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BACKGROUND
There are limited data on the effectiveness of the vaccines against symptomatic 
coronavirus disease 2019 (Covid-19) currently authorized in the United States with 
respect to hospitalization, admission to an intensive care unit (ICU), or ambula-
tory care in an emergency department or urgent care clinic.

METHODS
We conducted a study involving adults (≥50 years of age) with Covid-19–like illness 
who underwent molecular testing for severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2). We assessed 41,552 admissions to 187 hospitals and 21,522 visits to 
221 emergency departments or urgent care clinics during the period from January 1 
through June 22, 2021, in multiple states. The patients’ vaccination status was docu-
mented in electronic health records and immunization registries. We used a test-nega-
tive design to estimate vaccine effectiveness by comparing the odds of a positive test 
for SARS-CoV-2 infection among vaccinated patients with those among unvaccinated 
patients. Vaccine effectiveness was adjusted with weights based on propensity-for-
vaccination scores and according to age, geographic region, calendar time (days from 
January 1, 2021, to the index date for each medical visit), and local virus circulation.

RESULTS
The effectiveness of full messenger RNA (mRNA) vaccination (≥14 days after the 
second dose) was 89% (95% confidence interval [CI], 87 to 91) against laboratory-
confirmed SARS-CoV-2 infection leading to hospitalization, 90% (95% CI, 86 to 93) 
against infection leading to an ICU admission, and 91% (95% CI, 89 to 93) against 
infection leading to an emergency department or urgent care clinic visit. The effec-
tiveness of full vaccination with respect to a Covid-19–associated hospitalization or 
emergency department or urgent care clinic visit was similar with the BNT162b2 and 
mRNA-1273 vaccines and ranged from 81% to 95% among adults 85 years of age or 
older, persons with chronic medical conditions, and Black or Hispanic adults. The ef-
fectiveness of the Ad26.COV2.S vaccine was 68% (95% CI, 50 to 79) against laboratory-
confirmed SARS-CoV-2 infection leading to hospitalization and 73% (95% CI, 59 to 
82) against infection leading to an emergency department or urgent care clinic visit.

CONCLUSIONS
Covid-19 vaccines in the United States were highly effective against SARS-CoV-2 in-
fection requiring hospitalization, ICU admission, or an emergency department or 
urgent care clinic visit. This vaccine effectiveness extended to populations that are 
disproportionately affected by SARS-CoV-2 infection. (Funded by the Centers for 
Disease Control and Prevention.)
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Three currently authorized coro-
navirus disease 2019 (Covid-19) vaccines 
in the United States were shown to be high-

ly effective in preventing symptomatic Covid-19 
in randomized, placebo-controlled phase 3 trials1-3 
and in subsequent observational vaccine-effec-
tiveness studies of messenger RNA (mRNA) 
Covid-19 vaccines.4-7 However, less is known 
about how well these vaccines protect against 
more severe illness due to severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) re-
sulting in hospitalization, admission to an inten-
sive care unit (ICU), or ambulatory care in an 
emergency department or urgent care clinic. In 
addition, estimates of vaccine effectiveness have 
been limited in populations that have been dis-
proportionately affected by Covid-19, including 
older adults, persons with chronic medical con-
ditions, and Black or Hispanic populations.8-14 
Data are lacking from real-world estimates of 
effectiveness of all three Covid-19 vaccines 
 authorized in the United States: BNT162b2 
(Pfizer–BioNTech), mRNA-1273 (Moderna), and 
Ad26.COV2.S (Johnson & Johnson–Janssen).

The Centers for Disease Control and Preven-
tion (CDC), in collaboration with seven U.S. 
health care systems and research centers with 
integrated medical, laboratory, and vaccination 
records, established the VISION Network to assess 
the effectiveness of Covid-19 vaccines with respect 
to laboratory-confirmed SARS-CoV-2 infection–
associated hospitalizations, ICU admissions, or 
visits to emergency departments or urgent care 
clinics from January 1 through June 22, 2021. 
Here, we report the findings of this assessment 
according to age group, race or ethnic group, 
underlying medical condition, and type of 
 Covid-19 vaccine.

Me thods

Study Design

The VISION network includes Columbia Univer-
sity Irving Medical Center (CUIMC; New York), 
HealthPartners Institute (Minnesota and Wiscon-
sin), Intermountain Healthcare (Utah), Kaiser 
Permanente Northern California (KPNC), Kaiser 
Permanente Northwest Center for Health Re-
search (KPNW; Oregon and Washington), Regen-
strief Institute (Indiana), and the University of 
Colorado. All seven network partners contribut-
ed data on hospitalizations and ICU visits from 

a total of 187 hospitals; three partners also con-
tributed data on visits to a total of 167 emer-
gency departments and a total of 54 urgent care 
clinics. The partners categorized their medical 
facilities into a total of 36 geographic subre-
gions (Table 1, and Table S1 in the Supplemen-
tary Appendix, available with the full text of this 
article at NEJM.org).

A full description of the study methods is 
available in the Supplementary Appendix. In 
brief, in a study involving adults (≥50 years of 
age), we used a test-negative design to assess the 
effectiveness of Covid-19 vaccines with respect 
to hospitalization lasting more than 24 hours, 
ICU admission (as a subset of hospitalization), 
or an emergency department or urgent care 
clinic visit associated with laboratory-confirmed 
SARS-CoV-2 infection and a diagnosis consistent 
with Covid-19–like illness.15-17

Covid-19–like illness was defined as a clinical 
diagnosis of acute respiratory illness (e.g., 
Covid-19, respiratory failure, or pneumonia) or 
signs or symptoms (e.g., cough, fever, dyspnea, 
vomiting, or diarrhea) that have been associated 
with Covid-19 in previous studies.12,13,18 We 
identified Covid-19–like illness using discharge 
codes (Table S2) from the International Classification 
of Diseases, 9th and 10th Revisions (ICD) that are 
based on previous studies of other viral respira-
tory diseases.19,20 Data on hospital readmissions 
within 30 days after discharge, repeat emergency 
department visits within 24 hours, or repeat 
visits to urgent care clinics within 24 hours were 
combined and analyzed as single medical visits 
within each clinical setting.

The demographic characteristics of the pa-
tients and their underlying medical conditions 
(defined according to the ICD codes that were 
assigned at the visit) were extracted from medi-
cal records. The study protocol, available at NEJM 
.org, was reviewed and approved by the institu-
tional review boards of the study partners. The 
study sponsor did not place limitations on pub-
lication or require confidentiality in the report-
ing of results.

SARS-CoV-2 Infection, Covid-19 Vaccination, 
and Viral Circulation

SARS-CoV-2 infection was confirmed by molec-
ular assays (e.g., real-time reverse-transcriptase–
polymerase-chain-reaction [RT-PCR] assays) that 
had been ordered by clinicians to detect infec-
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tion that occurred within 14 days before to less 
than 72 hours after a hospital admission or an 
emergency department or urgent care clinic visit. 
Covid-19 vaccination status was documented by 
state immunization registries (or, in the case of 
CUIMC, by a city registry), electronic health re-
cords, and claims data. The dates when Covid-19 
vaccines generally became available locally ac-
cording to the age group of the recipients (re-
gardless of their occupation or medical condi-
tions) and the time required for vaccination rec ords 
to be updated were provided by each partner.

As a measure of local SARS-CoV-2 circulation 
on the day of each medical visit, the 7-day moving 
average of the percentage of RT-PCR tests that 
were SARS-CoV-2–positive within each of the 36 
geographic subregions was extracted from pub-
lic health records. Details are provided in the 
Supplementary Appendix.

Statistical Analysis

The effectiveness of Covid-19 vaccines was as-
sessed with the use of a test-negative design to 
compare the odds of testing positive for SARS-
CoV-2 among vaccinated patients with the odds 
among unvaccinated patients. The test-negative 
design is widely used in postlicensure evalua-
tions of vaccine effectiveness and is thought to 
minimize biases associated with access to vac-
cination or health care utilization.15-17 A patient 
with Covid-19 was defined as a person with at 
least one ICD code that was consistent with 
Covid-19–like illness and at least one positive 
SARS-CoV-2 test result; control patients were 
defined as persons with at least one ICD code for 
Covid-19–like illness and only negative SARS-
CoV-2 test results.

The index date for each medical visit was 
defined as either the date of collection of a 
respiratory specimen associated with the most 
recent positive or negative SARS-CoV-2 test result 
before the medical visit or the date of the 
medical visit (if testing occurred only after the 
admission or visit date). We included medical 
visits that had occurred at least 14 days after the 
local eligibility date for age-specific Covid-19 
vaccination (Table 1), so all the patients were 
assumed to have had an opportunity to be at 
least partially vaccinated before their index date.

In univariate comparisons of SARS-CoV-2–
positive patients with negative controls and of 
unvaccinated patients with vaccinated patients 

(≥14 days after the first dose), a standardized 
mean or proportion difference of more than 0.2 
was considered to be noteworthy.21 Vaccine ef-
fectiveness was estimated with the use of multi-
variable logistic-regression models adjusted for 
potential confounding in the associations be-
tween vaccination status and laboratory confir-
mation of SARS-CoV-2 infection through inclu-
sion of a priori covariates and through weights 
based on propensity-for-vaccination scores. Us-
ing established methods for estimating propen-
sity scores within case–control studies,22 we first 
estimated propensity-for-vaccination scores among 
test-negative controls and then used the fitted 
model to calculate propensity-for-vaccination 
scores for test-positive observations.

Because the test-negative design has also 
been interpreted as an indirect cohort design15 
and because Covid-19 is not currently a rare out-
come, we also used all study observations in a 
sensitivity analysis to estimate propensity-for-
vaccination scores. Each observation was weight-
ed by the inverse of the propensity to be vac-
cinated (if the patient was vaccinated) or 
unvaccinated (if patient was not vaccinated). 
Generalized boosted regression trees were used 
to estimate the propensity to be vaccinated with 
a set of explanatory variables including socio-
demographic characteristics, underlying medical 
conditions, and characteristics of the hospital or 
emergency department or urgent care clinic.23 
Separate weights were calculated for each vac-
cine-effectiveness model and were truncated at 
the 99.9 percentile of the distribution of weights 
within each model.24 Age, geographic subregion, 
calendar time (days from January 1, 2021, to the 
index date), and local virus circulation were in-
cluded both in weight calculations and as co-
variates in the vaccine-effectiveness regression 
models.25

In a secondary analysis, vaccine effectiveness 
was estimated for patients at 14-day intervals 
after each dose of vaccine.26 Vaccine effectiveness 
among patients who received the first dose less 
than 14 days before the index date should ap-
proach zero in an unbiased model, since pro-
tective immunity is unlikely immediately after 
vaccination.7

Four sensitivity analyses that were conducted 
for the pooled estimates of mRNA-based vaccine 
effectiveness are described in detail in the Supple-
mentary Appendix. First, to examine possible 
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heterogeneity in vaccine effectiveness among 
health care systems, vaccine effectiveness was 
stratified according to network partner. Second, 
to explore possible heterogeneity in vaccine ef-
fectiveness according to outcome, vaccine effec-
tiveness models were narrowed to medical visits 
in which an ICD code for Covid-19–like illness 
was listed as the first or primary diagnosis code, 
and according to medical visits that included an 
ICD code for pneumonia. Third, vaccine effec-
tiveness was estimated after excluding patients 
with any SARS-CoV-2–positive result on molecu-
lar or antigen assays more than 14 days before 
the index date. Fourth, to examine potential bias 
introduced by testing ordered by clinicians, we 
calculated inverse weights that accounted for 
both the propensity to be vaccinated and the 
propensity to be tested.

To aid in the interpretation of estimates of 
vaccine effectiveness, a simulation model was 
used to assess the influence of possible mis-
classification of vaccination exposure or out-
comes27 (Section S4). All the analyses were con-
ducted with the use of SAS software, version 
9.4 (SAS Institute) or R software, version 4.0.2 
(R Foundation for Statistical Computing).

R esult s

Study Sample

A total of 103,199 hospitalizations of patients 
with Covid-19–like illness who were 50 years of 
age or older were identified by the seven VISION 
partners; of these hospitalizations, 64,400 (62%) 
occurred after the dates of age-specific Covid-19 
vaccine eligibility and the time required for vac-
cination records to be updated (Table S3). The 
hospitalizations occurred during the period 
from January 1 through June 22, 2021. Among 
unvaccinated patients who were hospitalized, 
the median duration from vaccine eligibility to 
the index date was 39 days (interquartile range, 
16 to 70) (Table S4). SARS-CoV-2 testing with a 
molecular assay ordered by clinicians was con-
ducted for 74% of the patients who were hospi-
talized (range across network partners, 55 to 99). 
During the period from January 1 through June 
22, a total of 121,709 visits to emergency depart-
ments or urgent care clinics for Covid-19–like 
illness were identified by three partners; 76,220 
visits (63%) occurred after vaccine age eligibility 
and updates to vaccination records (Table S5). 

Among the patients who visited an emergency 
department or urgent care clinic, the median 
duration from vaccine eligibility to the index 
date was 39 days (interquartile range, 15 to 70); 
30% (range, 25 to 41) of these patients were 
tested by means of molecular assay. Across the 
partners, 1872 hospitalizations and 1350 emer-
gency department or urgent care clinic visits 
were excluded because the index dates occurred 
1 to 13 days after the patient received the first 
dose of Covid-19 vaccine and immunity was con-
sidered indeterminant.

Our analytic sample included 41,552 hospital-
izations and 21,522 emergency department or 
urgent care clinic visits; 3% of the hospitaliza-
tions and 14% of the emergency department or 
urgent care clinic visits were repeat medical 
visits by the same patient (Table 2). Characteris-
tics of the patients are listed in Table 2, and 
characteristics of the patients according to net-
work partner are provided in Tables S6 through 
S11. The median age was 74 years (interquartile 
range, 66 to 82) among hospitalized patients 
and 70 years (interquartile range, 61 to 78) among 
those who visited an emergency department or 
urgent care clinic. Black patients and Hispanic 
patients accounted for a larger percentage of 
medical visits in the hospitalization sample (9% 
and 11%, respectively) than in the emergency 
department or urgent care sample (4% and 5%); 
these findings reflect in part the differing de-
mographic characteristics of the network part-
ners that contributed data on emergency depart-
ment or urgent care clinic visits. The percentage 
of patients with underlying medical conditions 
was higher among hospitalized patients than 
among those who visited an emergency depart-
ment or urgent care clinic.

Covid-19–Associated Medical Care

We identified 4321 patients with Covid-19 who 
had laboratory-confirmed SARS-CoV-2 infection 
among 41,552 patients who were hospitalized 
(10%; range across network partners, 5 to 21); 
the remaining 37,231 hospitalized patients (90%) 
had discharge codes for Covid-19–like illness 
but were SARS-CoV-2–negative. Laboratory-con-
firmed SARS-CoV-2 infection was identified in 
3251 of 21,522 patients who visited an emer-
gency department or urgent care clinic (15%; 
range across network partners, 9 to 19); the re-
maining 18,271 patients who visited an emer-
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gency department or urgent care clinic (85%) 
were SARS-CoV-2–negative (Table 2). The percent-
age of SARS-CoV-2–positive patients also varied 
among network partners (Tables S12 and S13).

The percentage of patients with laboratory-
confirmed SARS-CoV-2 infection decreased with 
age among hospitalized patients and among 
those with emergency department or urgent care 
clinic visits. In both care settings, the percent-
age of infected patients was higher among unvac-
cinated patients and lower among White pa-
tients, non-Hispanic patients, and those with 
chronic nonrespiratory conditions. The numbers 
of both SARS-CoV-2–positive patients and SARS-
CoV-2–negative patients with medical visits on 
each day are provided in Figures S1 through S10.

Covid-19 Vaccination Status

On the index date, unvaccinated patients com-
posed approximately half the patients who were 
hospitalized (49%; range across network part-
ners, 26 to 73) or visited an emergency depart-
ment or urgent care clinic (55%; range, 45 to 65) 
(Table 2). In both samples, the largest differ-
ences between vaccinated and unvaccinated pa-
tients were age, network partner, calendar time, 
and local SARS-CoV-2 circulation on the index 
date. These same differences were noted when 
the sample was limited to SARS-CoV-2–positive 
patients only (Tables S14 and S15). As described 
in the Supplementary Appendix, the application 
of inverse propensity-to-be-vaccinated weighting 
reduced the differences between vaccinated and 
unvaccinated patients with respect to these fac-
tors and other patient characteristics to a stan-
dard mean difference of less than 0.2.

Among vaccinated patients, 53.4% of those 
who were hospitalized and 53.7% of those who 
visited an emergency department or urgent care 
clinic had received the BNT162b2 vaccine, 43.3% 
and 41.6%, respectively, had received the mRNA-
1273 vaccine, and 3.3% and 4.7%, respectively, 
had received the Ad26.COV2.S vaccine. The me-
dian days from full vaccination to the index date 
were similar with the three types of Covid-19 
vaccines and with both samples (hospitalization 
and emergency department or urgent care clinic) 
(range, 42 to 53). Among the patients who re-
ceived the BNT162b2 vaccine, the median dura-
tion from partial vaccination (one dose) to the 
index date of hospitalization was 21 days and 
the median duration from partial vaccination to 

the index date of an emergency department or 
urgent care visit was 20 days; among patients 
who received the mRNA-1273 vaccine, these du-
rations were 26 days and 24 days, respectively. 
These findings reflected the different dosing 
schedules of these vaccines.

mRNA-Based Vaccine and Hospitalization

Among adults who were 50 years of age or older, 
the effectiveness of full two-dose mRNA-based 
vaccination (≥14 days after the second dose) was 
89% (95% confidence interval [CI], 87 to 91) 
against laboratory-confirmed SARS-CoV-2 infec-
tion leading to hospitalization; the vaccine-effec-
tiveness point estimates were similar (differ-
ences, ≤5 percentage points) with the BNT162b2 
and mRNA-1273 vaccines (Figs. 1 and 2). The 
effectiveness of full mRNA-based vaccination 
was 83% (95% CI, 77 to 87) among patients who 
were at least 85 years of age, 86% (95% CI, 75 to 
92) among Black patients, 90% (95% CI, 85 to 93)
among Hispanic patients, 90% (95% CI, 88 to
92) among patients with chronic respiratory
conditions, and 88% (95% CI, 86 to 90) among
patients with chronic nonrespiratory conditions
(Fig. 2). When the hospital sample was limited
to 7283 admissions to an ICU, the effectiveness
of full mRNA-based vaccination against labora-
tory-confirmed SARS-CoV-2 infection leading to
ICU admission was 90% (95% CI, 86 to 93)
(Table S16).

Patients who were partially vaccinated with 
one dose of mRNA-based vaccine received the 
first dose at least 14 days before the index date 
and had not received the second dose by the 
index date. Patients who were partially vaccinated 
with two doses of mRNA-based vaccine received 
the second dose 1 to 13 days before the index 
date. Among patients who received an mRNA-
based vaccine, the effectiveness of partial one-
dose vaccination (≥14 days after the first dose, 
but without the second dose) was 54% (95% CI, 
47 to 61) against SARS-CoV-2 infection leading 
to hospitalization, and the effectiveness of partial 
two-dose vaccination (1 to 13 days after the sec-
ond dose) was 73% (95% CI, 66% to 79). With 
both the BNT162b2 and mRNA-1273 vaccines, 
the effectiveness of full vaccination with respect 
to Covid-19–associated hospitalization was high-
er than that of partial vaccination (first dose) 
(with 95% confidence intervals that did not over-
lap) (Fig. 1). A similar pattern of higher vaccine-
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effectiveness point estimates for full mRNA-
based vaccination than for partial mRNA-based 
vaccination was noted in all stratified analyses 
(Table S17). The effectiveness after partial vac-

cination (first dose) was lower with BNT162b2 
than with mRNA-1273 (Fig. 1).

The estimates of the effectiveness of full 
mRNA-based vaccination were similar when 

Figure 1. Estimated Vaccine Effectiveness against SARS-CoV-2 Infection Leading to Hospitalization or an Emergency 
Department or Urgent Care Clinic Visit, According to the Type of Vaccine.

Patients who were partially vaccinated with one dose of a messenger RNA (mRNA)–based vaccine received the first 
dose at least 14 days before the index date for the medical visit and had not received the second dose by the index 
date. Patients who were partially vaccinated with two doses of an mRNA‑based vaccine received the second dose 1 
to 13 days before the index date. Fully vaccinated patients received a single dose of the Ad26.COV2.S vaccine or the 
second dose of an mRNA‑based vaccine at least 14 days before the index date. CI denotes confidence interval, and 
SARS‑CoV‑2 severe acute respiratory syndrome coronavirus 2.
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stratified according to the six network partners 
that contributed the most data on hospitaliza-
tions (range, 82 to 97%); however, heterogeneity 
was observed among the partners in the estimates 

of effectiveness of partial vaccination (first dose). 
Vaccine effectiveness also remained consistent 
in the other sensitivity analyses (Section S5). Our 
simulation model suggested that if both mis-

Figure 2. Estimated Effectiveness of Full Two-Dose mRNA Vaccination against SARS-CoV-2 Infection Leading 
to Hospitalization, According to Age, Race or Ethnic Group, and Underlying Medical Conditions.
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76 (68–82)
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2,033
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264
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  16 (6.1)
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classification of outcome and of exposure occur, 
vaccine effectiveness could be underestimated by 
as much as 10 percentage points, given the rates 
of clinical testing, percent positivity, and vacci-
nation coverage observed in our hospitalization 
sample.

In secondary analyses, we stratified mRNA-
based vaccine exposure according to 14-day inter-
vals after administration (Fig. 3) and according 
to type of vaccine (Table S18). Vaccine effective-
ness with respect to Covid-19–associated hospi-
talization was null 0 to 13 days after the first 
dose, and vaccine-effectiveness point estimates 
increased through 55 days after the first dose. 
Vaccine-effectiveness point estimates for full 
mRNA-based vaccination remained consistently 
high (>80%) through at least 112 days after the 
second dose.

mRNA-Based Vaccine and Emergency 
Department and Urgent Care Visits

The effectiveness of full two-dose mRNA-based 
vaccination was 91% (95% CI, 89 to 93) against 
laboratory-confirmed SARS-CoV-2 infection lead-
ing to emergency department or urgent care 
clinic visits (Fig. 4); the vaccine-effectiveness 
point estimates were similar (3 percentage points) 
with the BNT162b2 and mRNA-1273 vaccines 
(Fig. 1). The effectiveness of full mRNA-based 
vaccination was 84% (95% CI, 73 to 91) among 
adults who were 85 years of age or older, 95% 
(95% CI, 84 to 98) among Black patients, 81% 
(95% CI, 70 to 88) among Hispanic patients, and 
90% (95% CI, 86 to 93) and 90% (95% CI, 87 to 92) 
among patients with chronic respiratory condi-
tions and those with chronic nonrespiratory 
conditions, respectively (Fig. 4). The effective-
ness of partial (one-dose) mRNA-based vaccina-
tion (both types) against SARS-CoV-2 infection 
leading to emergency department or urgent care 
clinic visits was 68% (95% CI, 61 to 74), and the 
effectiveness of partial (two-dose) vaccination 
was 80% (95% CI, 73 to 85) (Table S19). With 
both the BNT162b2 and mRNA-1273 vaccines, 
the effectiveness of full vaccination against 
SARS-CoV-2 infection leading to emergency de-
partment or urgent care clinic visits was higher 
than the effectiveness with partial vaccination 
(one dose) (Fig. 1).

In sensitivity analyses, vaccine-effectiveness 
point estimates for full mRNA-based vaccination 
against SARS-CoV-2 infection leading to emer-

gency department or urgent care clinic visits 
ranged from 89 to 97% across the three network 
partners. Estimates of vaccine effectiveness also 
remained consistent in other sensitivity analyses 
(Section S5).

In secondary analyses, vaccine effectiveness 
against SARS-CoV-2 infection leading to emer-
gency department or urgent care clinic visits was 
null 0 to 13 days after the first dose, and then 
vaccine-effectiveness point estimates increased 
through 55 days after the first dose. Vaccine-effec-
tiveness point estimates for full mRNA-based 
vaccination remained consistently high (≥86%) 
through at least 112 days after the second dose 
(Fig. 3). Estimates of effectiveness according to 
the type of Covid-19 vaccine are provided in Ta-
ble S20.

Effectiveness of Ad26.COV2.S Vaccine

Estimates of the effectiveness of Ad26.COV2.S 
vaccine were limited to five network partners 
with Ad26.COV2.S vaccine recipients (CUIMC, 
Intermountain Healthcare, KPNC, KPNW, and 
Regenstrief Institute). These analyses included 
11,468 hospitalizations and 8917 emergency 
department or urgent care clinic visits that oc-
curred after the index date for the first patient 
who was fully vaccinated with Ad26.COV2.S for 
each network partner (Fig. 1). The effectiveness of 
the full one-dose Ad26.COV2.S vaccine was 68% 
(95% CI, 50 to 79) with respect to Covid-19–
associated hospitalization; the effectiveness of 
full vaccination against SARS-CoV-2 infection 
leading to emergency department or urgent care 
clinic visits was 73% (95% CI, 59 to 82) (Fig. 1).

Discussion

In this multistate analysis of more than 63,000 
medical visits (from January 1 through June 22, 
2021) in the VISION network, among patients 
who were at least 50 years of age, who presented 
with Covid-19–like illness, and who were clini-
cally tested for SARS-CoV-2 infection with a mo-
lecular assay, estimates of vaccine effectiveness 
against symptomatic Covid-19 were consistently 
high in a wide range of medical care settings, 
from emergency department or urgent care clin-
ics to ICUs. Specifically, after adjustment for 
age, geographic region, calendar time, local virus 
circulation, and the propensity to be vaccinated, 
the effectiveness of mRNA-based vaccines was 
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88% against a SARS-CoV-2 infection leading to 
hospitalization, 90% against infection leading to 
ICU admission, and 91% against infection lead-
ing to an emergency department or urgent care 

clinic visit. Our findings complement those in 
other recent studies of the effectiveness of 
mRNA-based vaccines with respect to Covid-19–
associated hospitalization6,7 and expand our 

Figure 3. Estimated Effectiveness of mRNA-Based Vaccination against SARS-CoV-2 Infection Leading to Hospitalization or 
an Emergency Department or Urgent Care Visit, According to the Days since the Most Recent Dose Was Administered.

The total number of hospitalizations shown is higher than the total number in the main analysis because this sec‑
ondary analysis was conducted weeks after the main analysis and incorporated updated information from vaccina‑
tion records and registries; specifically, an additional 212 hospitalizations among unvaccinated patients and 831 
hospitalizations among vaccinated patients with confirmed vaccination status were included.

Effectiveness against hospitalization
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14–27 Days after dose 1

28–41 Days after dose 1

42–55 Days after dose 1

≥56 Days after dose 1

Partially vaccinated — 2 doses
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568

11,812

1,255

1,346

307

72

195

1,269

1,198

1,170

1,067

924

667

487

331

221

3711 (18.0)  

290 (16.6)

181 (9.6)  

30 (6.3)

  4 (2.1)

17 (3.0)

107 (4.3)

48 (1.7)

41 (1.5)

41 (1.6)

51 (2.1)

24 (1.2)

27 (1.8)

23 (2.4)

11 (1.9)

2847 (24.1)  

252 (20.1)

128 (9.5)  

18 (5.9)

  2 (2.8)

  7 (3.6)

66 (5.2)

23 (1.9)

20 (1.7)

18 (1.7)

28 (3.0)

24 (3.6)

13 (2.7)

17 (5.1)

11 (5.0)

no. (%) %



n engl j med   nejm.org 14

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

knowledge of the clinical protection offered by 
Covid-19 vaccines in at least four ways.

First, mRNA-based vaccines were highly ef-
fective among adults who were 85 years of age 
or older and persons with chronic medical con-
ditions. This finding is reassuring, given that 
these groups can have impaired immune re-
sponses to other vaccines28-30 and are most at 
risk for severe and prolonged manifestations of 
Covid-19 and death.8,9,13,14 Second, in Black adults 
and Hispanic adults, who have been dispropor-

tionately affected by Covid-19, mRNA-based vac-
cines were similarly effective with respect to 
Covid-19–associated hospitalization and an emer-
gency department or urgent care clinic vis-
it.9-11,14,31 Third, the effectiveness of full mRNA-
based vaccination remained consistently high at 
least until 112 days after the second dose, which 
was the longest interval since vaccination during 
our study period. Fourth, we examined the ef-
fectiveness of all three authorized Covid-19 vac-
cines in the United States.

Figure 4. Estimated Effectiveness of Full Two-Dose mRNA-Based Vaccination against SARS-CoV-2 Infection Leading 
to an Emergency Department or Urgent Care Clinic Visit, According to Age, Race or Ethnic Group, and Underlying 
Medical Conditions.
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This study complements other published esti-
mates of the effectiveness of the BNT162b2 vac-
cine,5,6,32,33 and it confirms that the effectiveness 
of full vaccination with mRNA-1273 is very 
similar to that of BNT162b2 with respect to both 
hospital and emergency department or urgent 
care outcomes. Among adults 50 years of age or 
older, the effectiveness of the Ad26.COV2.S vac-
cine was 73% with respect to a Covid-19–associ-
ated emergency department or urgent care visit 
and 68% with respect to Covid-19–associated 
hospitalization; these estimates were lower than 
those for full vaccination with the mRNA-based 
vaccines, but, pending further research, this find-
ing should be interpreted with caution because of 
the relatively small number of observations.

The effectiveness of partial (one-dose) mRNA-
based vaccination (≥14 days after the first dose 
but before the second dose) was 54% against 
SARS-CoV-2 infection leading to hospitalization 
and 68% against SARS-CoV-2 infection leading 
to emergency department or urgent care clinic 
visits; these vaccine-effectiveness point estimates 
are similar to recent estimates6,33 of vaccine ef-
fectiveness against medically attended Covid-19 
and at the lower end of the wide range of re-
ported vaccine effectiveness against symptomatic 
Covid-19 (50% to 80%).1,2,5,32,34 These vaccine-effec-
tiveness point estimates, and in particular the 
partial (one-dose) effectiveness of the BNT162b2 
vaccine, should be interpreted with caution, given 
the heterogeneity in estimates among partners 
and because vaccine-effectiveness estimates are 
probably dependent on the observation period; 
these point estimates for both hospitalization 
and emergency department or urgent care clinic 
visits were lowest 14 to 27 days after the first 
dose and increased through 55 days after the 
first dose. Nonetheless, during our study period, 
the effectiveness of full two-dose mRNA-based 
vaccination was consistently higher than the ef-
fectiveness of partial (one-dose) vaccination; this 
finding reinforces the importance of completing 
vaccination with both doses of mRNA-based 
vaccines.

Our study relied on a test-negative design in 
which the study patients were those who sought 
care for the clinical syndrome of Covid-19–like 
illness. This design minimizes bias arising from 
differences in health care–seeking behavior be-
tween vaccinated and unvaccinated patients and 
is analogous to an indirect cohort design.15 If 

certain assumptions are met, the estimate of 
vaccine effectiveness against symptomatic Covid-19 
can be generalized to the source population of 
adults in the communities served by the partici-
pating emergency departments or urgent care 
clinics and hospital facilities in the study sam-
ple. The incidence of Covid-19–like illness that 
was unrelated to Covid-19 (i.e., in SARS-CoV-2–
negative patients) should not vary according to 
Covid-19 vaccination status. This assumption 
could be violated if the effect of Covid-19 vac-
cines on the risk of infection with other patho-
gens or if differences in disease among SARS-
CoV-2–negative patients according to vaccination 
status are not sufficiently adjusted in the statisti-
cal model.

In addition, vaccine effectiveness should be 
the same among patients who would seek and 
receive medical attention and those who would 
not, given similar Covid-19 severity. Under these 
assumptions, our estimates can be interpreted 
as the effectiveness of the vaccine for prevention 
of SARS-CoV-2 infection that is severe enough 
for medical attention among patients who would 
seek and have access to care if Covid-19–like 
illness developed. These assumptions, although 
plausible, are not directly testable with the study 
data but are consistent with the assumptions in 
studies showing the similarity between estimates 
derived from the test-negative designs and those 
derived from randomized clinical trials35 and 
from simulations of cohort studies.17

Among the strengths of the study are the 
large number of medical visits examined in a 
network of 187 hospitals, 167 emergency depart-
ments, and 54 urgent care clinics across multi-
ple health care systems and geographic regions 
of the United States. In addition, a common 
protocol was used to identify diagnoses consis-
tent with Covid-19–like illness and to detect 
SARS-CoV-2 infection with highly sensitive and 
specific molecular assays. The type of Covid-19 
vaccines and vaccination dates were documented 
in electronic health records for vaccines admin-
istered within the health care system and by 
state and city immunization registries for vac-
cines administered in pharmacies, public health 
facilities, and other health care settings. Our 
estimation of vaccine effectiveness stratified ac-
cording to age, race or ethnic group, and chron-
ic medical conditions allowed us to examine 
vaccine effectiveness in populations with a high 
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Covid-19 burden and historically limited partici-
pation in vaccine trials,36,37 while at the same 
time reducing bias that may be introduced be-
cause health care–seeking behavior and vaccina-
tion uptake may vary according to sociodemo-
graphic groups.

Our study is subject to at least five limita-
tions. First, although inverse weights balanced 
vaccinated and unvaccinated medical visits on 
sociodemographic and health characteristics, 
and we further adjusted for age, geographic re-
gion, calendar time, and local virus circulation, 
unmeasured and residual confounding may have 
biased our estimates. For example, we did not 
know the occupations of the patients, which is 
associated with exposure to virus and access to 
and use of vaccination and personal protective 
equipment. However, we attempted to minimize 
this bias by limiting the observation period to 
weeks after Covid-19 vaccines became available 
to the general public, regardless of occupation 
or chronic medical conditions. Second, the per-
centage of patients who were clinically tested for 
SARS-CoV-2 by molecular assay differed across 
network partners and clinical settings, and vac-
cine-effectiveness estimates can be biased if 
clinicians make testing decisions based on vac-
cination status.38,39

Third, our simulation models suggest that 
misclassification of vaccine exposures or out-
comes could bias our vaccine-effectiveness esti-
mates downward.27 Fourth, the circulation of 
SARS-CoV-2 variants of concern increased dur-
ing the study period, and we were unable to 
evaluate whether vaccine effectiveness differed 
according to SARS-CoV-2 lineage. Nonetheless, 
most of our observations occurred during months 
when SARS-CoV-2 variants of concern — and, in 
particular, the B.1.1.7 variant (alpha) — were 
predominant viruses in the geographic regions 
covered by the network. To the extent that po-
tential biases (by testing practices, vaccine cov-

erage, and virus circulation) may have varied 
across study partners, it was reassuring to find 
in stratified models across partners similar ef-
fectiveness of full mRNA-based vaccination with 
respect to Covid-19 hospitalization (87 to 91%) 
and emergency department or urgent care clinic 
visits (89 to 92%) (Fig. 1). Finally, although the 
consistency of vaccine effectiveness across dif-
ferent levels of medical care that we observed is 
not indicative of vaccine attenuation of disease 
severity, to the extent that Covid-19 vaccines may 
attenuate viral shedding and reduce virus detec-
tion among breakthrough infections,40 this would 
result in overestimation of vaccine effectiveness 
against SARS-CoV-2 infection.

Our analysis of medical visits during a 
6-month period showed that mRNA-based vac-
cines, when fully administered, are highly effec-
tive against laboratory-confirmed SARS-CoV-2 
infection leading to hospitalization, ICU admis-
sion, and emergency department or urgent care 
clinic visits among adults 50 years of age or 
older, including those most at risk for severe 
Covid-19 because of advanced age, underlying 
medical conditions, or race or ethnic group. 
Early findings suggest that the Ad26.COV2.S 
vaccine also has high effectiveness, although ad-
ditional data are needed. These findings rein-
force the value of widespread Covid-19 vaccina-
tion, underscore the importance of completing 
vaccination for both mRNA-based vaccines, and 
may help to motivate persons who remain hesi-
tant to be vaccinated, including Black adults and 
Hispanic adults.

The findings and conclusions in this report are those of the 
authors and do not necessarily represent the official position of 
the Centers for Disease Control and Prevention.
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