
In December 2020, the US Food and Drug Admin-
istration (FDA) issued Emergency Use Authoriza-

tions (EUAs) for the Pfizer BioNTech (https://www.
pfizer.com) and Moderna (https://www.modernatx.
com) 2-dose primary mRNA COVID-19 vaccine series 

(1,2). The Centers for Disease Control and Prevention 
(CDC) Advisory Committee on Immunization Prac-
tices, part of the National Center for Immunization 
and Respiratory Diseases, prioritized certain popu-
lations to be offered the COVID-19 vaccination first, 
including healthcare personnel, long-term care facil-
ity residents, persons >65 years of age, persons 16–64 
years of age with high-risk medical conditions, and 
essential workers (3). Starting in March 2021, Pfizer-
BioNTech and Moderna COVID-19 vaccines have 
been available at pharmacies and from other medical 
practice providers for anyone >16 years of age. In the 
1-year period of this analysis, the recommended in-
tervals between the 2 primary doses were 21 days for 
the Pfizer-BioNTech vaccine and 28 days for the Mod-
erna vaccine (4). On May 10, 2021, FDA expanded the 
EUA for the Pfizer COVID-19 vaccine to include per-
sons 12–15 years of age (5). During August–Novem-
ber 2021, FDA approved a series of EUAs: 1 for an 
additional primary dose for immunocompromised 
persons and 1 for a booster dose for persons >18 years 
of age (6).

In the summer of 2021, one of every 10 US per-
sons received the first dose of an mRNA COVID-19 
vaccine, ≈15 million still had not received the second 
dose, and many more had received the second dose 
outside the recommended intervals between doses 
(7). Persons who start the primary series are presum-
ably amenable to initial vaccination but may then 
either delay completing or may fail to complete the 
series. Delayed or missed recommended COVID-19 
vaccine doses can hamper national efforts to reduce 
COVID-19–associated illness, hospitalization, and 
death (8–10). More information about this population 
is valuable for addressing second-dose vaccination 
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To identify demographic factors associated with delay-
ing or not receiving a second dose of the 2-dose primary 
mRNA COVID-19 vaccine series, we matched 323 mil-
lion single Pfizer-BioNTech (https://www.pfizer.com) and 
Moderna (https://www.modernatx.com) COVID-19 vac-
cine administration records from 2021 and determined 
whether second doses were delayed or missed. We used 
2 sets of logistic regression models to examine associat-
ed factors. Overall, 87.3% of recipients received a timely 
second dose (≤42 days between first and second dose), 
3.4% received a delayed second dose (>42 days be-
tween first and second dose), and 9.4% missed the sec-
ond dose. Persons more likely to have delayed or missed 
the second dose belonged to several racial/ethnic minor-
ity groups, were 18–39 years of age, lived in more so-
cially vulnerable areas, and lived in regions other than the 
northeastern United States. Logistic regression models 
identified specific subgroups for providing outreach and 
encouragement to receive subsequent doses on time.
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barriers and devising interventions to increase pri-
mary series completion.

To support nationwide COVID-19 immunization 
efforts, we performed an analysis to identify demo-
graphic factors associated with receiving 1 dose of the 
2-dose primary mRNA vaccine series but delaying the 
second dose or not completing the series. The study 
was reviewed by CDC and conducted consistent with 
applicable federal law and CDC policy.

Methods
We analyzed COVID-19 mRNA vaccine administra-
tion data among persons >12 years of age in the Unit-
ed States during December 14, 2020–December 31, 
2021. US COVID-19 vaccine administration data are 
reported from jurisdictions, pharmacies, and federal 
entities to CDC via immunization information sys-
tems, the CDC Vaccine Administration Management 
System, or direct data submission (11). De-identified 
vaccination records from Idaho were reported for 
persons >18 years of age; all other states, excluding 
Texas, and the District of Columbia reported vacci-
nation records for persons >12 years of age. For this 
analysis, so that all persons who had received a first 
dose had sufficient time to receive a second dose 
within a conventionally permissible time frame, we 
included in our analysis all persons >12 years of 
age who received a first dose of an mRNA vaccine 
on or before September 30, 2021, which would allow 
>3 months (October 1, 2021–December 31, 2021) af-
ter a first dose to have received a second dose. We 
matched de-identified first- and second-dose records 
according to a unique recipient number (not associat-
ed with recipients’ personally identified information) 
assigned by the reporting entity and an 8-12–digit re-
porting source code. For each recipient, we calculated 
the number of days between the first and second dos-
es. To enable scheduling considerations and other un-
intended or systematic delays, we defined receipt of 
a timely second dose as a second dose administered 
<42 days after the first dose. We defined a delayed 
second dose as a second dose administered >42 days 
after the first dose. Although data on the efficacy of 
second mRNA COVID-19 vaccine doses administered 
beyond this window are limited, we chose a cutoff of 
42 days because that has been the limit of days be-
tween doses conventionally considered permissible 
when a delay is unavoidable (4). We defined a missed 
second dose as receipt of the first dose but not having 
a matching second dose on record. We excluded from 
analysis persons whose records indicated that the sec-
ond dose was administered earlier than the vaccine 
brand–specific recommended dosing interval, with a 

4-day grace period, which for this study we defined 
as 17 days (Pfizer-BioNTech) and 24 days (Moderna). 
We included recipients of both mRNA vaccine brands 
(e.g., first dose Pfizer-BioNTech and second dose 
Moderna vaccine). We determined second-dose tim-
ing according to brand of the first-dose vaccine.

On the basis of the inclusion criteria and defi-
nitions, we attempted to match 323 million mRNA 
COVID-19 vaccine administration records reported 
to CDC as doses having been administered during 
December 14, 2020–December 31, 2021, including 
170,865,184 first-dose records issued by September 
30, 2021, and 153,791,171 second-dose records issued 
by December 31, 2021. We excluded 15,017,733 (8.8%) 
records for which county of residence was missing. 
We built logistic regression models to examine so-
ciodemographic factors associated with a delayed 
second dose (model 1) or a missed second dose (mod-
el 2) (Figure 1).

Dependent Variables
In model 1, recipients whose second dose was de-
layed were classified as 1 and recipients who received 
a timely second dose were classified as 0. Recipients 
who did not receive a second dose were excluded 
from this model.

In model 2, recipients who did not receive a sec-
ond dose were classified as 1 and recipients who re-
ceived a timely second dose were classified as 0. Re-
cipients who received a delayed second dose were 
excluded from this model.

Independent Variables
We included in the model the fundamental demo-
graphic information reported to CDC in the vaccine 
administration records, including recipient’s age, 
sex, race/ethnicity, and postal code. In addition, we 
derived the CDC/Agency for Toxic Substances and 
Disease Registry Social Vulnerability Index (SVI) 
scores and the CDC Urban-Rural Classification scores 
from vaccination records according to the recipient’s 
county of residence (12,13). We generated urban-
rural classification and SVI score tertiles of county 
of residence (low, medium, high) for each record. 
Higher SVI scores indicated counties that were more 
socially vulnerable. Independent variables for the 2 
logistic regression models included first-dose vac-
cine type (Pfizer-BioNTech, Moderna), age group 
(12–17, 18–39, 40–64, >65 years), sex (male, female), 
race/ethnicity (Hispanic, non-Hispanic Asian/Other 
Pacific Islander, non-Hispanic Black, non-Hispanic 
White, non-Hispanic American Indian/Alaska Na-
tive, other/unknown), US region of residence (South, 

1634 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 8, August 2022



Delayed or Missed Second COVID-19 Vaccination

Midwest, Mountain, Pacific, Northeast, Noncontigu-
ous [Figure 2]), SVI tertile of county of residence (low, 
medium, high), and urbanicity (metro, nonmetro). In 
our results, racial/ethnic groups are reported as His-
panic, Asian, Black, White, American Indian/Alaska 
Native, and other/unknown.

We based odds ratio (OR) and 95% CI calcula-
tions on regression estimates and performed descrip-
tive analyses for all input variables. We included in 
this study factors for which OR was >1.150 or <0.850. 
All analyses were conducted in the cloud-based data 
platform Microsoft Azure DataBricks (https://azure.
microsoft.com/en-us/services/databricks).

Results
In total, we attempted to match 155,847,451 records 
of first-dose mRNA vaccine receipt containing re-
cipient’s county of residence (91.2% of the total 
170,865,184 first-dose records) to records of second-
dose mRNA vaccine receipt. We merged those re-
cords with SVI and urbanicity variables and included 
them in the descriptive analyses and multivariable  

logistic regression models. Of the 155,847,451 first-
dose mRNA vaccination records, matching indicated 
that 135,979,226 (87.3%) persons received a timely 
second dose and that 5,224,993 (3.4%) received a de-
layed second dose; 14,643,232 (9.4%) first-dose re-
cords lacked a matched second-dose record and the 
first-dose recipients were considered to have missed 
the second dose (Table 1). Of all first-dose recipients, 
41.9% were White, 11.3% were Hispanic, 7.2% were 
Black, 4.4% were Asian, 0.7% were American Indian/
Alaska Native, and 34.5% were of other/unknown 
race/ethnicity. Of all recipients, 46.2% were male, 
and mean (±SD) age was 48.0  (±20.3) years.

Model 1 of the 2 logistic regression models (Table 
2) shows the results of the logistic regression model 
examining factors associated with a delayed second 
dose, conditional on receiving a second dose. Model 1 
analyzed a total of 141,204,219 matched first- and sec-
ond-dose pairs; of those, 135,979,226 (96.3%) first-dose 
recipients received a timely second dose and 5,224,993 
(3.7%) received a delayed second dose. Compared 
with initial Pfizer-BioNTech vaccine recipients, initial 
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Figure 1. Logistic regression models built to examine sociodemographic factors associated with missed or delayed second doses 
in primary series of mRNA COVID vaccination among persons >12 years of age, United States. The table at the top includes all 
records from initial query that met the inclusion criteria. The lower 2 sub-tables provide the number of records included in each of the 2 
multivariable logistic regression models. Pfizer-BioNTech, https://www.pfizer.com; Moderna, https://www.modernatx.com.
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Moderna vaccine recipients were more likely to have 
received a delayed second dose (OR 1.267, 95% CI 
1.265–1.270). Recipients 18–39 years of age were more 
likely to have received a delayed second dose com-
pared with recipients 12–17 years of age (OR 0.763, 
95% CI 0.759–0.766). Compared with recipients who 
resided in low SVI tertile counties, those in high SVI 
tertile counties were more likely to have received a 
delayed second dose (OR 1.198, 95% CI 1.196–1.201). 
Compared with White recipients, delayed receipt of 
a second dose was more likely among American In-
dian/Alaska Native (OR 1.508, 95% CI 1.494–1.522), 
Black (OR 1.310, 95% CI 1.305–1.314), and Hispanic 
(OR 1.172, 95% CI 1.168–1.175) persons. Compared 
with recipients who resided in counties in the North-
east, delayed receipt of a second dose was more likely 
among persons who resided in counties in the South 
(OR 1.425, 95% CI 1.421–1.429), Pacific (OR 1.507, 95% 
CI 1.503,1.512), Noncontiguous (OR 1.886, 95% CI 
1.863–1.909), and Mountain (OR 1.648, 95% CI 1.641–
1.655) regions.

Model 2 of the 2 logistic regression models (Table 
2) shows the result of the model examining factors 
associated with a missed second dose. Model 2 ana-
lyzed a total of 150,622,458 first-dose records; of these, 
135,979,226 (90.3%) first-doses recipients receieved a 
timely second dose and 14,643,232 (9.7%) missed the 
second dose. First-dose recipients 18–39 years of age 
were more likely to have missed the second dose 
compared with those 40–64 (OR 0.740, 95% CI 0.739–
0.741) and >65 (OR 0.743, 95% CI 0.742–0.744) years of 
age. Compared with first-dose recipients who resided 
in counties in the low SVI tertile, the second dose was 
more likely to have been missed by persons in medium 

(OR 1.297, 95% CI 1.295–1.299) and high SVI tertile 
counties (OR 1.168, 95% CI 1.166–1.170). Compared 
with White first-dose recipients, the second dose was 
more likely to have been missed by American Indian/
Alaska Native (OR 2.760, 95% CI 2.746–2.774), Black 
(OR 1.377, 95% CI 1.373–1.380), Hispanic (OR 1.751, 
95% CI 1.748–1.754) recipients, and those of other or 
unknown race (OR 1.487, 95% CI 1.485–1.489). Com-
pared with first-dose recipients who resided in coun-
ties in the Northeast, the second dose was more likely 
to have been missed by persons who resided in coun-
ties in the Pacific (OR 1.566, 95% CI 1.563–1.568), Non-
contiguous (OR 3.038, 95% CI 3.020–3.056), and South 
(OR 1.319, 95% CI 1.317–1.322) regions.

Discussion
By building models based on millions of US vac-

cination records to analyze sociodemographic factors 
associated with delayed or missed second doses in a 
2-dose primary mRNA COVID-19 vaccine series, we 
identified population subgroups that might benefit 
from targeted interventions aimed at encouraging 
timely receipt of a second dose and at increasing ac-
cess and demand for a booster dose. Findings from 
this study (Table 1) align with previous US reports 
that nearly 1 in 10 persons who began a 2-dose CO-
VID-19 mRNA vaccination series had not received a 
second dose (7).

Compared with first-dose recipients 18–39 years 
of age, recipients 40–64 and >65 years of age were less 
likely to have missed a second dose. Persons in older 
age groups had more time to complete their primary 
series, given the prioritization when COVID-19 vac-
cine first became available. Older adults also are at 
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Figure 2. States in each 
region used in study of factors 
associated with delayed or 
missed second-dose mRNA 
COVID-19 vaccination among 
persons >12 years of age, 
United States.
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higher risk for severe COVID-19 illness and may have 
been more motivated to become fully vaccinated 
(14,15). Compared with persons 18–39 years of age, 
persons 12–17 years of age were less likely to have re-
ceived a delayed second dose. On May 10, 2021, EUA 
was granted for COVID-19 vaccine use in persons 12–
15 years of age, and peak adolescent vaccination rates 
were observed during summer 2021, immediately be-
fore the start of the 2021–22 school year (16,17). Lower 
rates of delayed second-dose vaccine receipt by those 
12–17 years of age may have partially resulted from 
parent and child desire to return to in-person learning 
and from vaccination encouragement by or mandates 
from schools (18–20).

In our analyses, receipt of the second vaccine dose 
was more likely to have been delayed by initial Mod-
erna vaccine recipients than by initial Pfizer-BioNTech 
recipients. In the context of our analysis, given the 
shorter recommendation period for the second dose 
of Pfizer-BioNTech vaccine, the definition of delayed 

second dose (>42 days) gave Pfizer recipients a win-
dow of 7 more days (beyond the vaccine-specific rec-
ommended dosing interval) than Moderna recipients 
to complete a second dose, which might contribute to 
the result. Previous studies suggested that Moderna 
recipients were more likely to have experienced side 
effects (especially after the second dose) than were 
Pfizer-BioNTech recipients (21,22). Fear of side effects 
may also have contributed to the higher percentage of 
delayed second doses among Moderna recipients (23).

When compared with first-dose recipients who 
were White, members of several racial/ethnic mi-
nority groups were more likely to have delayed or 
missed the second dose, including Hispanic, Black, 
and American Indian/Alaska Native; this finding is 
consistent with reports from other studies that up-
take of COVID-19 vaccination and other vaccinations 
was lower among members of these minority groups 
(24–26). Many factors may contribute to this dispar-
ity. Poverty rates are higher among Black (19.5%) and 
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Table 1. Timing of second dose of a 2-dose primary mRNA COVID-19 vaccine series, by sociodemographic factors, United States, 
December 14, 2020–December 31, 2021* 

Variable 
Second dose timing, no. (%) 

Total, no. (%) Timely† Delayed‡ Missed§ 
Total 135,979,226 (87.25) 5,224,993 (3.35) 14,643,23 (9.40) 155,847,451 
Vaccine type, dose 1 

    

 Moderna 53,478,853 (87.04) 2,384,368 (3.88) 5,577,569 (9.08) 61,440,790 
 Pfizer-BioNTech 82,500,373 (87.39) 2,840,625 (3.01) 9,065,663 (9.60) 94,406,661 
Age group, y 

    

 12–17 9,762,549 (86.60) 280,348 (2.49) 1,230,395 (10.91) 11,273,292 
 18–39 39,414,160 (85.13) 1,621,400 (3.50) 5,264,452 (11.37) 46,300,012 
 40–64 52,589,787 (88.27) 1,934,658 (3.25) 5,053,236 (8.48) 59,577,681 
 >65 34,212,730 (88.41) 1,388,587 (3.59) 3,095,149 (8.00) 38,696,466 
Sex 

    

 M 62,548,887 (86.85) 2,393,426 (3.32) 7,076,540 (9.83) 72,018,853 
 F 73,430,339 (87.60) 2,831,567 (3.38) 7,566,692 (9.03) 83,828,598 
Urbanicity 

    

 Metro 120,443,535 (87.14) 4,633,895 (3.35) 13,145,421 (9.51) 138,222,851 
 Nonmetro 15,535,691 (88.15) 591,098 (3.35) 1,497,811 (8.50) 17,624,600 
Social Vulnerability Index (12) 

    

 High 41,938,563 (85.92) 1,873,526 (3.84) 5,003,810 (10.25) 48,815,899 
 Medium 54,681,094 (86.36) 2,090,878 (3.30) 6,544,599 (10.34) 63,316,571 
 Low 39,359,569 (90.04) 1,260,589 (2.88) 3,094,823 (7.08) 43,714,981 
Race/ethnicity 

    

 Hispanic 14,678,149 (83.38) 622,364 (3.54) 2,302,543 (13.08) 17,603,056 
 Black 9,711,675 (86.24) 446,893 (3.97) 1,102,700 (9.79) 11,261,268 
 American Indian/Alaska Native 860,111 (75.91) 54,520 (4.81) 218,355 (19.27) 1,132,986 
 Asian/OPI 6,047,962 (88.09) 210,615 (3.07) 607,609 (8.85) 6,866,186 
 White 58,829,793 (90.17) 1,972,730 (3.02) 4,445,116 (6.81) 65,247,639 
 Other/unknown 45,851,536 (85.33) 1,917,871 (3.57) 5,966,909 (11.10) 53,736,316 
Region 

    

 South 41,188,846 (86.15) 1,775,680 (3.71) 4,844,461 (10.13) 47,808,987 
 Midwest 28,738,970 (91.57) 811,360 (2.59) 1,832,846 (5.84) 31,383,176 
 Mountain 11,446,355 (86.39) 574,949 (4.34) 1,227,706 (9.27) 13,249,010 
 Pacific 27,077,135 (83.19) 1,254,754 (3.86) 4,216,649 (12.95) 32,548,538 
 Noncontiguous 517,084 (74.17) 28,439 (4.08) 151,668 (21.75) 697,191 
 Northeast 27,010,836 (89.56) 779,811 (2.59) 2,369,902 (7.86) 30,160,549 
*Pfizer-BioNTech, https://www.pfizer.com; Moderna, https://www.modernatx.com. OPI, other Pacific Islander. 
†Second dose administered <42 d after first dose. 
‡Second dose administered >42 d after second dose. 
§Received the first dose but no matching second dose on record. 
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Hispanic (17.0%) than among White (8.2%) persons 
(27). Lower-income persons may be concerned about 
taking time off work to get vaccinated and to recuper-
ate should they experience side effects (28,29). In ad-
dition, this racial/ethnic disparity may in part reflect 
vaccine access barriers for getting a timely second 
dose among Black and Hispanic persons (30). In com-
parison, Asian first-dose recipients were more likely 
to receive a timely second dose, which may reflect 
lower vaccine hesitancy observed among this group 
(24). These observations all highlight the value of 
knowing which barriers prevent timely second-dose 
completion for racial/ethnic minority recipients.

Delayed or missed second doses were less likely 
among those who reside in low SVI tertile counties 
than among those who reside in high SVI tertile coun-
ties. SVI comprises 4 themes (socioeconomic status, 
household composition and disability, minority status 
and language, and housing and transportation) con-

structed by using 15 social and environmental vari-
ables from the US Census (13). Lower SVI scores in-
dicate that an area is less socially vulnerable. Previous 
research found that COVID-19 vaccine coverage was 
lower in rural counties than in urban counties (31). 
Residents of communities within more socially vulner-
able areas may have more barriers to accessing vacci-
nation providers, including limited transportation op-
tions, higher disability, and reduced ability to seek out 
or engage with vaccine providers (32,33). Technologic 
disparities and reduced health literacy resulting from 
language and education barriers could contribute to 
the finding that those able to receive a first dose missed 
or delayed receipt of their second dose, especially if 
challenges involved accessing information regarding 
vaccine availability or scheduling a second dose within 
the appropriate time interval (34).

Recipients who resided in counties in the North-
east region were more likely than recipients in other 
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Table 2. Logistic regression models examining sociodemographic factors associated with delayed or missed second dose of a 2-dose 
primary mRNA COVID-19 vaccine series, United States, December 14, 2020–December 31, 2021* 

Variable 

Model 1 

 

Model 2 
Delayed second dose,† n = 141,204,219 Missed second dose,‡ n = 155,847,451 
Coefficient 
estimate OR (95% CI) 

Coefficient 
estimate OR (95% CI) 

Vaccine type, dose 1      
 Moderna 0.237 1.267 (1.265–1.270)§  −0.012 0.988 (0.987–0.989) 
 Pfizer-BioNTech Referent   Referent 

 

Age group,y    
  

 12–17 −0.271 0.763 (0.759–(0.766)§  −0.064 0.938 (0.936–0.940) 
 40–64 −0.112 0.894 (0.892–0.896)  −0.301 0.740 (0.739–0.741)§ 
 >65 −0.008 0.992 (0.990–0.995)  −0.298 0.743 (0.741–0.744)§ 
 18–39 Referent   Referent  
Sex      
 F 0.006 1.006 (1.004–1.008)  −0.082 0.922 (0.921–0.923) 
 M Referent   Referent 

 

Urbanicity    
  

 Metro 0.048 1.049 (1.046–1.052)  −0.038 0.963 (0.961–0.965) 
 Nonmetro Referent   Referent 

 

Social Vulnerability Index (12)    
  

 High 0.181 1.198 (1.196–1.201)§  0.155 1.168 (1.166–1.170)§ 
 Medium 0.092 1.096 (1.094–1.099)  0.260 1.297 (1.295–1.299)§ 
 Low Referent   Referent 

 

Race/ethnicity    
  

 Hispanic 0.159 1.172 (1.168–1.175)§  0.560 1.751 (1.748–1.754)§ 
 Black 0.270 1.310 (1.305–1.314)§  0.320 1.377 (1.373–1.380)§ 
 American Indian/Alaska Native 0.411 1.508 (1.494–1.522)§  1.015 2.760 (2.746–2.774)§ 
 Asian/OPI 0.010 1.010 (1.005–1.015  0.128 1.137 (1.134–1.140) 
 Other/unknown 0.117 1.124 (1.122–1.127)  0.397 1.487 (1.485–1.489)§ 
 White Referent   Referent 

 

Region    
  

 South 0.354 1.425 (1.421–1.429)§  0.277 1.319 (1.317–1.322)§ 
 Midwest −0.007 0.993 (0.990–0.996)  −0.246 0.782 (0.780–0.783) § 
 Mountain 0.499 1.648 (1.641–1.655)§  0.070 1.072 (1.069–1.075) 
 Pacific 0.410 1.507 (1.503–1.512)§  0.448 1.566 (1.563–1.568)§ 
 Noncontiguous 0.634 1.886 (1.863–1.909)§  1.111 3.038 (3.020–3.056)§ 
 Northeast Referent   Referent 

 

*Pfizer-BioNTech, https://www.pfizer.com; Moderna, https://www.modernatx.com. OPI, Other Pacific Islander; OR, odds ratio. 
†Second dose administered >42 d after first dose. This model examins factors associated with a delayed second dose, conditional on receiving a second 
dose. 
‡Received the first dose but no matching second dose on record. 
§Factors with OR >1.150 or <0.850. 
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regions to receive a timely second dose and less likely 
to miss their second dose. The Northeast region has 
reported the highest vaccination coverage since vac-
cine availability, which may in part reflect the fact that 
this region has the highest per capita income and the 
lowest percentage of uninsured persons, both of which 
have been correlated with vaccination coverage (35). 
The population in the Northeast region is also older 
and has more college graduates, which are 2 popu-
lation characteristics associated with lower vaccine 
hesitancy and higher COVID-19 vaccination cover-
age (36,37). In addition, compared with other US re-
gions, Northeast jurisdictions promoted vaccinations 
at different administrative levels (e.g., local or state), 
including vaccine mandates and proof-of-vaccination 
requirements for indoor dining, indoor entertainment 
venues, and large gatherings (38,39). Such policies and 
cultural norms may also have contributed to popula-
tions receiving their second vaccine dose on time.

First among the limitations of our study, a small 
percentage of records submitted to CDC lacked recipi-
ents’ county of residence information (8.8%), which 
in some states contributed to the loss of sample size 
for generation of SVI and urbanicity measures. Race/
ethnicity data were missing on 30% of records, which 
may affect the accuracy of findings related to race/eth-
nicity. Race/ethnicity information is not a customary 
unit of data gathered when arranging vaccination ap-
pointments, unlike age (date of birth) or sex. Missing 
race/ethnicity data result in part from data-reporting 
limitations in some counties and states and from in-
complete data collection/reporting at the beginning 
of vaccine rollout. Second, in our analysis, identifying 
second-dose recipients depended on the link between 
vaccination records in jurisdiction-specific immuniza-
tion information systems. Persons who received a sec-
ond dose in a different jurisdiction from that of their 
first dose or for whom we were unable to match first 
and second primary series doses could not be repre-
sented accurately in these results. Third, persons who 
received the first dose in the fall of 2021 (e.g., Septem-
ber) had fewer months in which to receive their second 
dose and be matched than did those who received their 
first dose early in 2021 (because of our cutoff of Decem-
ber 31, 2021). Thus, we would not have captured any 
delayed second doses for those who received their sec-
ond dose in 2022 (i.e., after the cutoff); this population 
would have been defined as having missed the second 
dose and was included in the model examining risk 
factors associated with having missed the second dose. 
Fourth, characteristics other than the sociodemograph-
ic factors that we analyzed could have been associated 
with series completion.

Because vaccine effectiveness against infection 
and hospitalization has been found to be higher with 
an extended (6–8-week) interval than with a standard 
(3–4-week) interval (40), CDC provided guidance in 
March 2022 that an 8-week interval might be optimal 
for some persons, especially for men and boys 12–39 
years of age (41). Future studies of delayed second-
dose completion of the mRNA primary series should 
consider that newer recommended intervals between 
first and second doses may be longer than the inter-
vals that we considered here.

Our study highlights demographic factors as-
sociated with delayed or missed second doses in 
the 2-dose primary series of mRNA COVID-19 vac-
cine in the United States and identifies population 
subgroups that may benefit from outreach and en-
couragement to receive subsequent doses on time. 
Second doses were more likely to be delayed or 
missed for members of several racial/ethnic minor-
ity groups, persons <40 years of age, persons living 
in more socially vulnerable or nonmetro areas, and 
persons living in regions other than the Northeast. 
Interventions and efforts addressing social and 
health inequalities and promoting vaccine-related 
policies can potentially increase access and de-
mand for COVID-19 vaccine and improve subse-
quent dose completion.

Acknowledgments
We thank the COVID-19 Vaccine Task Force, the US 
Department of Defense, immunization program managers, 
immunization information system managers, and other 
staff members of the immunization programs in the 64 ju-
risdictions and 5 federal entities who provided these data.

About the Author
Dr. Meng, with CDC’s National Center for Immunization 
and Respiratory Diseases, has served as data science  
advisor/manager for the CDC COVID-19 response for 
the past 2 years, including on the Vaccine Task Force, 
the Health Systems & Worker Safety Task Force, and the 
Data, Analytics & Visualization Task Force. Her primary 
research interest is the use of big data and modeling to 
understand factors associated with vaccine uptake and 
coverage and vaccination intent.

References
  1. Oliver SE, Gargano JW, Marin M, Wallace M, Curran KG, 

Chamberland 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. https://doi.org/10.15585/mmwr.mm6950e2

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 8, August 2022 1639



RESEARCH

  2. Oliver SE, Gargano JW, Marin M, Wallace M, Curran KG, 
Chamberland 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.  
https://doi.org/10.15585/mmwr.mm695152e1

  3. Dooling K, Marin M, Wallace M, McClung N,  
Chamberland M, Lee GM, et al. The Advisory Committee on 
Immunization Practices’ updated interim recommendation 
for allocation of COVID-19 vaccine–UnitedStates,  
December 2020. MMWR Morb Mortal Wkly Rep. 2021 
;69:1657–60. https://doi.org/10.15585/mmwr.mm695152e2

  4. Kriss JL, Reynolds LE, Wang A, Stokley S, Cole MM,  
Harris LQ, et al.; CDC COVID-19 Vaccine Task Force.  
COVID-19 vaccine second-dose completion and interval 
between first and second doses among vaccinated  
persons—United States, December 14, 2020–February 14, 
2021. MMWR Morb Mortal Wkly Rep. 2021;70:389–95.  
https://doi.org/10.15585/mmwr.mm7011e2

  5. Wallace M, Woodworth KR, Gargano JW, Scobie HM,  
Blain AE, Moulia D, et al. The Advisory Committee on  
Immunization Practices’ interim recommendation for use of 
Pfizer-BioNTech COVID-19 vaccine in adolescents 
aged 12–15 years–United States, May 2021. MMWR Morb 
Mortal Wkly Rep. 2021;70:749–52. https://doi.org/ 
10.15585/”mmwr.mm7020e1

  6. Fast HE, Zell E, Murthy BP, Murthy N, Meng L, 
Scharf LG, et al. Booster and additional primary dose  
COVID-19 vaccinations among adults aged >65 years—
United States, August 13, 2021–November 19, 2021. MMWR 
Morb Mortal Wkly Rep. 2021;70:1735–9. https://doi.org/ 
10.15585/mmwr.mm7050e2

  7. Anders C. 15 million people in the U.S. have missed 
their second dose of the coronavirus vaccine, CDC says 
[cited 2022 Jan 30]. https://www.washingtonpost.com/
health/2021/07/02/missed-second-dose-covid19-vaccine

  8. Bradley T, Grundberg E, Selvarangan R, LeMaster C,  
Fraley E, Banerjee D, et al. Antibody responses after a 
single dose of SARS-CoV-2 mRNA vaccine. N Engl J Med. 
2021;384:1959–61. https://doi.org/10.1056/NEJMc2102051

  9. Bar-On YM, Goldberg Y, Mandel M, Bodenheimer O, 
Freedman L, Kalkstein N, et al. Protection of BNT162b2 
vaccine booster against Covid-19 in Israel. N Engl J Med. 
2021;385:1393–400. https://doi.org/10.1056/NEJMoa2114255

10. Doria-Rose N, Suthar MS, Makowski M, O’Connell S, 
McDermott AB, Flach B, et al. mRNA-1273 Study Group. 
Antibody persistence through 6 months after the second 
dose of mRNA-1273 vaccine for Covid-19. N Engl J Med. 
2021;384:2259–61. https://doi.org/10.1056/NEJMc2103916

11. Centers for Disease Control and Prevention. Vaccine  
Administration Management System (VAMS) program  
information [cited 2022 Jan 30]. https://www.cdc.gov/ 
vaccines/covid-19/reporting/vams/program-information.html

12. Agency for Toxic Substances and Disease Registry.  
CDC/ATSDR Social Vulnerability Index [cited 2022 Jan 30]. 
https://www.atsdr.cdc.gov/placeandhealth/svi/index.html

13. Centers for Disease Control and Prevention. NCHS  
urban-rural classification scheme for counties [cited 2022  
Jan 30]. https://www.cdc.gov/nchs/data_access/ 
urban_rural.htm#2013_urban-rural_classification_scheme_
for_counties

14. Barek MA, Aziz MA, Islam MS. Impact of age, sex,  
comorbidities and clinical symptoms on the severity of 
COVID-19 cases: a meta-analysis with 55 studies and 10014 
cases. Heliyon. 2020;6:e05684. https://doi.org/10.1016/ 
j.heliyon.2020.e05684

15. Centers for Disease Control and Prevention. COVID-19 risks 
and vaccine information for older adults [cited 2021 Aug 4]. 
https://www.cdc.gov/aging/covid19/covid19-older- 
adults.html

16. Kates J, Michaud J, Tolbert J, Artiga S, Orgera K; Kaiser  
Family Foundation. KFF COVID-19 Vaccine Monitor: winter 
2021 update on parents’ views of vaccines for kids [cited 2022 
Jan 30]. https://www.kff.org/coronavirus-covid-19/poll-
finding/kff-covid-19-vaccine-monitor-winter-2021-update-
on-parents-views-of-vaccines

17. Murthy BP, Zell E, Saelee R, Murthy N, Meng L, Meador S,  
et al. COVID-19 vaccination coverage among adolescents 
aged 12–17 years—United States, December 14, 2020–July 
31, 2021. MMWR Morb Mortal Wkly Rep. 2021;70:1206–13. 
https://doi.org/10.15585/mmwr.mm7035e1

18. Camera L. Survey shows parents clamoring for in-person 
learning despite spike in COVID-19 cases [cited 2022 Mar 
4]. https://www.usnews.com/news/education-news/
articles/2021-08-18/survey-shows-parents-clamoring-for- 
in-person-learning-despite-spike-in-covid-19-cases

19. Goldstein D. Los Angeles mandates vaccines for students 
12 and older [cited 2022 Mar 4]. https://www.nytimes.
com/2021/09/09/us/la-vaccine-mandate-students-schools.
html

20. Camera L. School vaccine mandates: here they come  
[cited 2022 Mar 4]. https://www.usnews.com/news/ 
national-news/articles/2021-08-31/school-vaccine- 
mandates-here-they-come

21. Meo SA, Bukhari IA, Akram J, Meo AS, Klonoff DC.  
COVID-19 vaccines: comparison of biological, pharmacological 
characteristics and adverse effects of Pfizer/BioNTech and 
Moderna vaccines. Eur Rev Med Pharmacol Sci. 2021;25:1663–
9. https://doi.org/10.26355/eurrev_202102_24877

22. Chapin-Bardales J, Gee J, Myers T. Reactogenicity  
following receipt of mRNA-based COVID-19 vaccines. 
JAMA. 2021;325:2201–2. https://doi.org/10.1001/
jama.2021.5374

23. Ismail L. Doctors say some are opting out of second vaccine 
dose in fear of side effects [cited 2022 Mar 4]. https://www.
newschannel5.com/news/doctors-say-some-are-opting-out-
of-second-vaccine-dose-in-fear-of-side-effects

24. Momplaisir FM, Kuter BJ, Ghadimi F, Browne S,  
Nkwihoreze H, Feemster KA, et al. Racial/ethnic  
differences in COVID-19 vaccine hesitancy among health 
care workers in 2 large academic hospitals. JAMA Netw 
Open. 2021;4:e2121931. https://doi.org/10.1001/ 
jamanetworkopen.2021.21931

25. Lu PJ, O’Halloran A, Williams WW, Lindley MC, Farrall S, 
Bridges CB. Racial and ethnic disparities in vaccination  
coverage among adult populations in the U.S. Am J Prev 
Med. 2015;49(Suppl 4):S412–25. https://doi.org/10.1016/ 
j.amepre.2015.03.005

26. Nguyen KH, Anneser E, Toppo A, Allen JD, Scott Parott J, 
Corlin L. Disparities in national and state estimates of  
COVID-19 vaccination receipt and intent to vacci-
nate by race/ethnicity, income, and age group among 
adults ≥ 18 years, United States. Vaccine. 2022;40:107–13. 
https://doi.org/10.1016/j.vaccine.2021.11.040

27. Shrider EA, Kollar M, Chen F, Semega J. Income and poverty 
in the United States: 2020 [cited 2022 Mar 4]. https://www.
census.gov/library/publications/2021/demo/p60-273.html

28. Goldman N, Pebley AR, Lee K, Andrasfay T, Pratt B. 
Racial and ethnic differentials in COVID-19-related job 
exposures by occupational standing in the US. PLoS One. 
2021;16:e0256085.https://doi.org/10.1371/ 
journal.pone.0256085

1640 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 8, August 2022



Delayed or Missed Second COVID-19 Vaccination

29. Hamel L, Lopes L, Sparks G, Kirzinger A, Kearney A,  
Strokes M, et al.; Kaiser Family Foundation. KFF COVID-19 
vaccine monitor: October 2021 [cited 2022 Jan 30].  
https://www.kff.org/coronavirus-covid-19/poll-finding/
kff-covid-19-vaccine-monitor-october-2021

30. Rusoja EA, Thomas BA. The COVID-19 pandemic, Black  
mistrust, and a path forward. EClinicalMedicine. 2021; 
35:100868. https://doi.org/10.1016/j.eclinm.2021.100868

31. Saelee R, Zell E, Murthy BP, Castro-Roman P, Fast H,  
Meng L, et al. Disparities in COVID-19 vaccination coverage 
between urban and rural counties—United States, December 
14, 2020–January 31, 2022. MMWR Morb Mortal Wkly Rep. 
2022;71:335–40. https://doi.org/10.15585/mmwr.mm7109a2

32. Ryerson AB, Rice CE, Hung MC, Patel SA, Weeks JD,  
Kriss JL, et al. Disparities in COVID-19 vaccination status, 
intent, and perceived access for noninstitutionalized adults, 
by disability status—National Immunization Survey Adult 
COVID module, United States, May 30–June 26, 2021. 
MMWR Morb Mortal Wkly Rep. 2021;70:1365–71.  
https://doi.org/10.15585/mmwr.mm7039a2

33. Haggerty J, Levesque JF, Harris M, Scott C, Dahrouge S, 
Lewis V, et al. Does healthcare inequity reflect variations 
in peoples’ abilities to access healthcare? Results from a 
multi-jurisdictional interventional study in two high-income 
countries. Int J Equity Health. 2020;19:167. https://doi.org/ 
10.1186/s12939-020-01281-6

34. Press VG, Huisingh-Scheetz M, Arora VM. Inequities in 
technology contribute to disparities in COVID-19 vaccine 
distribution. JAMA Health Forum. 2021;2:e210264.  
https://doi.org/10.1001/jamahealthforum.2021.0264

35. Mollalo A, Tatar M. Spatial modeling of COVID-19 vaccine 
hesitancy in the United States. Int J Environ Res Public Health. 
2021;18:9488. https://doi.org/10.3390/ijerph18189488

36. Levenson E. These are the states with the highest and lowest 
vaccination rates [cited 2021 May 10]. https://www.cnn.
com/2021/05/10/us/us-vaccination-rates-states

37. Willis DE, Andersen JA, Bryant-Moore K, Selig JP, Long CR, 
Felix HC, et al. COVID-19 vaccine hesitancy: race/ 
ethnicity, trust, and fear. Clin Transl Sci. 2021;14:2200–7. 
https://doi.org/10.1111/cts.13077

38. Kaiser Family Foundation. State COVID-19 data and policy 
actions [cited 2022 Jan 30]. https://www.kff.org/report-sec-
tion/state-covid-19-data-and-policy-actions-policy-actions

39. Levenson E. New York City now enforcing Covid-19 vaccine 
requirement for most indoor activities [cited 2022 Mar 4]. 
https://www.cnn.com/2021/09/13/us/new-york-vaccine-
passport/index.html

40 Amirthalingam G, Bernal JL, Andrews NJ, Whitaker H, 
Gower C, Stowe J, et al. Serological responses and  
vaccine effectiveness for extended COVID-19 vaccine  
schedules in England. Nat Commun. 2021;12:7217.  
https://doi.org/10.1038/s41467-021-27410-5

41. Wallace M, Moulia D, Blain AE, Ricketts EK, Minhaj FS, 
Link-Gelles R, et al.; Centers for Disease Control and  
Prevention. The Advisory Committee on Immunization 
Practices’ recommendation for use of Moderna COVID-19 
vaccine in adults aged ≥18 years and considerations for 
extended intervals for administration of primary series doses 
of mRNA COVID-19 vaccines—United States, February 2022. 
MMWR Morb Mortal Wkly Rep. 2022;71:416–21.  
https://doi.org/10.15585/mmwr.mm7111a4

Address for correspondence: Terence Chorba, Centers for Disease 
Control and Prevention, 1600 Clifton Rd NE, Mailstop US 12-4, 
Atlanta, GA 30329-4027, USA: email: tlc2@cdc.gov

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 8, August 2022 1641

EID Podcast
Isolation Cocoon,  
May 2020—After 

Zhuangzi’s 
Butterfly Dream 

Visit our website to listen: 
https://go.usa.gov/x6W9A 

®

For many people, the prolonged period of 
social distancing during the coronavirus  
disease pandemic felt frightening, uncanny,  
or surreal.
For Ron Louie, the sensation was reminiscent 
of a moth taking refuge in its cocoon,  
slumbering in isolation as he waited for bet-
ter days ahead.
In this EID podcast, Dr. Ron Louie, a clinical 
professor in Pediatrics Hematology-Oncology 
at the University of Washington in Seattle, 
reads and discusses his poem about the  
early days of the pandemic.


