available. COVID-19-associated hospitalizations
were defined as hospital admissions occurring <14 days after
a first SARS-CoV-2 infection. COVID-19-associated deaths
were defined as deaths occurring <60 days after the date of a
first laboratory-confirmed SARS-CoV-2 infection or deaths
with COVID-19 listed as a cause of or contributing condition
to death.

TThe population of Los Angeles County residents is based on 2018 population
estimates prepared for Los Angeles County Internal Services Department. These
population estimates exclude the populations of Pasadena and Long Beach
because they have independent public health departments.

S Cases were limited to first laboratory-confirmed infections and excluded
reinfections.

Yheeps://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-
guidance.html

US Department of Health and Human Services/Centers for Disease Control and Prevention
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Differences in the percentages of infections by vaccination
status were calculated using chi-square tests for categorical
variables and Kruskal-Wallis tests for medians; p-values <0.05
were considered statistically significant. Age-adjusted roll-
ing 7-day SARS-CoV-2 infection and hospitalization rates
were estimated by vaccination status.** Using convenience
samples, WGS lineage data from all available sequencing results
(6,752)™" and Ct values from diagnostic qualitative RT-PCR
assays targeting two genes (SARS-CoV-2 nucleocapsid [SC2N;
5,179], ORF1lab [1,041],and N [1,062]) from two laboratories
were reported over time by vaccination status. Analyses were
conducted using SAS (version 9.4; SAS Institute). This activ-
ity was determined by LACDPH’s Institutional Review Board
(IRB) to be a surveillance activity necessary for public health
work and therefore did not require IRB review.

The percentage of fully vaccinated Los Angeles County resi-
dents increased from 27% on May 1, 2021, to 51% on July 25,
2021. During the same period, 43,127 cases of SARS-CoV-2
infection among residents aged >16 years were reported to
LACDPH, including 10,895 (25.3%) in fully vaccinated
persons, 1,431 (3.3%) in partially vaccinated persons, and
30,801 (71.4%) in unvaccinated persons (Table). The larg-
est percentages of cases across all groups were among adults
aged 30-49 years and 18-29 years, females, and Hispanic
persons. Among fully vaccinated persons on July 25, 55.2%
had received the Pfizer-BioNTech vaccine, 28.0% had received
the Moderna vaccine, and 16.8% had received the Janssen
vaccine. Lower percentages of fully vaccinated persons were
hospitalized (3.2%), were admitted to an intensive care unit
(0.5%), and required mechanical ventilation (0.2%) compared
with partially vaccinated persons (6.2%, 1.0%, and 0.3%,
respectively) and unvaccinated persons (7.6%, 1.5%, and
0.5%, respectively) (p<0.001). Among hospitalized persons
and persons admitted to an intensive care unit, the median
age was higher among vaccinated persons (median = 64 years,
interquartile range [IQR] = 53.0-76.0 years; median = 64 years,
IQR = 54.0-76.0 years, respectively) and partially vaccinated
persons (median = 59, IQR = 46.0-72.0; median = 65,
IQR = 57.0-80.0, respectively) than among unvaccinated
persons (median = 49, IQR = 35.0-62.0; median = 56,
IQR =41.0-66.0, respectively) (p<0.001). A lower percentage
of fully vaccinated (1.2%) and partially vaccinated (2.0%)

** Adjusted rates were calculated using 2018 population estimates and were
standardized using the year 2000 U.S. standard population (https://www.cdc.
gov/cancer/uscs/technical_notes/stat_methods/rates.htm). Rolling 7-day
incidence was calculated by summing the total number of persons or
hospitalizations during a 7-day period and dividing by the total population
at the end of the 7-day period.

T WGS lineage data were from all sequencing results reported to LACDPH or
sequenced after specimens were referred to LACDPH laboratories.
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persons were admitted to a hospital after their SARS-CoV-2
positive test result date compared with unvaccinated persons
(4.2%). A lower percentage of deaths (0.2%, 24) occurred
among fully vaccinated persons than among partially vac-
cinated (0.5%, seven) and unvaccinated (0.6%, 176) persons
(p<0.001). Death investigations determined that six of the 24
fully vaccinated persons who died had immunocompromising
conditions, including HIV infection, cancer (i.e., prostate, pan-
creatic, lung, or leukemia), and liver transplantation, and that
the median age was higher among vaccinated (median = 78 years,
IQR = 63.5-87.5 years) and partially vaccinated (median = 74,
IQR = 58.0-80.0) persons than among unvaccinated persons
(median = 63, IQR = 51.5-79.5) (p = 0.01).

Among all Los Angeles County residents, the age-adjusted
7-day incidence and hospitalization rates increased exponen-
tially among unvaccinated, fully vaccinated, and partially vac-
cinated persons, with the highest rates among unvaccinated
persons in late June (Figure 1). On May 1, in unvaccinated per-
sons, the age-adjusted incidence (35.2 per 100,000 population)
was 8.4 times and the age-adjusted hospitalization rate
(4.6 per 100,000 population) was 10.0 times the rates in
fully vaccinated persons (4.2 and 0.46, respectively). Partially
vaccinated persons had a similar incidence (4.1) and hospi-
talization rate (0.27) as fully vaccinated persons. On July 25,
the age-adjusted incidence in unvaccinated persons (315.1)
was 4.9 times that in fully vaccinated persons (63.8); the rate
among partially vaccinated persons was 46.8. The age-adjusted
hospitalization rate in unvaccinated persons (29.4) was
29.2 times the rate in fully vaccinated persons (1.0); the hos-
pitalization rate was similar in partially vaccinated persons
(0.90) (Supplementary Table; https://stacks.cdc.gov/view/
cdc/109087).

During May 1-July 25, the percentages of residents aged
216 years with SARS-CoV-2 Delta variant infections increased
from 8.6% to 91.2% in fully vaccinated persons (1,667), from
0% to 88.1% in partially vaccinated persons (198), and from
8.2% to 87.1% in unvaccinated persons (4,887) (Figure 2).
In May, median Ct values were lower in specimens from unvac-
cinated persons than in those from partially vaccinated and
fully vaccinated persons for the ORFlab gene target (22.8,
36.6,and 27.7, respectively) and N gene target (24.0, 36.0, and
30.6, respectively); however, in July, no differences were found
by vaccination status among the gene targets (SC2N = 19.3,
20.2, and 19.4; ORF1lab = 18.8, 17.8, and 19.0; N = 19.3,
18.6, and 19.5, respectively) (Figure 2).
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TABLE. Number of SARS-CoV-2 cases among persons aged >16 years, by selected characteristics and vaccination status* — Los Angeles County,

California,t May 1-July 25, 2021
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Vaccination status, no. (%)

Characteristic Total Fully vaccinated Partially vaccinated Unvaccinated p-value

Total no. of cases 43,127 10,895 1,431 30,801 —

Vaccine manufacturer

Janssen (Johnson & Johnson) — 1,830 (16.8) — — —

Moderna — 3,047 (28.0) — — —

Pfizer-BioNTech — 6,018 (55.2) — — —

Median interval between final vaccine dose and — 98 (74-120) — — —
infection, no. of days (IQR)

Median age, yrs (IQR) 34 (26-46) 37 (28-52) 35(27-51) 32 (26-44) <0.001

Age group, yrs

16-17 1,120 (2.6) 107 (1.0) 34 (2.4) 979 (3.2) <0.001

18-29 14,758 (34.2) 3,017 (27.7) 432 (30.2) 11,309 (36.7)

30-49 18,106 (42.0) 4,649 (42.7) 582 (40.7) 12,875 (41.8)

50-64 6,418 (14.9) 2,025 (18.6) 255(17.8) 4,138 (13.4)

65-79 2,101 (4.9) 857 (7.9) 95 (6.6) 1,149 (3.7)

>80 624 (1.4) 240 (2.2) 33(2.3) 351(1.1)

Sex

Female 21,743 (50.4) 5,514 (50.6) 757 (52.9) 15,472 (50.2) <0.001

Male 20,425 (47.4) 5,249 (48.2) 659 (46.1) 14,517 (47.1)

Other or unknown 959 (2.2) 132(1.2) 15(1.0) 812 (2.6)

Race/Ethnicity

American Indian or Alaska Native 70(0.2) 7(0.2) 2(0.1) 51(0.2) <0.001

Asian 1,970 (4.6) 905 (8.3) 104 (7.3) 961 (3.1)

Black or African American 5,574 (12.9) 681 (6.3) 138(9.6) 4,755 (15.4)

Hispanic or Latino 14,144 (32.8) 3,450 (31.7) 511(35.7) 10,183 (33.1)

Multiple race 823 (1.9) 272 (2.5) 32(2.2) 519(1.7)

Native Hawaiian or Other Pacific Islander 210(0.5) 41(0.4) 8(0.6) 161 (0.5)

Other 3,998 (9.3) 778(7.1) 112 (7.8) 3,108 (10.1)

White 9,338 (21.7) 3,397 (31.2) 321 (22.4) 5,620 (18.2)

Missing 7,000 (16.2) 1,354 (12.4) 203 (14.2) 5,443 (17.7)

Hospitalized 2,794 (6.5) 350 (3.2) 89 (6.2) 2,355 (7.6) <0.001

Admitted to ICU 536(1.2) 55 (0.5) 15(1.0) 466 (1.5) <0.001

Required mechanical ventilation 189 (0.4) 19(0.2) 5(0.3) 165 (0.5) <0.001

Admitted to hospital after positive SARS-CoV-2 1,454 (3.4) 136 (1.2) 29 (2.0) 1,289 (4.2) <0.001
test date

Died 207 (0.5) 24(0.2) 7 (0.5) 176 (0.6) <0.001

Abbreviations: ICU = intensive care unit; IQR = interquartile range.

* Persons were considered fully vaccinated >14 days after receipt of the second dose in a 2-dose series (Pfizer-BioNTech or Moderna COVID-19 vaccines) or after 1 dose
of the single-dose Janssen (Johnson & Johnson) COVID-19 vaccine; partially vaccinated >14 days after receipt of the first dose and <14 days after the second dose
in a 2-dose series; and unvaccinated <14 days receipt of the first dose of a 2-dose series or 1 dose of the single-dose vaccine or if no vaccination registry data

were available.

T Among residents of Los Angeles County; excludes Pasadena and Long Beach.

Discussion

The results of this population-based analysis using linked
SARS-CoV-2 infection surveillance and vaccination registry
data indicate that fully vaccinated persons aged 216 years with
SARS-CoV-2 infection were less likely than unvaccinated
persons to be hospitalized, to be admitted to an intensive
care unit, to require mechanical ventilation, or to die from
SARS-CoV-2 infection during a period when the Delta variant
became predominant. Although age-adjusted hospitalization
rates in partially vaccinated persons were similar to those in
fully vaccinated persons, age-adjusted incidences were slightly
lower in partially vaccinated persons than in fully vaccinated
persons. These data indicate that authorized vaccines protect

1172 MMWR / August 27,2021 / Vol.70 / No. 34

against SARS-CoV-2 infection and severe COVID-19, even
with increased community transmission of the newly predomi-
nant Delta variant (2).

The SARS-CoV-2 Delta variant is highly transmissible (3)
and became the predominant variant in Los Angeles County
during May—July 2021. During this period, SARS-CoV-2
cases and hospitalizations increased substantially, most nota-
bly among unvaccinated persons. In May, specimens from
fully vaccinated and partially vaccinated persons had higher
Ct values for two gene targets compared with unvaccinated
persons; however, by July, median Ct values had decreased
and were similar in all gene regions in specimens from fully
vaccinated, partially vaccinated, and unvaccinated persons.

US Department of Health and Human Services/Centers for Disease Control and Prevention
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FIGURE 1. Age-adjusted rolling 7-day SARS-CoV-2 infection and
hospitalization rates,* by vaccination statust — Los Angeles County,
California, May 1-July 25, 2021
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* Rolling 7-day incidence was calculated by summing the total number of
persons or hospitalizations during a 7-day period and dividing by the total
population at the end of the 7-day period.

 Persons were considered fully vaccinated =14 days after receipt of the
second dose in a 2-dose series (Pfizer-BioNTech or Moderna COVID-19 vaccines)
or after 1 dose of the single-dose Janssen (Johnson & Johnson) COVID-19
vaccine; partially vaccinated >14 days after receipt of the first dose and
<14 days after the second dose in a 2-dose series; and unvaccinated <14 days
receipt of the first dose of a 2-dose series or 1 dose of the single-dose vaccine
or if no vaccination registry data were available.

These findings are similar to those from a recent study showing
no difference in Ct values in specimens from vaccinated and
unvaccinated persons during a large outbreak (4). Ct values
are correlated with the amount of viral nucleic acid present;
however, Ct values are an imperfect proxy for viral nucleic
acid load, are not standardized across testing platforms, vary

9 Additional information on Ct values and their limitations is available: hteps://
www.idsociety.org/globalassets/idsa/public-health/covid-19/idsa-amp-
statement.pdf and https://www.cdc.gov/coronavirus/2019-ncov/lab/fags.html.
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Summary

What is already known about this topic?

Although COVID-19 vaccines are highly effective, some fully
vaccinated persons will be infected with SARS-CoV-2.

What is added by this report?

During May 1-July 25,2021, among 43,127 SARS-CoV-2
infections in residents of Los Angeles County, California,

10,895 (25.3%) were in fully vaccinated persons, 1,431 (3.3%)
were in partially vaccinated persons, and 30,801 (71.4%) were in
unvaccinated persons. On July 25, infection and hospitalization
rates among unvaccinated persons were 4.9 and 29.2 times,
respectively, those in fully vaccinated persons. In July, when
the Delta variant was predominant, cycle threshold values
were similar for unvaccinated, partially vaccinated, and
vaccinated persons.

What are the implications for public health practice?

Efforts to enhance COVID-19 vaccination coverage, in coordina-
tion with other prevention strategies, are critical to preventing
COVID-19-related hospitalizations and deaths.

by specimen type and time from specimen collection, and
should be limited to assessing differences at the population
level, not the person level.SS

The findings in this report are subject to at least six
limitations. First, vaccination data for persons who lived in
Los Angeles County at the time of their laboratory-confirmed
infection but who were vaccinated outside of California were
unavailable, leading to misclassification of their vaccination
status; if vaccinated persons without accessible records were
considered to be unvaccinated, the incidence in unvaccinated
persons could be underestimated. Second, case ascertainment
is based on passive surveillance, with known underreporting
that might differ by vaccination status. Similarly, screening
and testing behaviors might differ among groups. Third,
COVID-19-associated hospitalizations were determined based
on hospital admission and SARS-CoV-2 test dates alone, lead-
ing to the inclusion of incidental hospitalizations that were not
associated with COVID-19. Fourth, COVID-19-associated
deaths included deaths occurring <60 days after a first
SARS-CoV-2 positive test date; therefore, some COVID-19—
associated deaths might have been from other causes (excluding
trauma). In addition, certain COVID-19-associated deaths
might have been a result of long-term sequelae after 60 days and
were not included. Fifth, lineage and Ct values were available
only for a convenience sample of SARS-CoV-2 cases. Finally,
all the assays used to generate Ct values for comparison were
qualitative, and none is approved for use in quantitating the
amount of viral nucleic acid present.

The findings in this report are similar to those from
recent studies indicating that COVID-19 vaccination
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FIGURE 2. SARS-CoV-2 whole genome sequencing lineage results* and reverse transcription-polymerase chain reaction cycle threshold valuest
for two gene targets,$ by vaccination status’ and month — Los Angeles County, California, May 1-July 25, 2021
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protects against severe COVID-19 in areas with increasing
prevalence of the SARS-CoV-2 Delta variant (5,6). Efforts
to increase COVID-19 vaccination coverage, in coordination
with other prevention strategies, are critical to preventing
COVID-19-related hospitalizations and deaths. Ongoing
surveillance to characterize postvaccination infections, hospi-
talizations, and deaths will be important to monitor vaccine
effectiveness, particularly as new variants emerge.
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FIGURE 2. (Continued) SARS-CoV-2 whole genome sequencing lineage results* and reverse transcription-polymerase chain reaction cycle
threshold valuesT for two gene targets, by vaccination status' and month — Los Angeles County, California, May 1-July 25, 2021
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Abbreviations: Ct = cycle threshold; N = nucleocapsid; ORF1ab = open reading frame 1 ab; RT-PCR = reverse transcription-polymerase chain reaction;

SC2N = SARS-CoV-2 nucleocapsid.

* SARS-CoV-2 infections among Los Angeles County residents aged >16 years with whole genome sequencing lineage results (n = 6,752) for fully vaccinated (n = 1,667),
partially vaccinated (n = 198), and unvaccinated (n = 4,887) persons.

T Whiskers represent minimum and maximum observations; top of box represents the third quartile, bottom represents the first quartile, and box height represents
the interquartile range. The midline is the median.

§ Ctvalues are correlated with the amount of viral nucleic acid present. Gene targets for RT-PCR testing included the N protein gene region and the ORF1ab polyprotein
gene region. The N gene targets were analyzed separately for two laboratories because Ct values are not directly comparable across different testing laboratories;
these N gene targets were designated SC2N and N to differentiate between the two participating laboratory partners. Gene targets were selected based on testing
platforms used by Los Angeles County Department of Public Health laboratory partners. Analysis of SC2N Ct values is restricted to a Fulgent test result with a Ct
value on the same day as person’s first positive RT-PCR test result; SC2N gene target values (n = 5,179) are stratified for fully vaccinated (n = 1,248), partially vaccinated
(n=151), and unvaccinated (n = 3,780) persons. Analysis of ORF1ab and N Ct values is restricted to a Valencia Branch Laboratory test result with a Ct value on the
same day as person’s first positive RT-PCR test result. ORF1ab (n = 1,041) and N (n = 1,062) gene target values are stratified for fully vaccinated (n =289 and n = 297,
respectively), partially vaccinated (n = 36 and n = 41, respectively), and unvaccinated (n = 716 and n = 724, respectively) persons.

9 Persons were considered fully vaccinated =14 days after receipt of the second dose in a 2-dose series (Pfizer-BioNTech or Moderna COVID-19 vaccines) or after 1 dose
of the single-dose Janssen (Johnson & Johnson) COVID-19 vaccine; partially vaccinated =14 days after receipt of the first dose and <14 days after the second dose in a
2-dose series; and unvaccinated <14 days receipt of the first dose of a 2-dose series or 1 dose of the single-dose vaccine or if no vaccination registry data were available.
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Notes from the Field

lllicit Benzodiazepines Detected in Patients
Evaluated in Emergency Departments for
Suspected Opioid Overdose — Four States,
October 6, 2020-March 9, 2021

Kim Aldy, DO'%; Desiree Mustaquim, PhD3; Sharan Campleman,
PhD!; Alison Meyn, MPH; Stephanie Abston!; Alex Krotulski, PhD%;
Barry Logan, PhD%5; Matthew R. Gladden, PhD3; Adrienne Hughes,
MDS; Alexandra Amaducci, DO’; Joshua Shulman, MD8; Evan Schwarz,
MD?; Paul Wax, MD1:2; Jeffrey Brent, MD, PhD19; Alex Manini, MD11;
the Toxicology Investigators Consortium Fentalog Study Group

Ilicit benzodiazepines are emerging drugs of abuse that are
unlawfully manufactured in laboratories and have clinical side
effects and toxicity that are not well understood. Although
prescription and illicit benzodiazepines are structurally similar
(1), illicit benzodiazepines can have different pharmacological
properties; this contributes to concerns about their potential
potency and clinical implications (7,2). Simultaneous exposure
to both illicit benzodiazepines and opioids increases overdose
risk (3). Although naloxone will reverse opioid overdose
symptoms, it does not reverse overdoses resulting from nono-
pioid drugs. Therefore, in cases of co-exposure to opioids and
benzodiazepines, including illicit benzodiazepines, symptoms
of benzodiazepine intoxication (e.g., profound sedation) are
unaffected by naloxone, leading to risk for respiratory failure or
death (7). Rapid increases in the forensic and clinical detection
of illicit benzodiazepines during 2020 have raised concerns
about the drug’s role in overdoses, but clinical descriptions
of overdoses caused by illicit benzodiazepine co-exposure are
limited (4-6). This report describes the detection of illicit
benzodiazepine co-exposures among patients treated in emer-
gency departments (EDs) with suspected opioid overdoses in
selected states.

The Toxicology Investigators Consortium (ToxIC) Fentalog
Study Group is conducting a study of patients aged >18 years
evaluated in an ED following a suspected opioid overdose.
Comprehensive toxicologic testing was performed on residual
biologic samples via liquid chromatography quadrupole time-
of-flight mass spectrometry for the presence of approximately
900 psychoactive substances, including 33 illicit benzodi-
azepines and metabolites. Additional case information was
obtained through chart review.* This activity was reviewed by

*The ToxIC Fentalog Study Group is conducting this study from 2020-2025.
Data presented are part of an ongoing effort to assess the role and prevalence
of novel substances in participating regions throughout the duration of this
project. Chart review was performed via the patient’s electronic medical record
at the site by the medical toxicologist, the trained research assistant, or both.
Reason for exposure was documented in the patients initial ED notes.
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CDC and was conducted consistently with applicable federal
law and CDC policy.

During October 6, 2020-March 9, 2021, 141 biologic
samples® were analyzed from five clinical sites in four states
(Missouri, New York, Oregon, and Pennsylvania).¥ The pres-
ence of illicit benzodiazepines was identified in 21 (14.9%)
patients (Table); the substances identified included clonazolam
(11 patients; 52.4%), etizolam (10; 47.6%), and flubrom-
azolam (two; 9.5% [co-identified in patients with etizolam]).
Among the 21 patients with illicit benzodiazepines detected,
12 (57.1%) were from Pennsylvania, six (28.6%) from
Oregon, two (9.5%) from Missouri, and one (4.8%) from
New York. Etizolam was confirmed in New York, Oregon, and
Pennsylvania, and flubromazolam only in Oregon. At least one
opioid was identified in 20 cases (95.2%), including metha-
donein 12 (60.0%). Either methamphetamine, amphetamine,
or both were detected in 11 (52.4%) patients.

The mean patient age was 39 years (range = 25-63 years),
and more than three quarters of patients (16; 76.2%) were
men. The most commonly reported reason for opioid use was
to induce euphoria (10; 47.6%), followed by use to prevent
withdrawal (four; 19.0%). Naloxone was administered to 16
(76.2%) patients to reverse opioid overdose. In 15 cases for
which the indication for naloxone administration was known,
the most common indication was depressed consciousness
(nine patients), followed by respiratory depression (seven
patients). Of 13 patients for whom the response to naloxone
was known, five showed no improvement after the first dose of
naloxone. One patient, whose level of consciousness improved
after the first dose, subsequently required 9 naloxone doses and
ultimately received a naloxone infusion.

This report documents concerning co-exposure to both
opioids and illicit benzodiazepines among patients evaluated
for suspected opioid overdose from multiple geographically
diverse U.S. EDs. Despite the fact that the sample was limited,
this report’s findings align with recent increases in the supply of
illicit benzodiazepines in the United States (4-6). Even though
the majority of these patients were discharged without apparent
sequelae, in approximately one third of cases where response
to naloxone was known, patients with simultaneous exposure

745 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.

S All suspected opioid overdose cases from participating sites that met inclusion
criteria were included in the study. Inclusion criteria were met for any patient
aged >18 years with a suspected opioid overdose that had a leftover blood
specimen for analysis. Exclusion criteria for cases were any cases in persons with
trauma or burns, or if the patient was a prisoner, pregnant, or both.

9 Pennsylvania had two study sites.
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TABLE. Detection of illicit benzodiazepines and opioids, initial
naloxone administration, and outcomes among patients with
suspected opioid overdose (N = 21) — Toxicology Investigators
Consortium Fentalog Study Group, four states, October 6, 2020-
March 9, 2021

TABLE. (Continued) Detection of illicit benzodiazepines and opioids,
initial naloxone administration, and outcomes among patients with
suspected opioid overdose (N = 21) — Toxicology Investigators
Consortium Fentalog Study Group, four states, October 6, 2020-
March 9, 2021

Characteristic No. (%) of patients

Characteristic No. (%) of patients

Illicit benzodiazepines detected

Clonazolam 11(52.4)
Etizolam 10 (47.6)
Flubromazolam* 2(9.5)
Opioids detected
Co-detected opioids* 20(95.2)
Methadone 12 (60.0)
Fentanyl 6 (30.0)
Heroin 4(20.0)
Codeine 2(10.0)
Para-fluorofentanyl 2(10.0)
Buprenorphine 1(5.0)
Acetyl fentanyl 1(5.0)
Medical course and outcome
Naloxone administrationS 16 (76.2)
Only 1 dose administered 9(56.3)
>2 doses administered 7 (43.8)
Known naloxone indication? 15(71.4)
Depressed level of consciousness 9 (60.0)
Respiratory depression 7 (46.7)
Decreased oxygenation 3(20.0)
Decreased carbon dioxide expiration 2(13.3)
Known naloxone response** 13(61.9)
Improved level of consciousness 6 (46.2)
Increased respiratory rate 4(30.8)
Improved oxygenation 1(7.7)
Precipitated withdrawaltt 1(7.7)
No response 5(38.5)
Respiratory and cardiac intervention
Endotracheal intubation/Mechanical 1(4.8)
ventilation
Cardiopulmonary resuscitation 1(4.8)

to both opioids and illicit benzodiazepines did not respond to
naloxone. Although other factors might be involved, such as
naloxone dose or administration technique, the opioid effects
among these patients might have been reversed; however, these
patients possibly experienced additional sedative effects from
illicit benzodiazepines. The widespread use of community
naloxone programs highlights the importance of calling emer-
gency medical services after administering naloxone, because
patients with co-exposure might require additional medical
care. The growing use of illicit benzodiazepines requires a
better understanding of the synergistic toxicity when these
drugs are used along with opioids. Raising awareness among
clinical, public safety, and community partners about dangers
associated with the use of illicit benzodiazepines, including
co-use with opioids, is critical.
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Hospital course

Discharge from emergency department 17 (81.0)
Admission to hospital floor 3(14.3)
Admission to intensive care unit 1(4.8)
Disposition

Discharged without sequelae 18 (85.7)
Transferred to higher level of care 1(4.8)
Transferred to substance use treatment 1(4.8)
Left against medical advice 1(4.8)
Died 0(—)

* Flubromazolam was only detected in two of the cases that also included
etizolam.

t At least one opioid was identified in 20 cases. More than one opioid might
be noted for a given case. The percentages of specific opioids are calculated
based on these 20 cases.

$ The percentages of number of doses of naloxone are calculated based on
16 cases with naloxone administration. Initial naloxone dose was
administered either outside of the hospital (by emergency medical services
in 10 cases, by bystanders in two cases, and unknown in one case) or in the
hospital (three cases).

¥ Indications for initial dose of naloxone were known in 15 of 21 total cases.
The percentages of naloxone indication categories are calculated based on
these 15 cases. More than one indication might be noted for a given case.

** Response to initial dose of naloxone was known in 13 of 16 naloxone
administrations (81.3%). More than one response might be noted for a given
case. The percentages of clinical response categories are calculated based
on these 13 cases.

t Precipitated withdrawal is medication-induced withdrawal that can cause
particularly intense symptoms, including agitation, nausea/vomiting, and
muscle aches and pains, among other withdrawal symptoms.
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Errata

Vol. 70, No. 21

In the report “Racial and Ethnic Disparities in Breastfeeding
Initiation — United States, 2019,” on page 774, the last
sentence should have read, “Implementation of evidence-
based maternity care policies and practices supportive of
breastfeeding and targeted breastfeeding programs focusing
on populations at highest risk for low breastfeeding initiation
might help reduce racial/ethnic disparities in breastfeeding
initiation, improve infant nutrition, and reduce maternal and
infant morbidity.”
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Vol. 70, No. 32

In the report “West Nile Virus and Other Domestic
Nationally Notifiable Arboviral Diseases — United States,
2019,” on pages 1072 and 1073, in Table 2, rates should have
been <0.01 for the following viruses and U.S. Census divi-
sions: La Crosse virus for the West North Central Division;
Eastern equine encephalitis for the South Atlantic division;
and St. Louis encephalitis for the United States (total) and the
West South Central division.
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QuickStats

FROM THE NATIONAL CENTER FOR HEALTH STATISTICS

Percentage* of Children and Adolescents Aged 0-17 Years Who Have
Experienced a Specified Stressful Life Event,t by Type of Event and Poverty
Status® — National Health Interview Survey, United States, 20191

'IOOJ/
-~
30 4 [ <200% of poverty threshold
[l >200% of poverty threshold
25 -
& 20- ‘I‘
8
C
9]
4
3 15-
10 <
0 . . . .
At least one Victimor  Lived with someone ~ Lived with  Lived with someone
specified witnessed who had served ~ someone with  with problem with
stressful event violence time in prison mental health  alcohol or drugs
problem/depression
Type of event

* With 95% confidence intervals indicated with error bars.

 Percentages for the specified stressful life events are based on the following questions: 1) “Has child ever been
the victim of violence or witnessed violence in their neighborhood?”; 2) “Did child ever live with a parent or
guardian who served time in jail or prison after child was born?”; 3)“Did child ever live with anyone mentally
ill/depressed?”; 4) Did child ever live with anyone who had a problem with alcohol or drugs?” Having any
stressful event was based on having answered “yes”to any of these four questions. The four stressful life event
questions are part of a larger battery of questions called adverse childhood experiences.

S Poverty status was based on family income and family size, using the U.S. Census Bureau’s poverty thresholds.
Family income was imputed when missing.

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

In 2019, 20.7% of children and adolescents in families with incomes <200% of the poverty threshold and 12.6% of children
and adolescents in families with incomes =200% of the poverty threshold had experienced at least one specified stressful life
event. Children and adolescents in families with incomes <200% of the poverty threshold were more likely than children and
adolescents in families with incomes >200% of the poverty threshold to have been the victim or witnessed violence (8.1% versus
3.5%); lived with someone who had been in jail (8.7% versus 3.5%); lived with a person with problems with mental health or
depression (10.1% versus 6.4%); or lived with a person with problems with alcohol or drugs (10.2% versus 6.5%).

Source: National Health Interview Survey, 2019. https://www.cdc.gov/nchs/nhis.htm
Reported by: Cynthia Reuben, MA, creuben@cdc.gov, 301-458-4458; Nazik Elgaddal, MS.

For more information on this topic, CDC recommends the following link: https://www.cdc.gov/injury/priority/aces.html
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