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Two coronavirus disease 2019 (COVID-19) vaccines are 
currently authorized for use in the United States. The Food 
and Drug Administration (FDA) issued Emergency Use 
Authorization (EUA) for the Pfizer-BioNTech COVID-19 
vaccine on December 11, 2020, and for the Moderna 
COVID-19 vaccine on December 18, 2020; each is 
administered as a 2-dose series. The Advisory Committee 
on Immunization Practices issued interim recommendations 
for Pfizer-BioNTech and Moderna COVID-19 vaccines 
on December 12, 2020 (1), and December 19, 2020 (2), 
respectively; initial doses were recommended for health 
care personnel and long-term care facility (LTCF) residents 
(3). Safety monitoring for these vaccines has been the most 
intense and comprehensive in U.S. history, using the Vaccine 
Adverse Event Reporting System (VAERS), a spontaneous 
reporting system, and v-safe,* an active surveillance system, 
during the initial implementation phases of the COVID-19 
national vaccination program (4). CDC conducted descriptive 
analyses of safety data from the first month of vaccination 
(December 14, 2020–January 13, 2021). During this period, 
13,794,904 vaccine doses were administered, and VAERS 
received and processed† 6,994 reports of adverse events after 
vaccination, including 6,354 (90.8%) that were classified 
as nonserious and 640 (9.2%) as serious.§ The symptoms 
most frequently reported to VAERS were headache (22.4%), 

* https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/vsafe.html
† Processed VAERS reports are those that have been MedDRA-coded, been 

deduplicated, and undergone quality assurance and quality control.
§ Based on the Code of Federal Regulations, a serious adverse event is defined as 

occurring if one of the following is reported: death, life-threatening illness, 
hospitalization or prolongation of hospitalization, permanent disability, 
congenital anomaly, or birth defect. https://www.accessdata.fda.gov/scripts/
cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr

fatigue (16.5%), and dizziness (16.5%). A total of 113 deaths 
were reported to VAERS, including 78 (65%) among LTCF 
residents; available information from death certificates, autopsy 
reports, medical records, and clinical descriptions from VAERS 
reports and health care providers did not suggest any causal 
relationship between COVID-19 vaccination and death. 
Rare cases of anaphylaxis after receipt of both vaccines were 
reported (4.5 reported cases per million doses administered). 
Among persons who received Pfizer-BioNTech vaccine, 
reactions reported to the v-safe system were more frequent 
after receipt of the second dose than after the first. The initial 
postauthorization safety profiles of the two COVID-19 
vaccines in current use did not indicate evidence of unexpected 
serious adverse events. These data provide reassurance and 
helpful information regarding what health care providers and 
vaccine recipients might expect after vaccination.

VAERS is an existing national passive surveillance system 
for adverse events after vaccination that accepts reports from 
health care providers, vaccine manufacturers, and the pub-
lic. Reported signs and symptoms are coded using Medical 
Dictionary for Regulatory Activities (MedDRA) terminology.¶ 
Serious adverse events are followed up by the VAERS program 
to obtain additional information, including medical records, 
information from health care providers, and, in the case of 
death, death certificates and autopsy reports (4).

V-safe is a safety monitoring system established by CDC 
specifically for the COVID-19 vaccination program. V-safe 
participants voluntarily self-enroll and receive smartphone 

¶ A single VAERS report might be assigned more than one MedDRA Preferred 
Term; not all terms are medically confirmed diagnoses. https://www.meddra.
org/how-to-use/basics/hierarchy
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text messages providing hyperlinks to web surveys.** During 
the first week after vaccination, enrollees complete daily sur-
veys asking about local injection site and systemic reactions. 
Enrollees are asked if they missed work, were unable to perform 
normal daily activities, or received care from a medical pro-
fessional because of reported symptoms or heath conditions. 
Enrollees who report seeking medical care are contacted, and 
a VAERS report is completed if clinically indicated. Persons 
who do not report their sex as male are asked about pregnancy 
status at time of vaccination (initial survey) and about a positive 
pregnancy test result (3- and 6-week surveys); reported preg-
nancies are followed up through the v-safe pregnancy registry.††

CDC conducted descriptive analyses of data from VAERS 
and v-safe during December 14, 2020–January 13, 2021, a 
period when the first and second doses of Pfizer-BioNTech 
vaccine and the first dose of Moderna vaccine were adminis-
tered. Because LTCF staff members were vaccinated at LTCF 
facilities, residents of LTCFs were presumptively identified 
by restricting examination of VAERS reports to adults aged 
≥65 years with a documented vaccination at an LTCF. To 
ensure that LTCF residents with serious adverse events were 
identified, manual review was conducted of all reports of 
serious adverse events among those vaccinated in LTCFs, 
regardless of vaccine recipient’s age. Administered vaccine 
doses were reported to CDC.§§ These activities were reviewed 
by CDC and are consistent with applicable federal law and 
CDC policy.¶¶ All analyses were conducted using SAS software 
(version 9.4; SAS Institute). 

During December 14, 2020–January 13, 2021, a total of 
13,794,904 COVID-19 vaccine doses were administered 
in the United States; 8,436,863 (61.2%) doses were 
administered to women. VAERS received 6,994 reports of 
COVID-19–associated adverse events during this period. 
Among all reports, 6,354 (90.8%) were classified as nonserious 
and 640 (9.2%) as serious, including 113 (1.6%) deaths. The 
median age of vaccine recipients in VAERS reports was 42 
years (range  =  15–104 years); 5,505 (78.7%) reports were 
submitted for adverse events in women. Headache (22.4%), 
fatigue (16.5%), and dizziness (16.5%) were the most 
frequently reported symptoms after vaccination with either 
vaccine (Table 1). Sixty-two reports of anaphylaxis have been 

 ** V-safe enrollees receive daily health check-ins via smartphone text messages 
that link to web-based surveys for the first 7 days after vaccination, then weekly 
through 6 weeks postvaccination and then at 3, 6, and 12 months. The health 
check-in process resets when a person receives a second dose of vaccine.

 †† https://www.cdc.gov/vaccinesafety/pdf/vsafe-pregnancy-surveillance-
protocol-508.pdf

 §§ https://covid.cdc.gov/covid-data-tracker/#datatracker-home
 ¶¶ 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.

confirmed, 46 (74.2%) after receipt of the Pfizer-BioNTech 
vaccine and 16 (25.8%) after receipt of the Moderna vaccine. 

VAERS Reports Involving Non-LTCF Residents
Among the 6,994 VAERS reports received and processed, 

6,844 (97.9%) involved persons not residing in LTCFs; among 
these, 5,533 (80.8%) received the Pfizer-BioNTech vaccine and 
1,311 (19.2%) received the Moderna vaccine. Most reports con-
cerned women (5,413; 79.1%), and the median age of persons 
reporting adverse events was 42 years (range = 15–96 years). 
The most frequently reported symptoms were headache (1,564; 
22.9%), dizziness (1,149; 16.8%), and fatigue (1,147; 16.8%). 
Among these reports, 6,326 (92.4%) were classified as non-
serious. Included among the 518 (7.6%) serious reports were 
35 reports of death: 16 (45.7%) after the Pfizer-BioNTech 
vaccine and 19 (54.3%) after the Moderna vaccine. Decedents 
ranged in age from 25 to 91 years (median = 62 years); 15 
(42.9%) were women. The median interval from vaccination to 
death was 3 days (range = 0–20 days). Among 19 persons whose 
deaths were reported to VAERS after receiving COVID-19 
vaccine, record collection and evaluation are ongoing; for the 
remaining 16 reported deaths, review of death certificates or 
other data indicated underlying heart disease, cancer, stroke, 
probable pulmonary embolism, and otherwise frail health as 
the cause of death.

VAERS Reports Involving LTCF Residents
Among residents of LTCFs who received COVID-19 

vaccine, 150 (2.1%) reports of adverse events were submit-
ted to VAERS, including 88 (58.7%) after receipt of the 
Pfizer-BioNTech vaccine and 62 (41.3%) after receipt of 
the Moderna vaccine. The median vaccine recipient age 
was 83 years (range = 17–104 years), and 92 (61%) reports 
concerned women. Among 122 (81.3%) reports of serious 
adverse events in LTCF residents, 78 (52.0%) deaths have been 
reported and investigated; 42 (53.8%) occurred in residents in 
hospice care or with a do-not-resuscitate status. Death certifi-
cate data were available for 17 (22.0%) deaths; causes of death 
included cardiac disease, dementia, pneumonia, and failure to 
thrive. Nineteen (24.3%) reported deaths are currently await-
ing additional records to establish cause of death. Reported 
deaths occurred 0–20 days after vaccination (median = 2 days).

v-safe Reports
During December 14, 2020–January 13, 2021, v-safe 

enrolled 1,602,065 vaccine recipients who completed at least 
one survey; 814,648 (50.8%) received Pfizer-BioNTech, and 
787,417 (49.2%) received Moderna vaccines. The median 
recipient age was 46 years (range = 16–110 years); 1,106,656 

https://www.cdc.gov/vaccinesafety/pdf/vsafe-pregnancy-surveillance-protocol-508.pdf
https://www.cdc.gov/vaccinesafety/pdf/vsafe-pregnancy-surveillance-protocol-508.pdf
https://covid.cdc.gov/covid-data-tracker/#datatracker-home
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TABLE 1. Reports of adverse events after receipt of Pfizer-BioNTech and Moderna COVID-19 vaccines, by recipients’ demographic characteristics 
and reported symptoms — Vaccine Adverse Event Reporting System, United States, December 14, 2020–January 13, 2021

Characteristic

No. (%) reporting adverse events

All COVID-19 vaccine doses 
(N = 6,994)

Pfizer-BioNTech vaccine
Moderna vaccine 

Dose 1 (N = 1,373)Dose 1 (N = 5,428) Dose 2 (N = 193)

Nonserious adverse event reports 6,354 (90.9) 5,087 (93.7) 152 (78.6) 1,115 (81.2)
Serious adverse event reports*† 640 (9.2) 341 (6.3) 41 (21.2) 258 (18.8)
Sex
Female 5,505 (78.7) 4,296 (79.2) 142 (73.6) 1,067 (77.7)
Male 1,408 (20.1) 1,056 (19.5) 51 (26.4) 301 (21.9)
Unknown 81 (1.2) 76 (1.4) 0 (—) 5 (0.4)
Age group (yrs)
0–17 12 (0.2) 4 (0.1) 0 (—) 8 (0.6)
18–49 4,539 (64.9) 3,568 (65.7) 119 (61.7) 852 (62.1)
50–64 1,772 (25.3) 1,351 (24.9) 51 (26.4) 370 (27.0)
65–74 255 (3.7) 184 (3.4) 11 (5.7) 60 (4.4)
75–84 85 (1.2) 48 (0.9) 5 (2.6) 32 (2.3)
≥85 93 (1.3) 46 (0.9) 4 (2.1) 43 (3.1)
Unknown 238 (3.4) 227 (4.2) 3 (1.6) 8 (0.1)
Most frequently reported symptoms
Headache 1,566 (22.4) 1,184 (21.8) 35 (18.1) 347 (25.3)
Fatigue 1,154 (16.5) 912 (16.8) 14 (7.3) 228 (16.6)
Dizziness 1,151 (16.5) 907 (16.7) 16 (8.3) 228 (16.6)
Chills 1,040 (14.9) 760 (14.0) 19 (9.8) 261 (19.0)
Nausea 1,037 (14,8) 790 (14.6) 18 (9.3) 229 (16.7)

Abbreviation: COVID-19 = coronavirus disease 2019.
* Based on the Code of Federal Regulations, classification of a serious adverse event includes a report of one of the following: death, life-threatening illness, hospitalization 

or prolongation of hospitalization, permanent disability, congenital anomaly, or birth defect. https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr
† Includes 113 deaths.

(69.1%) were women. There were 10,825 (0.68%) enrollees 
who reported that they were pregnant at the time of vaccina-
tion, and 262 (0.02%) reported a positive pregnancy test 
result after vaccination. Solicited local and systemic reactions 
were similar between persons receiving first doses of Pfizer-
BioNTech and Moderna vaccines. Injection site pain, fatigue, 
headache, myalgia, and chills were most frequently reported 
(Figure). Enrollees reported more reactions on the day after 
vaccination than on any other day. For the Pfizer-BioNTech 
vaccine, reactions were more frequent after the second dose 
than the first; the reported rate of fever and chills was more 
than four times higher after the second dose than after the 
first (Table 2).

Discussion

After administration of 13.8 million doses of Pfizer-
BioNTech and Moderna COVID-19 vaccines to the U.S. pop-
ulation during the first month of the vaccination program, the 
postauthorization safety profiles for both vaccines are reassur-
ing. Most (90.9%) VAERS reports were for nonserious events 
and involved local and systemic symptoms; transient local 
and systemic reactions were also frequently reported in v-safe. 
Reports of anaphylaxis have been observed after administration 
of both vaccines (5). The occurrence of anaphylaxis after receipt 
of COVID-19 vaccines during the analytic period, 4.5 cases 

per million doses administered, is within the range reported 
after receipt of inactivated influenza vaccine (1.4 per million), 
pneumococcal polysaccharide vaccine (2.5 per million), and 
live attenuated herpes zoster vaccine (9.6 per million); effective 
treatments for anaphylaxis exist (6).

VAERS received 113 reports of death after COVID-19 
vaccinations; two thirds of these deaths occurred among LTCF 
residents. All-cause mortality is high in LTCF populations 
because underlying medical conditions are common. Based 
on expected rates of background mortality, among the 
approximately 1 million LTCF residents vaccinated in the 
first month of the U.S. COVID-19 vaccination program, 
approximately 7,000 coincidental, temporally associated deaths 
from all causes would be expected during the analytic period 
(7). In contrast, VAERS received 78 reports of death after 
COVID-19 vaccination in LTCF residents, and approximately 
one half were in residents who were in hospice or who had a 
do-not-resuscitate status. Reported causes of death in LTCF 
residents after COVID-19 vaccination are consistent with 
expected all-cause mortality in this population. Among 
deaths in persons with available death certificate and autopsy 
information who were not LTCF residents, causes of death 
were consistent with background all-cause mortality and did 
not indicate any unexpected pattern that might suggest a causal 
relationship with vaccination (8).

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr
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FIGURE. Percentage of enrollees who reported common local and systemic reactions by day after  receipt of the first dose of Pfizer BioNTech 
COVID-19 vaccine (A), second dose of Pfizer BioNTech COVID-19 vaccine (B), and first dose of Moderna COVID-19 vaccine (C) — v-safe, 
United States, December 14, 2020–January 13, 2021
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TABLE 2. Percentage of v-safe enrollees who completed at least one survey (N = 1,602,065) with local and systemic reactions reported for day 0–7 
and for day 1 after receiving Pfizer-BioNTech and Moderna COVID-19 vaccines — v-safe,* United States, December 14, 2020–January 13, 2021

Local and systemic reaction

Percentage of v-safe enrollees reporting reactions

Both vaccines Pfizer-BioNTech vaccine Moderna vaccine

Day 0–7 Dose 1, day 1 Dose 2, day 1 Dose 1, day 1

Injection site pain 70.9 72.9 79.3 78.1
Fatigue 33.5 21.9 53.5 25.1
Headache 29.5 17.5 43.4 19.9
Myalgia 22.9 14.7 47.2 18.3
Chills 11.6 5.5 30.6 8.4
Fever 11.4 5.8 29.2 8.2
Injection site swelling 10.8 6.2 8.6 12.6
Joint pain 10.4 5.3 23.5 7.3
Nausea 8.9 4.2 14.0 5.5

Abbreviation: COVID-19 = coronavirus disease 2019.
* https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/vsafe.html

Findings from v-safe monitoring for both vaccines indicate 
substantial reactogenicity. More reactogenicity was reported 
after the second dose of Pfizer-BioNTech than the first, par-
ticularly on the day after vaccination (data on second dose 
of Moderna vaccine were not available because of later avail-
ability and the dosing interval). These findings are similar to 
those from clinical trials from both manufacturers, in which 
injection site pain, fatigue, headache, and myalgia were most 
frequently reported, with a higher frequency after the second 
dose in comparable age groups (9,10). V-safe’s rapid collection 
of experiences from vaccinated persons provides valuable infor-
mation that health care providers can use to counsel vaccine 
recipients about common reactions and what to expect after 
vaccination.*** V-safe will be able to provide information on 
vaccination during pregnancy through follow-up in the v-safe 
pregnancy registry.

The findings in this report are subject to at least three 
limitations. First, VAERS analyses are based on passive 
surveillance, and reporting biases are possible, both from 
underreporting because of lack of awareness or compliance with 
reporting requirements as well as from stimulated reporting 
related to increased awareness. Second, LTCF residents might 
have been undercounted because the search strategy for 
identifying LTCF residents relied primarily on vaccination 
facility documentation. Because of challenges in distinguishing 
LTCF staff members from LTCF residents aged ≤65 years, 
only serious VAERS reports were reviewed among those aged 
≤65 years who were vaccinated in LTCFs. Finally, v-safe is 
a voluntary self-enrollment program requiring smartphone 
access, and all vaccination locations might not have offered 
equal access to v-safe enrollment materials to vaccine recipients; 
therefore, information from v-safe might not be representative 
or generalizable.

 *** https://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-
considerations.html

Summary
What is already known about this topic?

Two COVID-19 vaccines have received Emergency Use 
Authorization for administration in the United States. In 
preauthorization clinical trials, local and systemic reactions were 
reported; no serious safety problems were detected.

What is added by this report?

Monitoring, conducted as part of the U.S. vaccination program, 
indicates reassuring safety profiles for COVID-19 vaccines. Local 
and systemic reactions were common; rare reports of anaphy-
laxis were received. No unusual or unexpected reporting 
patterns were detected.

What are the implications for public health practice?

Health care providers and vaccine recipients can be reassured 
about the safety of Pfizer BioNTech and Moderna COVID-19 
vaccines. Counseling vaccine recipients to expect transient local 
and systemic reactions might ease concerns and encourage 
completion of the 2-dose vaccination series.

Mass vaccination with highly effective vaccines is critical to 
controlling the COVID-19 pandemic. Because of the speed 
of COVID-19 vaccine development and deployment, there 
have been concerns among the public about the safety of these 
new vaccines. In response to these concerns, the U.S. govern-
ment has implemented the most comprehensive vaccine safety 
monitoring program in its history. Cases of anaphylaxis after 
receipt of both authorized vaccines have been observed, though 
rarely; anaphylaxis rates are comparable with those reported 
after receipt of other vaccines. No unexpected patterns of 
reactions or other safety concerns have been identified during 
early monitoring. CDC and FDA will continue to monitor 
the safety of COVID-19 vaccines to inform vaccination policy 
and to maintain public confidence.

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/vsafe.html
https://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html
https://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html
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Adverse events that occur after COVID-19 vaccination 
should be reported to VAERS. Providers are encouraged to 
promote v-safe enrollment and are required under EUA to 
report to VAERS vaccination administration errors, serious 
adverse events, cases of multisystem inflammatory syndrome, 
and cases of COVID-19 that result in hospitalization or 
death after COVID-19 vaccination.††† These initial findings 
should provide reassurance to health care providers and to 
vaccine recipients and promote confidence in the safety of 
COVID-19 vaccines.
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 1CDC COVID-19 Response Team; 2Food and Drug Administration, Silver 
Spring, Maryland.

All authors have completed and submitted the International 
Committee of Medical Journal Editors form for disclosure of 
potential conflicts of interest. Geoffrey M. Calvert reports owning 
100 shares of Johnson & Johnson stock. No other potential conflicts 
of interest were disclosed.

References
 1. Oliver SE, Gargano JW, Marin M, et al. The Advisory Committee on 

Immunization Practices’ interim recommendation for use of 
Pfizer-BioNTech COVID-19 vaccine—United States, December 2020. 
MMWR Morb Mortal Wkly Rep 2020;69:1922–4. PMID:33332292 
https://doi.org/10.15585/mmwr.mm6950e2

 2. Oliver SE, Gargano JW, Marin M, et al. The Advisory Committee on 
Immunization Practices’ interim recommendation for use of Moderna 
COVID-19 vaccine—United States, December 2020. MMWR Morb 
Mortal Wkly Rep 2021;69:1653–6. PMID:33382675 https://doi.
org/10.15585/mmwr.mm695152e1

 ††† https://vaers.hhs.gov/faq.html

 3. Dooling K, McClung N, Chamberland M, et al. The Advisory 
Committee on Immunization Practices’ interim recommendation for 
allocating initial supplies of COVID-19 vaccine—United States, 2020. 
MMWR Morb Mortal Wkly Rep 2020;69:1857–9. PMID:33301429 
https://doi.org/10.15585/mmwr.mm6949e1

 4. Shimabukuro TT, Nguyen M, Martin D, DeStefano F. Safety monitoring 
in the Vaccine Adverse Event Reporting System (VAERS). Vaccine 
2015;33:4398–405. PMID:26209838 https://doi.org/10.1016/j.
vaccine.2015.07.035

 5. Shimabukuro TT, Cole M, Su JR. Reports of anaphylaxis of mRNA 
COVID-19—United States, December 14, 2020–January 18, 2021. 
JAMA 2021. Epub February 12, 2021. https://doi.org/10.1001/
jama.2021.1967

 6. McNeil MM, Weintraub ES, Duffy J, et al. Risk of anaphylaxis after 
vaccination in children and adults. J Allergy Clin Immunol 
2016;137:868–78. PMID:26452420 https://doi.org/10.1016/j.
jaci.2015.07.048

 7. Thomas KS, Ogarek JA, Teno JM, Gozalo PL, Mor V. Development 
and validation of the nursing home minimum data set 3.0 mortality risk 
score (MRS3). J Gerontol A Biol Sci Med Sci 2019;74:219–25. 
PMID:29514187 https://doi.org/10.1093/gerona/gly044

 8. National Center for Health Statistics. Deaths: leading causes for 2017. 
Atlanta, GA: US Department of Health and Human Services, CDC, 
National Center for Health Statistics; 2020. https://www.cdc.gov/nchs/
data/nvsr/nvsr68/nvsr68_06-508.pdf

 9. Food and Drug Administration. Fact sheet for healthcare providers 
administering vaccine (vaccination providers): Emergency Use 
Authorization (EUA) of the Pfizer-BioNTech COVID-19 vaccine to 
prevent coronavirus disease 2019 (COVID-19). Silver Spring, MD: 
US Department of Health and Human Services, Food and Drug 
Administration; 2021. https://www.fda.gov/media/144413/download

 10. Food and Drug Administration. Fact sheet for healthcare providers 
administering vaccine (vaccination providers) Emergency Use 
Authorization (EUA) of the Moderna COVID-19 vaccine to prevent 
coronavirus disease 2019 (COVID-19). Silver Spring, MD: 
US Department of Health and Human Services, Food and Drug 
Administration; 2020. https://www.fda.gov/media/144637/download

Readers who have difficulty accessing this PDF file may access the HTML file at https://www.cdc.gov/mmwr/volumes/70/wr/mm7008e3.
htm?s_cid=mm7008e3_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.   

mailto:jgee@cdc.gov
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33332292&dopt=Abstract
https://doi.org/10.15585/mmwr.mm6950e2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33382675&dopt=Abstract
https://doi.org/10.15585/mmwr.mm695152e1
https://doi.org/10.15585/mmwr.mm695152e1
https://vaers.hhs.gov/faq.html
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33301429&dopt=Abstract
https://doi.org/10.15585/mmwr.mm6949e1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26209838&dopt=Abstract
https://doi.org/10.1016/j.vaccine.2015.07.035
https://doi.org/10.1016/j.vaccine.2015.07.035
https://doi.org/10.1001/jama.2021.1967
https://doi.org/10.1001/jama.2021.1967
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26452420&dopt=Abstract
https://doi.org/10.1016/j.jaci.2015.07.048
https://doi.org/10.1016/j.jaci.2015.07.048
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29514187&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29514187&dopt=Abstract
https://doi.org/10.1093/gerona/gly044
https://www.cdc.gov/nchs/data/nvsr/nvsr68/nvsr68_06-508.pdf
https://www.cdc.gov/nchs/data/nvsr/nvsr68/nvsr68_06-508.pdf
https://www.fda.gov/media/144413/download
https://www.fda.gov/media/144637/download
https://www.cdc.gov/mmwr/volumes/70/wr/mm7008e3.htm?s_cid=mm7008e3_w
https://www.cdc.gov/mmwr/volumes/70/wr/mm7008e3.htm?s_cid=mm7008e3_w
mailto:mmwrq@cdc.gov



