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Immunocompromised persons, defined as those with sup-
pressed humoral or cellular immunity resulting from health
conditions or medications, account for approximately 3% of
the U.S. adult population (7). Immunocompromised adults are
at increased risk for severe COVID-19 outcomes (2) and might
not acquire the same level of protection from COVID-19
mRNA vaccines as do immunocompetent adults (3,4). To
evaluate vaccine effectiveness (VE) among immunocompro-
mised adults, data from the VISION Network* on hospitaliza-
tions among persons aged >18 years with COVID-19-like illness
from 187 hospitals in nine states during January 17-September 5,
2021 were analyzed. Using selected discharge diagnoses,Jr VE

*Funded by CDC, the VISION Network includes Columbia University Irving
Medical Center, New York, New York; HealthPartners Minnesota and
Wisconsin; Intermountain Healthcare, Salt Lake City, Utah; Kaiser Permanente
Northern California, Oakland, California; Kaiser Permanente Northwest,
Portland, Oregon; Regenstrief Institute, Indianapolis, Indiana; and University
of Colorado, Aurora, Colorado.

T Immunocompromised status was defined as the presence of at least one discharge
diagnosis, using diagnosis codes from International Classification of Diseases,
Ninth Revision 1CD-9) and International Classification of Diseases, Tenth Revision
(ICD-10), for solid malignancy (ICD-10 codes: C00—-C80, C7A, C7B, D3A, Z51.0,
and Z51.1), hematologic malignancy (ICD-10 codes: C81-C86, C88, C90-C96,
D46, D61.0, D70.0, D61.2, D61.9, and D71), rtheumatologic or inflammatory
disorder (ICD-10 codes: D86, E85 [except E85.0], G35, J67.9, 140.54, 140.59,
193.0,1.93.2, L94, M05-M08, M30, M31.3, M31.5, M32-M34, M35.3, M35.8,
M35.9, M46, and T78.40), other intrinsic immune condition or immunodeficiency
(ICD-10 codes: D27.9, D61.09, D72.89, D80, D81 [except D81.3], D82-D84,
D89 [except D89.2], K70.3,K70.4, K72, K74.3-K74.6 [except K74.60 and K74.69],
N04, and R18), or organ or stem cell transplant (ICD-10 codes: T86 [except T86.82—
T86.84,T86.89, and T86.9], D47.Z1, Z48.2, 794, and 7.98.85).

SERVICES,
s

against COVID-19-associated hospitalization conferred by
completing a 2-dose series of an mRNA COVID-19 vaccine
>14 days before the index hospitalization date® (i.e., being
fully vaccinated) was evaluated using a test-negative design
comparing 20,101 immunocompromised adults (10,564
[53%] of whom were fully vaccinated) and 69,116 immu-
nocompetent adults (29,456 [43%] of whom were fully
vaccinated). VE of 2 doses of mRNA COVID-19 vaccine
against COVID-19-associated hospitalization was lower
among immunocompromised patients (77%; 95% confidence
interval [CI] = 74%-80%) than among immunocompetent
patients (90%; 95% CI = 89%-91%). This difference persisted
irrespective of mRNA vaccine product, age group, and tim-
ing of hospitalization relative to SARS-CoV-2 (the virus that
causes COVID-19) B.1.617.2 (Delta) variant predominance
in the state of hospitalization. VE varied across immunocom-
promising condition subgroups, ranging from 59% (organ or
stem cell transplant recipients) to 81% (persons with a rheu-
matologic or inflammatory disorder). Immunocompromised
persons benefit from mRNA COVID-19 vaccination but
are less protected from severe COVID-19 outcomes than are
immunocompetent persons, and VE varies among immu-
nocompromised subgroups. Immunocompromised persons

receiving mRNA COVID-19 vaccines should receive 3 doses

SIndex date was defined as the date of respiratory specimen collection associated
with the most recent positive or negative SARS-CoV-2 test result before
hospitalization or the hospitalization date if testing only occurred after admission.
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and a booster, consistent with CDC recommendations (5),
practice nonpharmaceutical interventions, and, if infected, be
monitored closely and considered early for proven therapies
that can prevent severe outcomes.

Data came from the VISION Network, a collaboration
between CDC and seven U.S. health care systems and research
centers with integrated medical, laboratory, and vaccination
records that was established to assess the effectiveness of
COVID-19 vaccines (6). Eligible hospitalizations were defined
as those among adults aged 218 years with SARS-CoV-2
molecular testing (from 14 days before through 72 hours after
admission) and a COVID-19-like illness discharge diagnosis.?
Encounters without molecular testing were excluded from
this analysis. Imnmunocompromised patients were defined by
the presence of at least one selected discharge diagnosis for
immunocompromising conditions using the International
Classification of Diseases, Ninth Revision and International
Classification of Diseases, Tenth Revision. Diagnoses across
five categories of immunocompromising conditions were
derived from lists used in previous studies of large hospital-
based or administrative databases and included the following
conditions: 1) solid malignancies, 2) hematologic malignancies,
3) theumatologic or inflammatory disorders, 4) other intrinsic
immune conditions or immunodeficiencies, and 5) organ or
stem cell transplants (/—9). Immunosuppressive medication use
data were not available for these analyses. Vaccination status
was documented in electronic health records or state immu-
nization registries (6). Full vaccination was defined as receipt
of the second in a 2-dose series of Moderna (mRNA-1273)
or Pfizer-BioNTech (BNT162b2) vaccines =14 days before
the index hospitalization date; unvaccinated patients had not
received any COVID-19 vaccine doses and were considered
the referent group. Patients who received 1) only 1 mRNA
vaccine dose, 2) 23 mRNA vaccine doses, 3) the second dose
<14 days before index hospitalization date, or 4) the Janssen
(Johnson & Johnson [Ad26.COV2]) vaccine were excluded
from the analysis.

VE was estimated using a test-negative design comparing
the odds of a positive test result for SARS-CoV-2 between
fully vaccinated and unvaccinated patients using multivariable
logistic regression models. VE was adjusted for age, geographic
region, calendar time (days from January 1 to hospitalization),
and local virus circulation in the community where each part-
ner site was located and weighted for inverse propensity to be
vaccinated or unvaccinated (calculated separately for each VE

Y Hospitalizations with a discharge code consistent with COVID-19-like illness
were included. COVID-19-like illness diagnoses included acute respiratory
illness (e.g., COVID-19, respiratory failure, or pneumonia) or related signs or
symptoms (cough, fever, dyspnea, vomiting, or diarrhea) using diagnosis codes

from ICD-9 and ICD-10.
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estimate). Generalized boosted regression trees were used to
estimate the propensity to be vaccinated based on sociodemo-
graphic characteristics, underlying medical conditions, known
previous SARS-CoV-2 infection, and hospital characteristics.
VE estimates were stratified by immunocompromised status,
mRNA COVID-19 vaccine product received, age group, and
network partner (representing different health care systems and
geographic regions). Among immunocompromised patients,
VE was also calculated separately among subgroups of patients
with each of the five categories of immunocompromising
diagnoses (subgroups that were not mutually exclusive). VE
was also calculated separately for hospitalizations occurring
before and after the period when the Delta variant accounted
for 250% of sequenced isolates within each site’s state (10). VE
estimates with 95% Cls that did not overlap were considered
statistically different, which is a conservative approach.This
study was reviewed and approved by Westat, Inc. institutional
review board.**

Among 69,116 immunocompetent adults and 20,101
immunocompromised adults hospitalized with COVID-19—
like illness and with available molecular testing results for
SARS-CoV-2, 29,456 (43%) and 10,564 (53%), respectively,
were fully vaccinated (Table 1). The median ages of immuno-
competent and immunocompromised patients were 68 years
(interquartile range [IQR] = 52-79 years) and 70 years
(IQR = 60-78 years), respectively. Among immunocompe-
tent patients, 42% had received the Moderna vaccine and
58% had received the Pfizer-BioNTech vaccine, and among
immunocompromised patients, 41% and 59% had received
Moderna and Pfizer-BioNTech vaccines, respectively. Among
immunocompetent patients, the median interval from receipt
of the second vaccine dose to hospital admission was 89 days
(IQR = 52-129 days) among Moderna vaccine recipients
and 90 days (IQR = 52-131 days) among Pfizer-BioNTech
vaccine recipients; among immunocompromised patients,
the intervals were 89 days (IQR = 52-128 days) and 89 days
(IQR = 53-128 days) for Moderna vaccine and Pfizer-
BioNTech vaccine recipients, respectively.

Among immunocompetent patients, SARS-CoV-2 infection
was laboratory-confirmed in 9,853 (24.8%) unvaccinated
and 1,108 (3.8%) fully vaccinated persons, compared with
1,127 (11.8%) unvaccinated and 410 (3.9%) fully vaccinated
immunocompromised patients (Table 2). VE of 2 doses of
mRNA vaccine against COVID-19 hospitalization was lower
among immunocompromised patients (77%) than among
immunocompetent patients (90%). Differences persisted when
analyzed among patients aged 18—64 years and aged 265 years,
and among Moderna and Pfizer-BioNTech vaccine recipients.

** 45 C.ER. part 46; 21 C.ER. part 56
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TABLE 1. Characteristics of COVID-19-like iliness hospitalizations* among immunocompetent and immunocompromised adults aged =18 years
and proportions of 2-dose mRNA COVID-19 vaccine recipients with laboratory-confirmed SARS-CoV-2 infection — nine states,’ January-
September 2021

Immunocompetent Immunocompromiseds
SARS-CoV-2-positive SARS-CoV-2-positive
Total Vaccinated test result Total Vaccinated test result
Characteristic No. (column %) No.(row %)  SMD** No. (row %) SMD't  No.(column%) No.(row%) SMD** No.(row %) SMD't
All hospitalizations 69,116 (100) 29,456 (43) — 10,961 (16) — 20,101 (100) 10,564 (53) — 1,537 (8) —_
Site
Columbia University 4,221 (6) 1,338 (32) 0.70 673 (16) 0.39 1,615 (8) 645 (40) 0.86 149 (9) 0.50
HealthPartners 1,695 (2) 1,022 (60) 100 (6) 721 (4) 467 (65) 24 (3)
Intermountain Healthcare 6,937 (10) 2,501 (36) 1,925 (28) 1,479 (7) 659 (45) 292 (20)
Kaiser Permanente 22,331(32) 14,222 (64) 3,253 (15) 7,518 (37) 5,707 (76) 461 (6)
Northern California
Kaiser Permanente Northwest 3,531(5) 1,716 (49) 347 (10) 1,117 (6) 614 (55) 47 (4)
Regenstrief Institute 19,099 (28) 6,188 (32) 3,562 (19) 3,000 (15) 1,121 (37) 320(11)
University of Colorado 11,302 (16) 2,469 (22) 1,101 (10) 4,651 (23) 1,351 (29) 244 (5)
Age group, yrs
18-49 15,891 (23) 3,469 (22) 0.62 3,542 (22) 043 2,291 (11) 709 (31) 0.47 241(11) 0.21
50-64 13,669 (20) 4,597 (34) 2,989 (22) 4,524 (23) 1,874 (41) 411(9)
65-74 15,715 (23) 7,477 (48) 2,101 (13) 6,149 (31) 3,429 (56) 431(7)
75-84 14,421 (21) 8,270 (57) 1,491 (10) 5,064 (25) 3,201 (63) 341(7)
=85 9,420 (14) 5,643 (60) 838(9) 2,073 (10) 1,351 (65) 113 (5)
Sex
Men$$ 30,625 (44) 13,106 (43)  -0.01 5,406 (18) -0.12 9,552 (48) 5082(53)  -0.02 762(8)  -0.04
Women 38,491 (56) 16,350 (42) 5,555 (14) 10,549 (52) 5,482 (52) 775 (7)
Race, (regardless of ethnicity)
White 45,206 (65) 20,094 (44) 0.28 6,512 (14) 0.20 13,834 (69) 7,344 (53) 0.23 985 (7) 0.16
Black 7,204 (10) 2,107 (29) 1,274 (18) 1,821 (9) 819 (45) 182 (10)
Other 5,382 (8) 3,126 (58) 722(13) 1,725 (9) 1,164 (67) 110 (6)
Unknown 11,324 (16) 4,129 (36) 2,453 (22) 2,721 (14) 1,237 (45) 260 (10)
Ethnicity
Hispanic 9,415 (14) 3,464 (37) 0.10 2,069 (22) 0.26 2,786 (14) 1,366 (49) 0.09 271(10) 0.14
Non-Hispanic 48,146 (70) 20,753 (43) 6,498 (13) 14,448 (72) 7,544 (52) 1,020 (7)
Unknown 11,555 (17) 5,239 (45) 2,394 (21) 2,867 (14) 1,654 (58) 246 (9)
Chronic respiratory conditionf!
Has chronic respiratory condition 44,264 (64) 19,788 (45) 0.1 6,891 (16) -0.03 13,652 (68) 7,331 (54) 0.07 1,084 (8) 0.06
No chronic respiratory condition$$ 24,852 (36) 9,668 (39) 4,070 (16) 6,449 (32) 3,233 (50) 453 (7)
ICU admission
Admitted to ICU 10,939 (16) 4,278 (39) -0.06 1,700 (16) -0.01 4,285 (21) 1,977 (46) -0.13 361 (8) 0.06
Not admitted to ICUSS 58,177 (84) 25,178 (43) 9,261 (16) 15,816 (79) 8,587 (54) 1,176 (7)
COVID-19 vaccination status
Unvaccinated 39,660 (57) 0(—) — 9,853 (25) 0.94 9,537 (47) 0(—) — 1,127 (12) 0.60
Moderna (mRNA-1273) 12,341 (18) 12,341 (100) 357(3) 4,337 (22) 4,337 (100) 138 (3)
Pfizer-BioNTech (BNT162b2) 17,115 (25) 17,115 (100) 751 (4) 6,227 (31) 6,227 (100) 272 (4)

Abbreviations: ICD-9 = International Classification of Diseases, Ninth Revision; |CD-10 = International Classification of Diseases, Tenth Revision; ICU = intensive care unit; SMD = standardized
mean or proportion difference.

* Hospitalizations with a discharge code consistent with COVID-19-like illness were included, such as acute respiratory iliness (e.g., COVID-19, respiratory failure, or pneumonia) or related signs or
symptoms (cough, fever, dyspnea, vomiting, or diarrhea), using diagnosis codes from ICD-9 and ICD-10. Clinician-ordered molecular assays (e.g., real-time reverse transcription-polymerase chain
reaction test) for SARS-CoV-2 occurring <14 days before to <72 hours after hospital admission were included.

* Partners contributing data on hospitalizations were in California (range of earliest to latest hospitalization: March 1-September 5), Colorado (January 22-August 31), Indiana (January 22-September 5),
Minnesota and Wisconsin (January 17-August 18), New York (January 22-September 5), Oregon and Washington (February 1-August 20), and Utah (February 1-September 5).

S Immunocompromised status was presumed based on the presence of at least one discharge diagnosis, using ICD-9 and ICD-10 diagnosis codes for solid malignancy (ICD-10 codes:
C00-C80, C7A, C7B, D3A, Z51.0, and Z51.1), hematologic malignancy (ICD-10 codes: C81-C86, C88, C90-C96, D46, D61.0, D70.0, D61.2, D61.9, and D71), rheumatologic or inflammatory
disorder (ICD-10 codes: D86, E85 [except E85.0], G35, J67.9, L40.54, L40.59, L93.0, L93.2, L94, M0O5-M08, M30, M31.3, M31.5, M32-M34, M35.3, M35.8, M35.9, M46, and T78.40), other
intrinsic immune condition or immunodeficiency (ICD-10 codes: D27.9, D61.09, D72.89, D80, D81 [except D81.3], D82-D84, D89 [except D89.2], K70.3, K70.4, K72, K74.3-K74.6 [except
K74.60 and K74.69], N04, and R18), or organ or stem cell transplant (ICD-10 codes: T86 [except T86.82-T86.84, T86.89, and T86.9], D47.Z1, Z48.2, Z94, and Z98.85).

f Vaccination was defined as having received exactly 2 doses of an mRNA-based COVID-19 vaccine >14 days before the hospitalization index date, which was the date of respiratory
specimen collection associated with the most recent positive or negative SARS-CoV-2 test result before the hospitalization or the hospitalization date if testing only occurred after
the admission.

** An absolute standardized mean or proportion difference >0.10 indicates a nonnegligible difference in variable distributions between hospitalizations for vaccinated versus
unvaccinated patients.

t An absolute standardized mean or proportion difference 20.10 indicates a nonnegligible difference in variable distributions between hospitalizations for SARS-CoV-2-positive versus
SARS-CoV-2-negative patients.

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

19 Chronic respiratory condition was defined as the presence of discharge code for asthma, chronic obstructive pulmonary disease, or other lung disease using diagnosis codes from ICD-9
and ICD-10.
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TABLE 2. Two-dose mRNA COVID-19 vaccine effectiveness* against laboratory-confirmed COVID-19-associated hospitalizationt among
immunocompetent and immunocompromised adults aged =18 years, by age group and vaccine — nine states,5 January-September 2021

SARS-CoV-2-positive test result, VE,I
Age group, yrs, vaccine Total no. of adults no. (row %) % (95% ClI)
218, any mRNA COVID-19 vaccine
Immunocompetent (n =69,116)
Unvaccinated 39,660 9,853 (24.8) Ref
Vaccinated with 2 doses** 29,456 1,108 (3.8) 90 (89-91)
Immunocompromisedtt (n =20,101)
Unvaccinated 9,537 1,127 (11.8) Ref
Vaccinated with 2 doses** 10,564 410 (3.9) 77 (74-80)
18-64, any mRNA COVID-19 vaccine
Immunocompetent (n = 29,560)
Unvaccinated 21,494 6,243 (29.1) Ref
Vaccinated with 2 doses** 8,066 288 (3.6) 93 (92-94)
Immunocompromised*t (n = 6,815)
Unvaccinated 4,232 544 (12.8) Ref
Vaccinated with 2 doses** 2,583 108 (4.2) 80 (74-84)
265, any mRNA COVID-19 vaccine
Immunocompetent (n = 39,556)
Unvaccinated 18,166 3,610(19.9) Ref
Vaccinated with 2 doses** 21,390 820 (3.8) 87 (86-88)
Immunocompromisedtt (n = 13,286)
Unvaccinated 5,305 583(11) Ref
Vaccinated with 2 doses** 7,981 302 (3.8) 75 (70-79)
218, Moderna (mRNA-1273) vaccine
Immunocompetent (n =52,001)
Unvaccinated 39,660 9,853 (24.8) Ref
Vaccinated with 2 doses** 12,341 357 (2.9) 93 (92-94)
Immunocompromisedtt (n = 13,874)
Unvaccinated 9,537 1,127 (11.8) Ref
Vaccinated with 2 doses** 4,337 138(3.2) 81 (76-85)
>18, Pfizer-BioNTech (BNT162b2) vaccine
Immunocompetent (n = 56,775)
Unvaccinated 39,660 9,853 (24.8) Ref
Vaccinated with 2 doses** 17,115 751 (4.4) 88 (86-89)
Immunocompromisedtt (n = 15,764)
Unvaccinated 9,537 1,127 (11.8) Ref
Vaccinated with 2 doses** 6,227 272 (4.4) 71 (65-76)

Abbreviations: Cl = confidence interval; ICD-9 = International Classification of Diseases, Ninth Revision; |ICD-10 = International Classification of Diseases, Tenth Revision;

Ref = referent group; VE = vaccine effectiveness.

* VE was estimated using a test-negative design, adjusted for age, geographic region, calendar time (days since January 1,2021), and local virus circulation (percentage
of SARS-CoV-2-positive results from testing within the counties surrounding the facility on the date of the hospitalization) and weighted for inverse propensity
to be vaccinated or unvaccinated (calculated separately for each VE estimate) using sociodemographic characteristics, underlying medical conditions, known
previous SARS-CoV-2 infection, and hospital characteristics, in addition to age, geographic region, calendar time, and local virus circulation.

T Hospitalizations with a discharge code consistent with COVID-19-like illness were included, such as acute respiratory iliness (e.g.,, COVID-19, respiratory failure, or pneumonia)
or related signs or symptoms (cough, fever, dyspnea, vomiting, or diarrhea), using diagnosis codes from ICD-9 and ICD-10. Clinician-ordered molecular assays (e.g., real-
time reverse transcription—polymerase chain reaction test) for SARS-CoV-2 occurring <14 days before to <72 hours after hospital admission were included.

$ Partners contributing data on hospitalizations were in California (range of earliest to latest hospitalization: March 1-September 5), Colorado (January 22-August 31),
Indiana (January 22-September 5), Minnesota and Wisconsin (January 17-August 18), New York (January 22-September 5), Oregon and Washington (February 1-
August 20), and Utah (February 1-September 5).

1 VE was calculated as [1-odds ratio]x100%.

** Vaccination was defined as having received exactly 2 doses of an mRNA-based COVID-19 vaccine =14 days before the hospitalization index date, which was the
date of respiratory specimen collection associated with the most recent positive or negative SARS-CoV-2 test result before the hospitalization or the hospitalization
date if testing only occurred after the admission.

Tt Immunocompromised status was presumed based on the presence of at least one discharge diagnosis, using ICD-9 and ICD-10 diagnosis codes for solid malignancy
(ICD-10 codes: C00-C80, C7A, C7B, D3A, Z51.0, and Z51.1), hematologic malignancy (ICD-10 codes: C81-C86, C88, C90-C96, D46, D61.0, D70.0, D61.2, D61.9, and
D71), rheumatologic or inflammatory disorder (ICD-10 codes: D86, E85 [except E85.0], G35, J67.9, L40.54, L40.59, L93.0, L93.2, L94, M05-M08, M30, M31.3, M31.5,
M32-M34, M35.3, M35.8, M35.9, M46, and T78.40), other intrinsic immune condition orimmunodeficiency (ICD-10 codes: D27.9, D61.09, D72.89, D80, D81 [except
D81.3], D82-D84, D89 [except D89.2], K70.3, K70.4, K72, K74.3-K74.6 [except K74.60 and K74.69], N0O4, and R18), or organ or stem cell transplant (ICD-10 codes:
T86 [except T86.82-T86.84, T86.89, and T86.9], D47.Z1, Z48.2, 794, and Z98.85).
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Among immunocompromised patients, VE was 81% for the
Moderna vaccine and 71% for the Pfizer-BioNTech vaccine;
however, Cls slightly overlapped between these two estimates.
VE was similarly lower among immunocompromised than
among immunocompetent patients both before the period
of Delta variant predominance (76%; 95% CI = 69%-81%
versus 91%; 95% CI = 90%-93%) and during the period of
Delta variant predominance (79%; 95% CI = 74%—83% versus
90%; 95% CI = 89%-91%). Across network partners, VE
point estimates varied more for immunocompromised patients
(57-85%) than for immunocompetent patients (84%—94%).

Among immunocompromised patients, 8,887 (44%) had a
solid malignancy, (range across network partners = 34%—47%),
2,790 (14%) a hematologic malignancy (range = 11%-19%),
5,024 (25%) a rheumatologic or inflammatory disorder
(range = 22%-30%), 6,380 (32%) another intrinsic immune
condition or immunodeficiency (range = 29%-37%), and
1,416 (7%) had received an organ or stem cell transplant
(range = 4%-10%). VE point estimates ranged from 59%
(organ or stem cell transplant patients) to 81% (patients with
a rtheumatologic or inflammatory disorder) across these sub-
groups (Table 3). Subgroup VE point estimates were generally
higher for the Moderna vaccine than for the Pfizer-BioNTech
vaccine but were the same among patients with a rheumatologic
or inflammartory disorder.

Discussion

In a multistate analysis of approximately 89,000 hospi-
talizations of adults with COVID-19-like illness during
January 17-September 5, 2021, receipt of 2 doses of mRNA
COVID-19 vaccine was effective in preventing laboratory-
confirmed COVID-19 hospitalizations among patients who
were immunocompromised (VE = 77%) and those who were
immunocompetent (VE = 90%). Nonetheless, immunocom-
promised patients were significantly less protected from severe
COVID-19 outcomes compared with immunocompetent
patients, supporting the recommendation for administration
of a third dose of mRNA vaccine to further enhance protec-
tion of moderately to severely immunocompromised persons
against severe COVID-19 outcomes (5).

This study also found that VE was lower among certain
subgroups of immunocompromised adults, such as solid organ
or stem cell transplant recipients, than among others. These
findings are consistent with other studies suggesting that certain
immunocompromised persons experience an attenuated immune
response to COVID-19 vaccines and make up a large propor-
tion of hospitalizations for infections after vaccination (3,4). The
prevalence of SARS-CoV-2 infection was approximately two
times greater among unvaccinated immunocompetent patients
compared with unvaccinated immunocompromised patients.

Because the study sample was restricted to patients hospitalized
with COVID-19-like illness, this difference might be related to
a variation in the prevalence of other respiratory virus infections
between the two groups, although this is unable to be confirmed.
A strength of the test-negative design is that such a difference is
not expected to influence the validity of VE estimates stratified
by immunocompromised status.

The findings in this report are subject to at least six limita-
tions. First, the use of selected discharge diagnoses as surrogates
for presumed immunocompromised status and the absence
of medication and other relevant data might have led to clas-
sification of persons as immunocompromised who were not;
the opposite is also possible but is less likely. Second, selec-
tion bias might be possible if vaccination status influences the
likelihood of receiving testing although a previous VISION
Network study indicated that vaccination status did not affect
receipt of testing (6). Third, despite the high specificity of
COVID-19 vaccination status from these data sources, misclas-
sification might be possible. Fourth, although inverse weights
balanced unvaccinated and vaccinated hospitalized patients
on sociodemographic and health characteristics, and further
adjustments for age, geographic region, calendar time, and
local virus circulation were made, unmeasured and residual
confounding (e.g., mask-wearing and waning immunity) in
this observational study might have biased these estimates.
Fifth, the study only assessed mRNA COVID-19 vaccines and
not the Janssen vaccine and included health care systems in
only nine states, limiting the potential for the findings of this
study to be extrapolated. Finally, immunocompromising condi-
tions were not mutually exclusive, and sparse data in smaller
immunocompromised subgroups reduced VE precision, so it
was not possible to determine the independent effect of each
subgroup on VE.

Immunocompromised persons benefit from and should
receive COVID-19 vaccines. Given that VE is lower compared
to immunocompetent patients, immunocompromised persons
receiving mRNA vaccines should receive 3 doses and a booster
6 months after the third dose, consistent with CDC recommen-
dations (5). In addition to vaccination, immunocompromised
persons should implement nonpharmaceutical prevention
strategies such as masking to help prevent SARS-CoV-2 infec-
tion, and, if infected with SARS-CoV-2, be monitored closely
and considered early for proven therapies that might prevent
progression to severe illness (e.g., monoclonal antibodies).
Additional studies are needed to further characterize variation
in VE among immunocompromised subpopulations and across
geographic regions, determine the degree of improvements
in VE conferred by additional COVID-19 vaccine doses in
immunocompromised populations, evaluate whether differ-
ent approaches to vaccine administration might improve VE
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TABLE 3. Two-dose mRNA COVID-19 vaccine effectiveness* against laboratory-confirmed COVID-19-associated hospitalizationt among
subgroups of adults aged =18 years with specific types of conditions and presumed to be immunocompromised (20,101)8 — nine states,’
January-September 2021

SARS-CoV-2-positive tests, VE,**
Condition (no. of adults) Total no. (row %) % (95% Cl)
Solid malignancy'* (8,887)
Unvaccinated 3,986 304 (7.6) Ref
Vaccinated with any 2 mRNA vaccine dosesS$ 4,901 106 (2.2) 79 (73-84)
Vaccinated with 2 Moderna (mRNA-1273) vaccine doses$$ 2,053 30(1.5) 85 (76-91)
Vaccinated with 2 Pfizer-BioNTech (BNT162b2) vaccine doses5$ 2,848 76 (2.7) 72 (62-80)
Hematologic malignancy ' (2,790)
Unvaccinated 1,156 130(11.2) Ref
Vaccinated with any 2 mRNA vaccine dosesS$ 1,634 86 (5.3) 74 (62-83)
Vaccinated with 2 Moderna vaccine dosesS$ 660 26 (3.9) 85 (74-92)
Vaccinated with 2 Pfizer-BioNTech vaccine dosesSS 974 60 (6.2) 62 (42-75)
Rheumatologic or inflammatory disorder*** (5,024)
Unvaccinated 2,380 383(16.1) Ref
Vaccinated with any 2 mRNA vaccine dosesS5$ 2,644 123 (4.6) 81 (75-86)
Vaccinated with 2 Moderna vaccine dosesS$ 1,053 48 (4.6) 78 (65-86)
Vaccinated with 2 Pfizer-BioNTech vaccine doses$$ 1,591 75 (4.7) 78 (69-84)
Other intrinsicimmune condition or immunodeficiencytt (6,380)
Unvaccinated 3,418 429 (12.6) Ref
Vaccinated with any 2 mRNA vaccine dosesS$ 2,962 137 (4.6) 73 (66-80)
Vaccinated with 2 Moderna vaccine dosesS$ 1,199 42 (3.5) 81(71-87)
Vaccinated with 2 Pfizer-BioNTech vaccine dosesSS 1,763 95 (5.4) 64 (50-74)
Organ or stem cell transplant$55 (1,416)
Unvaccinated 607 92 (15.2) Ref
Vaccinated with any 2 mRNA vaccine dosesS$ 809 80(9.9) 59 (38-73)
Vaccinated with 2 Moderna vaccine dosesS$ 337 31(9.2) 70 (46-83)
Vaccinated with 2 Pfizer-BioNTech vaccine doses$$ 472 49(10.4) 45 (13-66)

Abbreviations: Cl = confidence interval; “ICD-9 = International Classification of Diseases, Ninth Revision; |CD-10 = International Classification of Diseases, Tenth Revision;
Ref = referent group; VE = vaccine effectiveness.

* VE was estimated using a test-negative design, adjusted for age, geographic region, calendar time (days since January 1,2021), and local virus circulation (percentage
of SARS-CoV-2—-positive results from testing within the counties surrounding the facility on the date of the hospitalization) and weighted for inverse propensity
to be vaccinated or unvaccinated (calculated separately for each VE estimate) using sociodemographic characteristics, underlying medical conditions, known
previous SARS-CoV-2 infection, and hospital characteristics, in addition to age, geographic region, calendar time, and local virus circulation.

 Hospitalizations with a discharge code consistent with COVID-19-like illness were included, such as acute respiratory illness (e.g., COVID-19, respiratory failure,
or pneumonia) or related signs or symptoms (cough, fever, dyspnea, vomiting, or diarrhea), using diagnosis codes from ICD-9 and ICD-10. Clinician-ordered
molecular assays (e.g., real-time reverse transcription—polymerase chain reaction test) for SARS-CoV-2 occurring <14 days before to <72 hours after hospital
admission were included.

$ Immunocompromising condition subgroups were not mutually exclusive, and patients could be represented in more than one of the five subgroups (i.e., solid malignancy,
hematologic malignancy, rheumatologic or inflammatory disorder, other intrinsicimmune condition or immunodeficiency, and organ or stem cell transplant).

9 Partners contributing data on hospitalizations were in California (range of earliest to latest hospitalization: March 1-September 5), Colorado (January 22-August 31),
Indiana (January 22-September 5), Minnesota and Wisconsin (January 17-August 18), New York (January 22-September 5), Oregon and Washington (February 1-
August 20), and Utah (February 1-September 5).

**VE was calculated as [1—odds ratio]x100%.

t Solid malignancy was defined as the presence of at least one discharge diagnosis using ICD-9 and ICD-10 diagnosis codes. ICD-10 codes included C00-C80, C7A,
C7B, D3A, Z51.0,and Z51.1.

88 Vaccination was defined as having received exactly 2 doses of an mRNA-based COVID-19 vaccine >14 days before the hospitalization index date, which was the
date of respiratory specimen collection associated with the most recent positive or negative SARS-CoV-2 test result before the hospitalization or the hospitalization
date if testing only occurred after the admission.

19 Hematologic malignancy was defined as the presence of at least one discharge diagnosis using ICD-9 and ICD-10 diagnosis codes. ICD-10 codes included C81-C86,
(88, C90-C96, D46, D61.0, D70.0, D61.2, D61.9, and D71.

*** Rheumatologic or inflammatory disorder was defined as the presence of at least one discharge diagnosis using ICD-9 and ICD-10 diagnosis codes. ICD-10 codes
included D86, E85 (except E85.0), G35, J67.9, L40.54, L40.59, L93.0, L93.2, L94, MO5-M08, M30, M31.3, M31.5, M32-M34, M35.3, M35.8, M35.9, M46, and T78.40.

1t Other intrinsic immune condition or immunodeficiency was defined as the presence of at least one discharge diagnosis using ICD-9 and ICD-10 diagnosis codes.
ICD-10 codes included D27.9, D61.09, D72.89, D80, D81 (except D81.3), D82-D84, D89 (except D89.2), K70.3, K70.4, K72, K74.3-K74.6 (except K74.60 and K74.69),
NO4, and R18.

§35 Organ or stem cell transplant was defined as the presence of at least one discharge diagnosis using ICD-9 and ICD-10 diagnosis codes. ICD-10 codes included T86
(except T86.82-T86.84, T86.89, and T86.9), D47.Z1, Z48.2, 794, and 798.85.
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Summary
What is already known about this topic?

Studies suggest that immunocompromised persons who
receive COVID-19 vaccination might not develop high neutral-
izing antibody titers or be as protected against severe COVID-19
outcomes as are immunocompetent persons.

What is added by this report?

Effectiveness of mRNA vaccination against laboratory-
confirmed COVID-19-associated hospitalization was lower
(77%) among immunocompromised adults than among
immunocompetent adults (90%). Vaccine effectiveness varied
considerably among immunocompromised patient subgroups.
What are the implications for public health practice?
Immunocompromised persons benefit from COVID-19 mRNA
vaccination but are less protected from severe COVID-19
outcomes than are immunocompetent persons.
Immunocompromised persons receiving mRNA COVID-19
vaccines should receive 3 doses and a booster, consistent with
CDC recommendations, practice nonpharmaceutical interven-
tions, and, if infected, be monitored closely and considered
early for proven therapies that can prevent severe outcomes.

(e.g., dosage timing or temporarily withholding immunosup-
pressants), and further evaluate possible differences in VE
between vaccine products.

Corresponding author: Peter J. Embi, pembi@regenstrief.org.

IRegenstrief Institute, Indianapolis, Indiana; 2Indiana University School of
Medicine, Indianapolis, Indiana; 3Westat, Rockville, Maryland; 4Center for
Health Research, Kaiser Permanente Northwest, Portland, Oregon; >CDC
COVID-19 Response Team; 6Baylor Scott & White Health, Texas A&M
University College of Medicine, Temple, Texas; 7Department of Biomedical
Informatics, Columbia University, New York, New York; 8New York Presbyterian
Hospital, New York, New York; 9IDivision of Infectious Diseases and Clinical
Epidemiology, Intermountain Healthcare, Salt Lake City, Utah; 19School of
Medicine, University of Colorado, Anschutz Medical Campus, Aurora, Colorado;
HKaiser Permanente Vaccine Study Center, Kaiser Permanente Northern
California, Oakland, California; !2Center for Biomedical Informatics, Regenstrief
Institute, Indianapolis, Indiana; 13HealthPartners Institute, Minneapolis,
Minnesota; 14Fairbanks School of Public Health, Indiana University, Indianapolis,
Indiana; >Children’s Minnesota, Minneapolis, Minnesota.

All authors have completed and submitted the International
Committee of Medical Journal Editors form for disclosure of
potential conflicts of interest. Allison L. Naleway reports institutional
support from Pfizer outside the submitted work. Anupam B. Kharbanda
reports institutional support through HealthPartners to Children’s
Minnesota for VISION. Charlene McEvoy reports institutional
support from AstraZeneca for the AZD1222 COVID-19 vaccine

trial. Jill Ferdinands reports travel support from Institute for Influenza

Epidemiology, funded in part by Sanofi Pasteur. Nicola P Klein

reports institutional support from Pfizer for COVID-19 vaccine

clinical trials and institutional support from Pfizer, Merck,

GlaxoSmithKline, Sanofi Pasteur, and Protein Sciences (now Sanofi

Pasteur) outside the submitted work. Suchitra Rao reports grant

support from GlaxoSmithKline and Biofire Diagnostics. No other

potential conflicts of interest were disclosed.

—

10.

References

. Harpaz R, Dahl RM, Dooling KL. Prevalence of immunosuppression

among US adults, 2013. JAMA 2016;316:2547-8. PMID:27792809
https://doi.org/10.1001/jama.2016.16477

. Williamson EJ, Walker AJ, Bhaskaran K, et al. Factors associated with

COVID-19-related death using OpenSAFELY. Nature 2020;584:430—6.
PMID:32640463 https://doi.org/10.1038/s41586-020-2521-4

. Deepak P, Kim W, Paley MA, et al. Effect of immunosuppression on

the immunogenicity of mRNA vaccines to SARS-CoV-2: a prospective
cohort study. Ann Intern Med 2021. E-pub August 31, 2021.
PMID:34461029 https://doi.org/10.7326/M21-1757

. Tenforde MW, Patel MM, Ginde AA, et al.; Influenza and Other Viruses

in the Acutely Ill (IVY) Network. Effectiveness of SARS-CoV-2 mRNA
vaccines for preventing COVID-19 hospitalizations in the United States.
Clin Infect Dis 2021. E-pub August 6, 2021. PMID:34358310 https://
doi.org/10.1093/cid/ciab687

. CDC. COVID-19: Interim clinical considerations for use of COVID-19

vaccines currently approved or authorized in the United States.
Atlanta, GA: US Department of Health and Human Services, CDC;
2021. https://www.cdc.gov/vaccines/covid-19/clinical-considerations/
covid-19-vaccines-us.html

. Thompson MG, Stenchjem E, Grannis S, et al. Effectiveness of

COVID-19 vaccines in ambulatory and inpatient care settings. N Engl
J Med 2021;385:1355-71. PMID:34496194 https://doi.org/10.1056/
NE]Moa2110362

. Hughes K, Middleton DB, Nowalk MP, et al.; HAIVEN Study

Investigators. Effectiveness of influenza vaccine for preventing laboratory-
confirmed influenza hospitalizations in immunocompromised adults.
Clin Infect Dis 2021. E-pub January 3, 2021. PMID:33388741 https://
doi.org/10.1093/cid/ciaal 927

. Patel M, Chen J, Kim S, et al. Analysis of marketscan data for

immunosuppressive conditions and hospitalizations for acute respiratory
illness. Emerg Infect Dis 2020;26:1720-30. PMID:32348234 https://
doi.org/10.3201/eid2608.191493

. Greenberg JA, Hohmann SE, Hall JB, Kress JP, David MZ. Validation

of amethod to identify immunocompromised patients with severe sepsis
in administrative databases. Ann Am Thorac Soc 2016;13:253-8.
PMID:26650336 https://doi.org/10.1513/annalsats.201507-415bc
Grannis SJ, Rowley EA, Ong TC, et al.; VISION Network. Interim
estimates of COVID-19 vaccine effectiveness against COVID-19-
associated emergency department or urgent care clinic encounters and
hospitalizations among adults during SARS-CoV-2 B.1.617.2 (Delta)
variant predominance—nine states, June—August 2021. MMWR Morb
Mortal Wkly Rep 2021;70:1291-3. PMID:34529642 https://doi.
org/10.15585/mmwr.mm?7037¢2

Readers who have difficulty accessing this PDF file may access the HTML file at hetps://www.cdc.gov/mmwr/volumes/70/wr/mm7044e3.
htm?s_cid=mm7044e3_w. Address all inquiries about the MMWR Series, including material to be considered for publication, to Editor,
MMWR Series, Mailstop V25-5, CDC, 1600 Clifton Rd., N.E., Atlanta, GA 30329-4027 or to mmwrq@cdc.gov.

MMWR / November 2,2021 / Vol.70 7


mailto:pembi@regenstrief.org
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27792809&dopt=Abstract
https://doi.org/10.1001/jama.2016.16477
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32640463&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32640463&dopt=Abstract
https://doi.org/10.1038/s41586-020-2521-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34461029&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34461029&dopt=Abstract
https://doi.org/10.7326/M21-1757
https://pubmed.ncbi.nlm.nih.gov/34358310/
https://doi.org/10.1093/cid/ciab687
https://doi.org/10.1093/cid/ciab687
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34496194&dopt=Abstract
https://doi.org/10.1056/NEJMoa2110362
https://doi.org/10.1056/NEJMoa2110362
https://pubmed.ncbi.nlm.nih.gov/33388741/
https://doi.org/10.1093/cid/ciaa1927
https://doi.org/10.1093/cid/ciaa1927
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32348234&dopt=Abstract
https://doi.org/10.3201/eid2608.191493
https://doi.org/10.3201/eid2608.191493
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26650336&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26650336&dopt=Abstract
https://doi.org/10.1513/annalsats.201507-415bc
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34529642&dopt=Abstract
https://doi.org/10.15585/mmwr.mm7037e2
https://doi.org/10.15585/mmwr.mm7037e2
https://www.cdc.gov/mmwr/volumes/70/wr/mm7044e3.htm?s_cid=mm7044e3_w
https://www.cdc.gov/mmwr/volumes/70/wr/mm7044e3.htm?s_cid=mm7044e3_w
mailto:mmwrq@cdc.gov

