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Early studies suggest that COVID-19 vaccines protect against
severe illness:! however, postvaccination SARS-CoV-2 infections
(i.e., breakthrough infections) can occur because COVID-19 vac-
cines do not offer 100% protection.z'3 Data evaluating the oc-
currence of breakthrough infections and impact of vaccination
in decreasing transmission in congregate settings are limited.
Skilled nursing facility (SNF) residents and staff members have
been disproportionately affected by SARS-CoV-2, the virus that
causes COVID—19,4'5 and were prioritized for COVID-19 vaccina-
tion.®’ Starting December 28, 2020, all 78 Chicago-based SNFs
began COVID-19 vaccination clinics over several weeks through
the federal Pharmacy Partnership for Long-Term Care Program
(PPP).! In February 2021, through routine screening, the Chicago
Department of Public Health (CDPH) identified a SARS-CoV-2
infection in a SNF resident >14 days after receipt of the second
dose of a two-dose COVID-19 vaccination series. SARS-CoV-2
cases, vaccination status, and possible vaccine breakthrough in-
fections were identified by matching facility reports with state
case and vaccination registries. Among 627 persons with SARS-
CoV-2 infection across 75 SNFs since vaccination clinics began,
22 SARS-CoV-2 infections were identified among 12 residents
and 10 staff members across 15 facilities 214 days after receiv-
ing their second vaccine dose (i.e., breakthrough infections in
fully vaccinated persons). Nearly two-thirds (14 of 22; 64%) of
persons with breakthrough infections were asymptomatic; two

residents were hospitalized because of COVID-19, and one died.

No facility-associated secondary transmission occurred. Although
few SARS-CoV-2 infections in fully vaccinated persons were ob-
served, these cases demonstrate the need for SNFs to follow
recommended routine infection prevention and control practices
and promote high vaccination coverage among SNF residents and
staff members.

CDPH monitors SNF SARS-CoV-2 infections using a data triangu-
lation method that matches the SARS-CoV-2 test results from nucleic
acid amplification tests (NAATs, such as reverse transcription-
polymerase chain reaction [RT-PCR]) and antigen tests reported to
the Illinois’ National Electronic Disease Surveillance System with
facility-reported line lists of SARS-CoV-2 test results from routine
screening testing.® In February 2021, CDPH began matching re-
cords to lllinois’ Comprehensive Automated Immunization Registry
Exchange to identify breakthrough infections. After identifying
SARS-CoV-2 infection in a SNF resident 16 days after receipt of a
second vaccine dose, CDPH initiated an investigation to quantify
breakthrough infections across all facilities, evaluate symptoms
and clinical outcomes, and assess potential secondary transmission.
Vaccine effectiveness was not evaluated.

A facility's investigation period started on its first vaccination
clinic date and ended March 31, 2021.% A confirmed case of SARS-
CoV-2 infection was defined as a positive SARS-CoV-2 NAAT or
antigen test result from a respiratory specimen collected from a res-
ident or staff member during the investigation period. Consistent

with CDC guidance, a vaccine breakthrough infection in a resident
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or staff member was defined as a receipt of a positive SARS-CoV-2
NAAT or antigen test result from a respiratory specimen collected
>14 days after completing the two-dose COVID-19 vaccination
series.” Infection prevention specialists conducted case investi-
gations to assess symptoms, clinical outcomes, and close contact
information.

SARS-CoV-2 incidence during the investigation period was as-
sessed across four groups based on vaccination status at the time a
positive respiratory specimen was collected: (1) unvaccinated (never
received a COVID-19 vaccine dose); (2) partially vaccinated (received
one dose of a two-dose series); (3) vaccinated but not immune (re-
ceived two doses of a two-dose series but <14 days had elapsed
since the second dose); and (4) fully vaccinated (received two doses
of a two-dose series and 214 days had elapsed since the second
dose). In addition to routine facility follow-up, CDPH actively moni-
tored facilities with breakthrough infections for 28 days to identify
whether any new cases occurred in close contacts of the person with
breakthrough infection.tt Analyses were completed using SAS (ver-
sion 9.4; SAS Institute). This activity was reviewed by CDC and was
conducted consistent with applicable federal law and CDC policy.®®

During the investigation period, an estimated 7931 SNF res-
idents and 6834 staff members received two doses of COVID-19
vaccine. A total of 627 confirmed SARS-CoV-2 infections were iden-
tified across 75 of the 78 Chicago-based SNFs, including 353 (56%)
among residents and 274 (44%) among staff members during the in-
vestigation period (Table 1). Three facilities had no confirmed SARS-
CoV-2 infections after their first vaccination clinic. Approximately
one half (47%) of resident cases occurred in men, 42% were in non-
Hispanic Black persons, and the median age was 71 years. More than
two-thirds (72%) of staff member cases were in women, 38% were
in non-Hispanic Black persons, and the median age was 42 years.
Among the 627 cases, 447 (71%) occurred in unvaccinated persons,
145 (23%) in partially vaccinated persons, 13 (2%) in vaccinated
but not immune persons, and 22 (4%) in fully vaccinated persons
(Figure 1). These breakthrough infections occurred in 12 residents
and 10 staff members and accounted for 16% (22 of 136) of SNF-
associated cases occurring across all facilities 214 days after the sec-
ond vaccination clinic at the respective facilities. No demographic or
clinical differences were observed by vaccination status.

Among the 22 breakthrough infections, 18 (82%) were detected
in persons who received testing as part of routine screening, and
four (18%) occurred in residents who received testing before a hos-
pital admission or procedure. Among the 18 breakthrough infec-
tions identified during routine screening, 14 were detected (across
10 facilities) while residents were receiving weekly testing from
the facilities; staff members at all facilities were receiving testing
at least weekly. The median interval from second dose to collec-
tion of a positive SARS-CoV-2 specimen was 29 days (interquartile
range [IQR] =23-42 days). The median interval between most re-
cent positive NAAT result and last known negative test result was
7 days (IQR =7-14 days). Two-dose vaccination coverage among res-
idents and staff members at facilities with breakthrough infections
ranged from 62% to 96% and 18% to 85%, respectively. Among the

Summary

What is already known about this topic?

Residents and staff members of skilled nursing facilities
(SNFs) are recommended to receive COVID-19 vaccine as
a priority group.

What is added by this report?

Twenty-two possible breakthrough SARS-CoV-2 infec-
tions occurred among fully vaccinated persons 214 days
after their second dose of COVID-19 vaccine. Two-thirds
of persons were asymptomatic. A minority of persons with
breakthrough infection experienced mild-to-moderate
COVID-19-like symptoms; two COVID-19-related hospi-
talizations and one death occurred. No facility-associated
secondary transmission was identified.

What are the implications for public health practice?
SNFs should prioritize vaccination and follow recom-
mended COVID-19 infection prevention and control
practices, including following work restrictions, isolation,
quarantine, testing of residents and staff members, and

use of personal protective equipment.

15 facilities with breakthrough cases, attack rates’ for unvaccinated
and vaccinated residents were 15% (89 of 604) and 0.8% (15 of
1,781), respectively. Among staff members, attack rates for unvac-
cinated and vaccinated persons were 6% (62 of 992) and 1% (12 of
1135), respectively. Eleven facilities reported a total of 41 confirmed
cases within 28 days after initial breakthrough infection at a facility
(Table 2).”" No facility-associated secondary transmission was deter-
mined to have occurred because the new cases that occurred after
the initial breakthrough infection were not close contacts of the per-
sons with breakthrough infections.

Among the 22 persons with breakthrough infections, 14 (64%;
eight residents and six staff members) were asymptomatic (Table 2).
Three symptomatic persons (B3, E10, and G13) had mild, nonspecific
symptoms; two (E8 and G12) had mild, specific symptoms; and three
(A1, D6, and 022) had diagnosed pneumonia.JrJfJr Four residents were
hospitalized: two (D6 and 022) for COVID-19-related reasons and
two (A1 and D5) for reasons unrelated to COVID-19; one resident
(022) died.

Resident A1l received a diagnosis of pneumonia 9 days after
receiving the second COVID-19 vaccine dose and 7 days before
receiving a positive SARS-CoV-2 test result (Table 2). Although
the timing of the patient's positive SARS-CoV-2 test result met
the definition of a breakthrough infection, the clinical history in-
dicated that the infection likely occurred <14 days after the sec-
ond dose. Resident D6 was hospitalized for weakness and loss
of appetite in association with pneumonia. Resident 022 experi-
enced fatigue and respiratory symptoms and received a diagnosis
of pneumonia. This patient had a positive SARS-CoV-2 test result
on hospital admission and had concomitant group B p-hemolytic
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TABLE 1 Number and percentage of skilled nursing facility residents and staff members with a positive confirmed SARS-CoV-2 test
result, by demographic and clinical characteristics and vaccination status — Chicago, lllinois, December 2020-March 2021

Vaccination status of residents and staff members with SARS-CoV-2 infections, no. (column %)

Fully vaccinated with

Unvaccinated?® Partially vaccinated® Vaccinated but not breakthrough infection®
Characteristic Total (n = 627) (n = 447) (n = 145) immune? (n = 13) (n=22)
Median age (IQR) 60.0 (43.0-73.0)  57.0(39.0-71.0) 65.0 (50.0-79.0) 66.0(58.0-79.0) 61.5(41.0-73.0)
Sex
Female 376 (60.0) 265 (59.3) 89 (61.4) 7 (53.9) 15(68.2)
Male 237 (37.8) 168 (37.6) 56 (38.6) 6(46.2) 7 (31.8)
Unknown 14 (2.2) 14 (3.1) 0(-) 0(-) 0(-)
Race/ethnicity
Hispanic/Latino 58(9.3) 37(8.3) 16 (11.0) 1(7.7) 4(18.2)
Asian, 24 (3.8) 11 (2.5) 9(6.2) 1(7.7) 3(13.¢)
non-Hispanic
Black, 252 (40.2) 193 (43.2) 44 (30.3) 7(53.9) 8(36.4)
non-Hispanic
White, 144 (23.0) 79 (17.7) 55(37.9) 3(23.1) 7(31.8)
non-Hispanic
Other,” 16 (2.6) 12(2.7) 4(2.8) 0() 0(-)
non-Hispanic
Unknown 133(21.2) 115 (25.7) 17 (11.7) 1(7.7) 0(-)
Role
Resident 353(56.3) 235 (52.6) 97 (66.9) 9(69.2) 12 (54.6)
Staff member 274 (43.7) 212 (47.4) 48 (33.1) 4 (30.8) 10 (45.5)
Symptoms®
Yes 92 (14.7) 62 (13.9) 21(14.5) 1(7.7) 8(36.4)
No 34 (5.4) 15(3.4) 5(3.5) 0(-) 14 (63.6)
Unknown 501 (79.9) 370(82.8) 119 (82.1) 12(92.3) 0(-)
Hospitalizations
Yes 123 (19.6) 90 (20.1) 27 (18.6) 2(15.4) 4(18.2)
No 504 (80.4) 357 (79.9) 118 (81.4) 11 (84.6) 18 (81.8)
Deaths
Yes 21(3.4) 14 (3.1) 6(4.1) 0(-) 1(4.6)
No 606 (96.7) 433(96.9) 139 (95.9) 13 (100.0) 21(95.5)
Previous positive SARS-CoV-2 result
Yes 41 (6.5) 22 (4.9) 9(6.2) 4(30.8) 6(27.3)
No 586 (93.5) 425 (95.1) 136 (93.8) 9 (69.2) 16 (72.7)

Abbreviations: I-NEDSS, lllinois’ National Electronic Disease Surveillance System; IQR, interquartile range.

@Unvaccinated: received no COVID-19 vaccine doses; partially vaccinated: received one dose; vaccinated but not immune: received two doses but
<14 days had elapsed since receipt of second dose; and fully vaccinated with breakthrough infection: received two doses and then received a positive
SARS-CoV-2 test result 214 days after receipt of the second dose.

bpersons with the following races listed in I-NEDSS as American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, other, or
multiracial were categorized as non-Hispanic other.

‘Data on symptoms were extracted from I-NEDSS for unvaccinated, partially vaccinated, and vaccinated but not immune persons. Most

COVID-19 case reports are entered into I-NEDSS through electronic laboratory reporting and provide minimal information (e.g., name, date of
birth, and laboratory test and results) needed to meet reporting requirements. Data on symptoms in persons with breakthrough infections were
supplemented with details from case investigations, which were not completed for nonbreakthrough cases. Symptom status for many persons with
nonbreakthrough infection cases is unknown.

9Two residents were hospitalized for COVID-19-related reasons. Two additional residents were hospitalized for non-COVID-19-related reasons.
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collection date and vaccination status’ — Chicago, lllinois, December 2020-March 2021

streptococcal bacteremia and a Pseudomonas urinary tract infec-
tion and died 7 days after hospital admission. The death certifi-
cate listed complications of COVID-19 infection as primary cause
of death; underlying conditions were hypertension, diabetes mel-
litus, and chronic kidney disease.

Among 12 available specimens from seven patients with break-
through infections, RT-PCR cycle threshold values were >28, indi-
cating low levels of detectable virus. Six persons with breakthrough
infections had a previous positive SARS-CoV-2 test result >90 days
before the most recent test, including five persons who had neg-
ative test results (range =1-43 tests) between the positive results
(Supplementary Figure, https://stacks.cdc.gov/view/cdc/105130)
and at least one negative NAAT result <14 days before the postvac-
cination positive test result. Five persons were asymptomatic during
the second infection. Paired specimens for sequence comparison

were unavailable.

DISCUSSION

Twelve SNF residents and 10 staff members had positive SARS-CoV-2
test results 214 days after receiving a second COVID-19 vaccine
dose (breakthrough infections). Fourteen (64%) were asymptomatic,
available RT-PCR cycle threshold values suggest low viral loads, and
no facility-associated secondary transmission was detected. Two
residents with breakthrough infections experienced COVID-related
hospitalizations, one of whom died because of multiple concur-
rent infections. Although rare, postvaccination breakthrough in-
fection can occur because COVID-19 vaccines do not offer 100%

protection.?® Early studies suggest that COVID-19 vaccines protect
against severe illness and might be effective at preventing infec-
tion;1 however, data on the impact of vaccination on transmission
in congregate settings are limited. In addition, some persons whose
infections met the case definition of a breakthrough infection might
have had persistently positive NAAT results after initial infection;
however, most had multiple confirmed negative interim test results.
Additional data are needed to differentiate breakthrough infections
from sequelae of previous infections and to determine whether per-
sons with breakthrough infections can transmit virus.

The results in this report highlight the importance of COVID-19
vaccination in high-risk congregate settings such as SNFs; most fully
vaccinated persons were not infected, did not have COVID-19-like
symptoms, and did not have severe illness. Despite the identifica-
tion of positive NAAT results during the investigation period, break-
through infections did not lead to secondary transmission at these
facilities.

Expanded testing of residents and staff members in these set-
tings in response to clusters or outbreak investigations is also im-
portant, regardless of vaccination status, because these persons
might have asymptomatic infections.’%% A previous study found that
vaccination has an estimated effectiveness of 63% against SARS-
CoV-2 infection among SNF residents >14 days after the first dose
through 7 days after the second dose.® Additional studies are needed
to assess the impact of full vaccination in SNFs and to understand
how vaccination in settings that include older adults, immunocom-
promised persons, and persons with known history of SARS-CoV-2
infection compares with clinical trial efficacy data. Whether vac-
cinated asymptomatic persons can transmit SARS-CoV-2 is also
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unknown; therefore, facilities should continue to require residents
to quarantine after close contact with an infected person.!

Vaccine effectiveness estimates for prevention of SARS-CoV-2
infection and COVID-19 were not calculated because CDPH does
not have access to SNF electronic medical records, limiting the abil-
ity to obtain individual-level data from facilities on all residents and
staff members and to calculate person-time among vaccinated and
unvaccinated persons who were not infected. Facilities did not have
the capacity to provide line lists and vaccination information for
noninfected residents and staff members.

The findings in this report are subject to at least four limita-
tions. First, confirming whether patients with a breakthrough in-
fection and a previous positive SARS-CoV-2 test result had a true
reinfection or represented persons with prolonged shedding from
previous infection was not possible. Intermittent prolonged SARS-
CoV-2 shedding is well described.” In addition to two SARS-CoV-2
tests 290 days apart, paired respiratory specimens are needed
so that their genetic sequences can be compared.m* Data such
as epidemiologic links to confirmed cases and clinical course can
provide supporting evidence for reinfection but do not defini-
tively identify reinfection events. Second, vaccination data in this
report are limited to Chicago residents and persons vaccinated in
Chicago; data were unavailable for staff members who were not
Chicago residents and were vaccinated outside Chicago. Third,
data entry errors or delayed surveillance reporting might prevent
record matching, leading to an underestimate of breakthrough in-
fections. Finally, although some specimens were submitted for ge-
notyping to evaluate possible variant strains, results are pending
and not yet available.

SNFs should continue to follow recommended infection preven-
tion and control practicesfrﬂT including work restrictions, isolation
of persons with confirmed cases, quarantine of residents who have
had close contact with persons with confirmed cases, routine and
outbreak testing of residents and staff members, and use of personal
protective equipment, regardless of vaccination status. Maintaining
high vaccination coverage among residents and staff members is
also important to reduce opportunities for transmission within fa-
cilities and exposure among persons who might not have achieved

protective immunity after vaccination.
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ENDNOTES

T A public-private partnership among CDC; CVS Pharmacy; Managed
Health Care Associates, Inc.; and Walgreens to provide on-site
COVID-19 vaccination of residents and staff members at enrolled
long-term care facilities, including SNFs. https://www.cdc.gov/vaccines/
covid-19/long-term-care/pharmacy-partnerships.html

w

CDPH advises facilities to routinely test residents at least monthly.
Staff members were also required to receive testing routinely, with
frequency determined based on community positivity rate and other
metrics of interest. Staff members at all Chicago-based SNFs were
tested at least twice weekly (until February 4, 2021), then weekly
(during February 4-March 18, 2021), then biweekly (from March 18,
2021 through the end of investigation period). In response to a facil-
ity outbreak (i.e., a resident or staff member with a case within the
past 14 days), all staff members and residents (excluding those who
received a positive SARS-CoV-2 test <90 days previously) are required
to receive testing at least every 3-7 days until no new cases occur for
at least 14 days. At the time a breakthrough infection was identified,
frequency of resident testing at the 15 SNFs ranged from monthly
to twice per week; frequency of staff member testing ranged from
weekly to twice weekly.

=

First round vaccination clinics occurred during December 28,
2020-January 18, 2021. Persons were included in the study if in-
fection occurred between the first clinic date at their respective
facility and March 31, 2021. Moderna COVID-19 vaccination was
exclusively administered at Chicago-based SNFs through the federal
PPP. Six residents and two staff members received Pfizer-BioNTech
COVID-19 vaccine through Chicago-based vaccine providers not
participating in the federal PPP or facilities outside the city of
Chicago.

" CDC breakthrough infection guidance: https:/www.cdc.gov/
vaccines/covid-19/health-departments/breakthrough-cases.html.
Residents and staff members were excluded from the investiga-
tion if they had received 1) a positive SARS-CoV-2 test result from
December 28 through the date of their facility's first vaccination clinic
or 2) a known initial positive SARS-CoV-2 test result <90 days before
their most recent SARS-CoV-2 test result.

.

t For residents, close contact was defined as being within 6 ft of a per-
son for 215 minutes over a 24-hour period, regardless of personal pro-
tective equipment used. For staff members, close contact was defined
as being within 6 ft of a person for 215 minutes over a 24-hour period
when one or both persons were unmasked.

55 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C.
Sect.552a; 44 U.S.C. Sect.3501 et seq.

% To calculate attack rates, residents and staff members who had never
received COVID-19 vaccine (i.e., unvaccinated persons) and those
who had received one COVID-19 vaccine dose of a two-dose series
(i.e., partially vaccinated persons) were categorized as unvaccinated.
Residents and staff members who had received two COVID-19 vac-
cine doses of a two-dose series and <14 days or 214 days had elapsed
(i.e., vaccinated but not immune and fully vaccinated persons, respec-
tively) were categorized as vaccinated. Aggregate vaccination data
were only available for residents and staff members who received two
doses of COVID-19 vaccine and did not have a SARS-CoV-2 infection.
In the denominator, differentiation between persons who received
two doses <14 days or 214 days was not possible.

" Cases identified within a 28-day monitoring window from the date of
specimen collection for the breakthrough infection. For facilities with
multiple breakthrough infections, 28-day monitoring windows might
overlap, and new facility cases might be listed multiple times. As of
April 12, 2021, nine of the 41 cases were breakthrough infections;
seven of which are listed (see Table 2) and occurred during the inves-
tigation period.
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T Symptoms were categorized as nonspecific, mild, or moderate based on

§8§

the National Notifiable Diseases Surveillance System and Council
of State and Territorial Epidemiologists definition of symptomatic
COVID-19. https://wwwn.cdc.gov/nndss/conditions/coronaviru
s-disease-2019-covid-19/case-definition/2020/08/05/

https://www.cdc.gov/coronavirus/2019-ncov/hcp/nursing-homes-testing.
html

T https: /www.cdc.gov/coronavirus/2019-ncov/hep/infection-control-

after-vaccination.html

https://www.cdc.gov/coronavirus/2019-ncov/php/invest-criteria.
html

1 https://www.cdc.gov/coronavirus/2019-ncov/hcp/long-term-care.

html
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