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Summary 

This prospective cohort study provides evidence for continued protection of 2 doses of mRNA-1273 

against SARS-CoV-2 infection over 8 months post-vaccination and during the Delta period. VE 

against COVID-19 hospitalization remained robust and stable over the same period. 
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Abstract 

Background: We conducted a prospective cohort study at Kaiser Permanente Southern California to 

study the vaccine effectiveness (VE) of mRNA-1273 over time and during the emergence of the Delta 

variant. 

Methods: The cohort for this planned interim analysis consisted of individuals aged ≥18 years 

receiving 2 doses of mRNA-1273 through June 2021, matched 1:1 to randomly selected unvaccinated 

individuals by age, sex, and race/ethnicity, with follow-up through September 2021. Outcomes were 

SARS-CoV-2 infection, and COVID-19 hospitalization and hospital death. Cox proportional hazards 

models were used to estimate adjusted hazard ratios (aHR) with 95% confidence intervals (CIs) 

comparing outcomes in the vaccinated and unvaccinated groups. Adjusted VE (%) was calculated as 

(1-aHR)x100. HRs and VEs were also estimated for SARS-CoV-2 infection by age, sex, 

race/ethnicity, and during the Delta period (June-September 2021). VE against SARS-CoV-2 infection 

and COVID-19 hospitalization was estimated at 0-<2, 2-<4, 4-<6, and 6-<8 months post-vaccination.  

Results: 927,004 recipients of 2 doses of mRNA-1273 were matched to 927,004 unvaccinated 

individuals. VE (95% CI) was 82.8% (82.2-83.3%) against SARS-CoV-2 infection, 96.1% (95.5-

96.6%) against COVID-19 hospitalization, and 97.2% (94.8-98.4%) against COVID-19 hospital death. 

VE against SARS-CoV-2 infection was similar by age, sex, and race/ethnicity, and was 86.5% (84.8-

88.0%) during the Delta period. VE against SARS-CoV-2 infection decreased from 88.0% at 0-<2 

months to 75.5% at 6-<8 months. 

Conclusions: These interim results provide continued evidence for protection of 2 doses of mRNA-

1273 against SARS-CoV-2 infection over 8 months post-vaccination and during the Delta period, and 

against COVID-19 hospitalization and hospital death.   
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Introduction 

Since the deployment of vaccines against coronavirus disease 2019 (COVID-19), multiple 

observational studies have demonstrated that mRNA-1273 (Moderna Inc, Cambridge, USA) is highly 

effective against symptomatic COVID-19, with reports of vaccine effectiveness (VE) as high as 100% 

[1-4]. mRNA-1273 has also been shown to have high VE against COVID-19 hospitalization and death 

[3].  

 

However, the emergence of several SARS-CoV-2 variants led to concerns of potentially lower VE of 

COVID-19 vaccines against variants [6, 7]. The higher transmissibility of the Delta variant led to a 

surge in infections, hospitalizations, and deaths in the United States (US) since becoming the 

dominant circulating strain in July 2021 [8, 9]. Even though a majority of cases were in unvaccinated 

individuals, breakthrough cases among vaccinated individuals have also been reported [10-12]. We 

previously evaluated the VE of mRNA-1273 against SARS-CoV-2 variants, and reported an overall 

VE of 86.7% against Delta infection through July 2021 [13]. Another test-negative observational study 

in Ontario, Canada, from December 2020 to August 2021, reported a 94% VE against symptomatic 

infection with Delta after two doses of mRNA-1273 with similar VE against hospitalization and death 

[17]. Furthermore, several studies conducted in the US post Delta emergence reported high VE of 

mRNA-1273 against COVID-19 hospitalization ranging from 91.6% to 95.0% [14-16].  

 

As the pandemic continues, the durability of protection of COVID-19 vaccines, for which data are 

limited, and the potential need for boosters have become critical public health questions [19]. We 

previously reported that waning of VE was most pronounced for the Delta variant, with VE against 

Delta infection declining from 94.1% at 14-60 days after vaccination to 80.0% at 151-180 days after 

vaccination [13]. A test-negative study conducted in the United Kingdom compared VE of mRNA-1273 

against Delta symptomatic disease over 14 weeks, showing a decline in VE from 95.2% at 1 week 

after vaccination to 90.3% at 14 weeks after vaccination [20].  

 

Few published studies are available on the durability of protection of mRNA-1273 several months 

after vaccination during the Delta period among the general US population. In this study, we 

evaluated the durability (with up to 8 months of follow-up) and effectiveness of 2 doses of mRNA-
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1273 in preventing SARS-CoV-2 infection, stratified by age, sex, and race/ethnicity, and during the 

Delta period in the US. We also evaluated VE and durability against COVID-19 hospitalization. 

Methods 

Study setting 

Kaiser Permanente Southern California (KPSC) is an integrated health care system providing care to 

a diverse 4.6 million members. KPSC’s electronic health record (EHR) is comprehensive, capturing 

details across several areas such as inpatient, outpatient, emergency, and virtual care; claims also 

capture any care received outside of the KPSC system. The KPSC Institutional Review Board 

reviewed and approved the study. 

 

Study objectives 

This is the second planned interim analysis (IA) of a 5-year cohort study at KPSC to evaluate the VE 

of mRNA-1273 in preventing SARS-CoV-2 infection and severe COVID-19 disease. Detailed methods 

and results of the first IA with follow-up through June 30, 2021 were reported elsewhere (Bruxvoort et 

al). For this analysis, the primary objectives were to evaluate the VE of 2 doses of mRNA-1273 in 

preventing SARS-CoV-2 infection and severe COVID-19 disease. Secondary objectives were to 

evaluate the VE of 2 doses of mRNA-1273 in preventing SARS-CoV-2 infection by age, sex, and 

race/ethnicity groups. We also evaluated the waning of VE over time to assess the durability of 

mRNA-1273 against SARS-CoV-2 infection and COVID-19 hospitalization. To specifically assess VE 

against Delta in the absence of waning, we also evaluated VE against Delta infection in individuals 

newly vaccinated in June 2021 and followed through September 30, 2021. The study protocol is 

presented in the Supplementary Materials. 

 

Study population 

For the study cohort, eligible individuals were ≥18 years old, and were KPSC members for at least 1 

year prior to the index date (allowing a 31-day membership gap) and for ≥14 days after the index 

date. Individuals who received 2 doses of mRNA-1273 ≥24 days apart (4-day grace period allowed 

prior to the recommended 28-day interval) from December 18, 2020 through June 30, 2021 made up 

the vaccinated group. The index date was defined as the date of receipt of the second dose of mRNA-
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1273 for vaccinated individuals; their matched unvaccinated counterparts were assigned the same 

index date. Individuals who received a COVID-19 vaccine other than mRNA-1273 on or before the 

index date, or who had no healthcare utilization or no vaccination from the 2 years prior to the index 

date through the index date were excluded. Individuals who died, had a COVID-19 outcome, or 

received any COVID-19 vaccine ˂14 days after the index date were also excluded. 

 

The unvaccinated group was composed of those who did not receive any COVID-19 vaccine as of the 

index date. Unvaccinated comparators were randomly selected and matched 1:1 to the vaccinated 

individuals by age group (18–44 years, 45–64 years, 65–74 years, and ≥75 years), sex, and 

race/ethnicity (Non-Hispanic White, Non-Hispanic Black, Hispanic, Non-Hispanic Asian, and 

Other/Unknown). Index dates were also balanced through matching, since matched vaccinated and 

unvaccinated individuals shared the same index date.  

 

Exposure and outcomes 

Information on mRNA-1273 exposure was ascertained from KPSC’s EHR. The EHR included 

vaccines administered within KPSC as well as COVID-19 vaccines administered outside of the KPSC 

health system. These were imported daily into the KPSC EHR from the California Immunization 

Registry (CAIR), CalVax (Cal Poly Pomona mass vaccination site), Care Everywhere (Epic EHR 

feature which allows health care systems to exchange medical information), claims (e.g., 

pharmacies), and member self-report with documentation. All providers of COVID-19 vaccines were 

required by law to provide COVID-19 vaccine administration data daily to CAIR. 

 

The first primary outcome was SARS-CoV-2 infection defined as a positive molecular test or a 

COVID-19 diagnosis code for both symptomatic and asymptomatic infections. Individuals with 

COVID-19 who had a history of a COVID-19 diagnosis code or a SARS-CoV-2 positive molecular test 

in the 90 days prior were not considered incident cases. The second primary outcome was severe 

COVID-19 disease, which included COVID-19 hospitalization (hospitalization with a SARS-CoV-2 

positive test or a COVID-19 diagnosis code, or a hospitalization ≤7 days after a SARS-CoV-2 positive 

test) and COVID-19 hospital death (death occurring during COVID-19 hospitalization). COVID-19 

hospitalization was confirmed 1) by at least one documented SpO2 <90% during hospital stay, or 2) if 
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SpO2 ≥90%, by manual chart review done by a physician investigator [BKA] and trained chart 

abstractors to verify the presence of severe COVID-19 symptoms. 

 

Individuals were followed for COVID-19 outcomes ≥14 days after the index date through September 

30, 2021 (end of follow-up) or until occurrence of a censoring event (termination of KPSC 

membership allowing for a 31-day gap, death, or receipt of a COVID-19 vaccine), resulting in up to 8 

months of follow-up post-vaccination for this analysis. Unvaccinated individuals stopped contributing 

unvaccinated person-time if they received a first dose of mRNA-1273 during follow-up and started 

contributing vaccinated person-time when they received an eligible second dose of mRNA-1273.  

 

Starting from June 1, 2021, Delta (B.1.617.2, AY.*) was the predominant strain among positive SARS-

CoV-2 specimens successfully sequenced at KPSC. To evaluate VE of mRNA-1273 specifically 

against SARS-CoV-2 infection during the Delta period, a subset of individuals was included in an 

additional Delta period analysis if they had an index date during June 1-30, 2021 and were followed 

up to September 30, 2021. 

 

Other variables 

Baseline characteristics were extracted from the EHR. Variables assessed at index date included 

age, sex, race/ethnicity, socioeconomic status (Medicaid coverage, neighborhood median household 

income), medical center area, pregnancy status, and KPSC physician/employee status. Variables 

assessed in the two years prior to index date included smoking and body mass index (BMI). Variables 

assessed in the year prior to index date included Charlson comorbidity score, autoimmune conditions, 

health care utilization (virtual, outpatient, emergency department [ED], inpatient encounters), 

preventive care (other vaccinations, screenings, well-visits), chronic diseases (kidney disease, heart 

disease, lung disease, liver disease, diabetes), and frailty index. Other variables included history of 

SARS-CoV-2 infection and molecular test performed from March 1, 2020 to index date (irrespective of 

result), and immunocompromised status. 

 

Statistical analyses 
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Baseline characteristics of the vaccinated and unvaccinated groups were described. Continuous 

variables were compared using two-sample t-test or Wilcoxon rank-sum test, as appropriate, and 

categorical variables were compared using χ2 test or Fisher’s exact test, as appropriate. Potential 

confounders were identified based on the literature. To assess the balance of covariates across 

groups, absolute standardized differences (ASD) were used. Covariates with ASD>0.1, as well as 

age, sex, race/ethnicity, month of index date were included in the multivariable models. The missing 

indicator method was used for covariates with missing data. 

 

The number of incident events divided by person-years was used to calculate the incidence rates (IR) 

per 1,000 person-years of SARS-CoV-2 infection, and COVID-19 hospitalization and hospital death 

for both vaccinated and unvaccinated groups. Kaplan-Meier curves were used to estimate the 

cumulative incidence of SARS-CoV-2 infection, and COVID-19 hospitalization and hospital death for 

both groups; the differences between the curves were tested by log-rank test. 

 

Cox proportional hazards regression models were used to estimate unadjusted and adjusted hazard 

ratios (HR) with 95% confidence intervals (CIs) comparing SARS-CoV-2 infection, and COVID-19 

hospitalization and hospital death in the vaccinated and unvaccinated groups overall. VE (%) was 

calculated as (1-HR) x 100. HRs and VEs were also estimated comparing SARS-CoV-2 infection in 

vaccinated and unvaccinated individuals by age, sex, race/ethnicity, and during the Delta period.  

 

To evaluate durability of protection, VE against SARS-CoV-2 infection and COVID-19 hospitalization 

was estimated every two months post-vaccination (0-<2, 2-<4, 4-<6, and 6-<8 months) using time-

varying Cox regression models. VEs by months post-vaccination against SARS-CoV-2 infection and 

COVID-19 hospitalization were also estimated and stratified by age groups (18-64 years old and ≥65 

years old). 

 

All analyses were conducted using SAS software version 9.4, Cary, USA. 

 

Results  

Baseline characteristics 
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The study cohort consisted of 927,004 recipients of 2 doses of mRNA-1273 vaccine (hereafter, 

‘vaccinated’) and 927,004 matched unvaccinated individuals (Figure 1). Overall, the median age was 

52 years (interquartile range [IQR] 36-65) with 74.3% aged 18-64 years; there were more females 

than males (54.5%); and 38.6% were Hispanic, 33.6% were non-Hispanic White, 12.8% were Asian, 

and 7.5% were Black (Table 1). The vaccinated and unvaccinated groups had similar characteristics 

(ASD≤0.1) of BMI, smoking, Charlson comorbidities index, frailty index, chronic diseases, 

immunocompromised status, autoimmune conditions, pregnancy status, history of SARS-CoV-2 

infection and molecular test, ED visits, hospitalizations, Medicaid enrollment, and median household 

income. Compared to the unvaccinated individuals, those vaccinated had more outpatient and virtual 

visits, and more preventive care visits in the year prior to the index date. A higher proportion of 

vaccinated individuals were KPSC physicians/employees. There were some differences in the 

distribution of vaccinated and unvaccinated groups across the medical centers. The greatest 

proportion of index dates occurred in April 2021 (34.5%) followed by May 2021 (21.2%), coinciding 

with California’s vaccination phase when mRNA-1273 became available to all individuals ≥18 years 

old. Vaccinated individuals received their second dose after a median 28 days (IQR 28-29) post-first 

dose, and 0.1% received a concomitant vaccine with mRNA-1273. 

 

VE against SARS-CoV-2 infection, and COVID-19 hospitalization and hospital death 

There were 7,685 cases of SARS-CoV-2 infection among the vaccinated individuals and 16,809 

cases among the unvaccinated individuals, with IRs per 1,000 person-years of 19.09 (95% CI: 18.67-

19.52) and 94.02 (95% CI: 92.61-95.45), respectively (Table 2). IRs per 1,000 person-years for 

COVID-19 hospitalization and COVID-19 hospital death were 0.60 (95% CI: 0.53-0.69) and 0.03 (95% 

CI: 0.02-0.06), respectively, among vaccinated individuals and 13.07 (95% CI: 12.55-13.61) and 0.90 

(95% CI: 0.77-1.05), respectively, among the unvaccinated individuals. The cumulative incidences of 

SARS-CoV-2 infection, and COVID-19 hospitalization and hospital death were all significantly higher 

in unvaccinated individuals than vaccinated individuals (log-rank test p<0.001) (Figures 2a-c). The 

adjusted VE (Table 2) was 82.8% (95% CI: 82.2-83.3%) against SARS-CoV-2 infection; 96.1% (95% 

CI: 95.5-96.6%) against COVID-19 hospitalization; and 97.2% (95% CI: 94.8-98.4%) against COVID-

19 hospital death. 
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VE against SARS-CoV-2 infection by subgroups 

Among vaccinated and unvaccinated groups, the IR of SARS-CoV-2 infection was higher in those ˂65 

years as compared to those ≥65 years (Table 3). IRs among vaccinated and unvaccinated females 

were higher than their male counterparts. IRs were higher among Hispanic individuals in the 

vaccinated group (23.03 [95% CI: 22.28-23.81]) and among non-Hispanic Black individuals in the 

unvaccinated group (109.90 [95% CI: 104.47-115.61]) when compared to the other racial/ethnic 

groups. Despite differences in IRs of SARS-CoV-2 infection across age, sex, and race/ethnicity 

groups, the adjusted VE against SARS-CoV-2 infection was similar by age, sex, and race/ethnicity, 

ranging from 77.9% to 87.0%. Among the subgroup of individuals who completed their 2-dose series 

in June 2021 and their unvaccinated matched counterparts, the IRs for SARS-CoV-2 infection during 

the Delta period were 20.38 (95% CI: 18.27-22.75) and 146.73 (95% CI: 140.40-153.35), respectively 

(Table 3). Adjusted VE against SARS-CoV-2 infection comparing individuals vaccinated during the 

Delta period and their unvaccinated counterparts was 86.5% (95% CI: 84.8-88.0%). 

Durability of protection 

Adjusted VE against SARS-CoV-2 infection and COVID-19 hospitalization by months after vaccination 

both overall and by age groups are presented in Supplementary Table 1. Adjusted VE against 

SARS-CoV-2 infection decreased from 88.0% at 0-<2 months to 75.5% at 6-<8 months (Figure 3). 

Adjusted VE against COVID-19 hospitalization remained stable, from 95.9% in 0-<2 months to 94.5% 

in 6-<8 months. The durability of protection VE estimates by age groups for both SARS-CoV-2 

infection and COVID-19 hospitalization were similar to the overall results.   

Discussion 

This interim analysis was conducted among a large cohort to assess the effectiveness and durability 

of 2 doses of mRNA-1273 under real-world conditions. The study results confirmed the high 

effectiveness of 2 doses of mRNA-1273, with VE against SARS-CoV-2 infection of 82.8%, VE against 

COVID-19 hospitalization of 96.1%, and VE against COVID-19 hospital death of 97.2%. Furthermore, 

VE against COVID-19 hospitalization remained robust and stable over 8 months of follow-up. 

Moderate waning was observed for VE against SARS-CoV-2 infection, with a VE of 75.5% at 6-<8 
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months post-vaccination. The individuals included in the cohort were vaccinated through June 2021 

and then followed through September 2021, overlapping with the rapid spread of the Delta variant in 

the US. Additionally, for individuals who completed the two-dose series in June 2021, VE against 

SARS-CoV-2 infection during the Delta period remained high at 86.5% through the end of September 

2021. 

  

These results add to a growing body of work evaluating the VE of mRNA-1273 in the general 

population. A case-control study across 21 hospitals in 18 US states assessing the VE of mRNA-1273 

in preventing COVID-19 hospitalizations during March 11, 2021 to August 15, 2021 reported a VE of 

93% (95% CI: 91%-95%), similar to the VE found in this study. The findings of our study are also 

consistent with and extend those of our prior interim analysis with follow-up through June 2021. VE 

against COVID-19 hospitalization and hospital death was higher than the VE against SARS-CoV-2 

infection, corroborating previous evidence that mRNA vaccines offer greater protection against more 

severe disease. 

 

We previously found mRNA-1273 to have a high VE against SARS-CoV-2 infection before the Delta 

variant spread in the US. The Delta variant started emerging in the US in late May 2021 and quickly 

became the dominant variant during June through August 2021. A study in Qatar evaluated VE of 

mRNA-1273 against the Delta variant, and found a VE against SARS-CoV-2 infection of 73.1% (95% 

CI: 67.5%-77.8%). In the current study, VE against SARS-CoV-2 infection was evaluated for the Delta 

period in a subset of individuals newly vaccinated during June 2021 and followed up through 

September 2021; VE against Delta after three months of follow-up was 86.5%, similar to the VE 

observed in our prior interim analysis (87.4%). This finding is less subject to waning and suggests that 

mRNA-1273 generates protection against the Delta variant.      

 

The current study is also one of the first to examine the durability of the 2-dose mRNA-1273 vaccine. 

While VE against COVID-19 hospitalization was stable during the follow-up, VE against SARS-CoV-2 

infection steadily decreased from 88.0% to 75.5% across the 8 months of follow-up. The same VE 

waning effects were apparent across age categories (18-64 years and ≥65 years). These findings are 

consistent with the findings of our previous study that used a test-negative design. Due to this steady 

11FDA-CBER-2022-1614-4992628



P901 2nd Interim Analysis Study 
Final Draft; KPSC draft 
December 8, 2021 
 

   
 

decrease in VE, our findings support the current mRNA-1273 booster recommendations of receiving a 

booster shot at least 6 months after completing the primary series.    

 

One strength of the current study is the matched cohort design which allows for generalizability to the 

general population eligible for mRNA-1273. Another strength is KPSC’s diverse member population. 

The study also utilized KPSC’s EHR and was able to gather comprehensive data on millions of 

members; the data included COVID-19 vaccine information, demographics, medical history, and 

health care utilization. However, residual confounding from unmeasured factors might have still been 

present. Some health seeking behaviors such as adherence to masking guidelines and occupation 

are not captured by the EHR; these may contribute to differences in COVID-19 risk and testing 

behaviors between vaccinated and unvaccinated individuals. Misclassification of SARS-CoV-2 

infection from false positive or false negative test results or from inaccurate diagnosis codes from 

outside claims may have been another limitation. This non-differential misclassification could have 

underestimated the VE. Lastly, individuals vaccinated during the Delta period were younger as 

vaccines had recently become available to the general population and may have had fewer COVID-19 

risk factors, which could have led to overestimation of VE during the Delta period.  

 

In conclusion, this second interim analysis of an ongoing cohort study found that VE of 2 doses of 

mRNA-1273 against SARS-CoV-2 infection declined moderately over the course of 8 months, but VE 

against COVID-19 hospitalization remained robust and stable over the same period. In addition, VE 

against SARS-CoV-2 infection in newly vaccinated individuals during the Delta period remained high. 

Continued long-term follow-up is needed to fully evaluate the real-world effectiveness of mRNA-1273 

overall and in different subgroups of the population over time. 
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Tables 

Table 1. Baseline characteristics of 2-dose mRNA-1273 vaccinated and unvaccinated cohort 

  Vaccinated Unvaccinated Absolute  

  N=927004 N=927004 Standardized Difference 

 N (%) N (%)  

Age at index date, years, median (IQR) 52 (37, 65) 51 (36, 65) 0.0452 

Age at index date, years   N/A 

18-44  339646 (36.6) 339646 (36.6)  

45-64  349556 (37.7) 349556 (37.7)  

65-74 154865 (16.7) 154865 (16.7)  

≥75 82937 (8.9) 82937 (8.9)  

Sex   N/A 

Female 505654 (54.5) 505654 (54.5) 
 

Male 421350 (45.5) 421350 (45.5)  

Race/Ethnicity   N/A 

Non-Hispanic White 311799 (33.6) 311799 (33.6) 
 

Non-Hispanic Black 69159 (7.5) 69159 (7.5)  

Hispanic 357415 (38.6) 357415 (38.6)  

Non-Hispanic Asian 118333 (12.8) 118333 (12.8)  
Other/Unknown 70298 (7.6) 70298 (7.6)  

Body Mass Indexb 
  0.0545 

<18.5 9848 (1.1) 13021 (1.4)  

18.5 - <25 205813 (22.2) 215470 (23.2)  

25 - <30 269826 (29.1) 272903 (29.4)  

30 - <35 177499 (19.1) 178076 (19.2)  

35 - <40 83982 (9.1) 81874 (8.8)  

40 - <45 36994 (4.0) 32855 (3.5)  

≥45 23525 (2.5) 20579 (2.2)  
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Unknown 119517 (12.9) 112226 (12.1)  

Smokingb 
  0.0361 

No 667670 (72.0) 663128 (71.5)  

Yes 162747 (17.6) 173785 (18.7)  

Unknown 96587 (10.4) 90091 (9.7)  

Charlson comorbidity scorea 
  0.0827 

0 646513 (69.7) 681024 (73.5)  
1 130475 (14.1) 115147 (12.4)  

≥2 150016 (16.2) 130833 (14.1)  

Frailty indexa 
  0.0456 

Quartile 1 191548 (20.7) 187533 (20.2)  
Quartile 2 266325 (28.7) 281684 (30.4)  
Quartile 3 230017 (24.8) 233376 (25.2)  
Quartile 4 239114 (25.8) 224411 (24.2)  

Chronic diseasesa    

Kidney disease 51638 (5.6) 45129 (4.9) 0.0316 

Heart disease 27855 (3.0) 27594 (3.0) 0.0017 

Lung disease 71550 (7.7) 65003 (7.0) 0.0270 

Liver disease 26146 (2.8) 23954 (2.6) 0.0146 

Diabetes 139390 (15.0) 116794 (12.6) 0.0707 

Immunocompromised  29784 (3.2) 24102 (2.6) 0.0365 

         HIV/AIDS 3930 (0.4)  2074 (0.2)  
         Leukemia, lymphoma, congenital and other   

         immunodeficiencies, asplenia/hyposplenia 10823 (1.2)  9318 (1.0)   
         Organ transplant   2750 (0.3)  1910 (0.2)  
         Immunosuppressant medications 17467 (1.9)  14539 (1.6)  

Autoimmune conditionsa 25882 (2.8) 22327 (2.4) 0.0241 

         Rheumatoid arthritis  11764 (1.3)  10185 (1.1)  
         Inflammatory bowel disease 4384 (0.5) 3694 (0.4)  
         Psoriasis and psoriatic arthritis 8755 (0.9) 7500 (0.8)  
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         Multiple sclerosis 1566 (0.2) 1429 (0.2)  
         Systemic lupus erythematosus 2124 (0.2) 1772 (0.2)  
Pregnant at index date 5063 (0.5) 10551 (1.1) 0.0648 

         1st trimester 1609 (0.2)  2625 (0.3)  

         2nd trimester 1863 (0.2) 3988 (0.4)  

         3rd trimester 1591 (0.2) 3938 (0.4)  

History of SARS-CoV-2 infectionc 92461 (10.0) 113396 (12.2) 0.0719 

History of SARS-CoV-2 molecular testc 364575 (39.3) 337279 (36.4) 0.0607 

Number of outpatient and virtual visitsa,d 
  0.2504 

0 68573 (7.4) 128820 (13.9)  
1-4 327996 (35.4) 357042 (38.5)  

5-10 263631 (28.4) 231974 (25.0)  

≥11 266804 (28.8) 209168 (22.6)  

Number of emergency department visitsa,d 
  0.0564 

0 806834 (87.0) 789726 (85.2)  
1 88007 (9.5) 97545 (10.5)  

≥2 32163 (3.5) 39733 (4.3)  

Number of hospitalizationsa,d 
  0.0449 

0 887170 (95.7) 878587 (94.8)  
1 32205 (3.5) 38153 (4.1)  

≥2 7629 (0.8) 10264 (1.1)  

Preventive carea 691389 (74.6) 568154 (61.3) 0.2878 

Medicaid 59896 (6.5) 77950 (8.4) 0.0743 

Neighborhood median household income   0.0750 

< $40,000 42362 (4.6) 47664 (5.1)  

$40,000-$59,999 182542 (19.7) 194304 (21.0)  

$60,000-$79,999 225417 (24.3) 235308 (25.4)  

$80,000+ 476050 (51.4) 447572 (48.3)  

Unknown 633 (0.1) 2156 (0.2)  
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KPSC physician/employee  31111 (3.4) 15132 (1.6) 0.1107 

Concomitant vaccinatione 559 (0.1) N/A N/A 

Time between first and second doses, days, median (IQR)  28 (28-29) N/A N/A 

Index date   N/A 

January 2021 20561 (2.2) 20561 (2.2)  

February 2021 156278 (16.9) 156278 (16.9)  

March 2021 174115 (18.8) 174115 (18.8)  

April 2021 320109 (34.5) 320109 (34.5)  

May 2021 196973 (21.2) 196973 (21.2)  

June 2021 58968 (6.4) 58968 (6.4)  
a Defined in the one year prior to index date       
b Defined in the two years prior to index date   

 
c Defined based on all available medical records from March 1, 2020 to index date  

 
d Indicator of overall health care utilization / care-seeking 
e Among subjects with concomitant vaccines: influenza vaccine (24.0%), Tdap (49.4%), shingles vaccine (4.5%), PCV13/PPSV23 (9.3%), HPV vaccine (8.1%) and other vaccine 

(9.3%); 32.7% concomitant with 1st dose and 68.7% concomitant with 2nd dose. 

Medical center area not shown. The absolute standardized difference of the distribution of the vaccinated and unvaccinated individuals across the 19 medical center areas is 0.2095. 

N = sample size; IQR = interquartile range; N/A = not applicable (matching variable or pertains only to vaccinated individuals)   
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Table 2. Incidence rates, hazard ratios, and vaccine effectiveness of 2 doses of mRNA-1273 in preventing SARS-CoV-2 infection, and COVID-19 hospitalization and 

hospital death 

  Vaccinated 

(N=927004) 

Unvaccinated 

(N=927004) 

Hazard Ratio (95% CI) VE % (95% CI) 

Outcomes Number 

of cases 

Incidence per 1000 

person-years  

(95% CI) 

Number 

of cases 

Incidence per 1000 

person-years 

(95% CI) 

Unadjusted Adjusteda Unadjusted Adjusteda 

SARS-CoV-2 infection    7685 19.09 (18.67-19.52) 16809 94.02 (92.61-95.45) 0.17 (0.16-0.17) 0.17 (0.17-0.18) 83.4 (82.9 -83.9) 82.8 (82.2-83.3) 

COVID-19 hospitalization 244 0.60 (0.53-0.69) 2361 13.07 (12.55-13.61) 0.04 (0.03-0.04) 0.04 (0.03-0.05) 96.4 (95.9-96.8) 96.1 (95.5-96.6) 

COVID-19 hospital death 13 0.03 (0.02-0.06) 163 0.90 (0.77-1.05) 0.03 (0.02-0.05) 0.03 (0.02-0.05) 96.9 (94.5-98.2) 97.2 (94.8-98.4) 

a Adjusted for covariates age groups (4 categories), sex, race/ethnicity, index date (in months), number of outpatient and virtual visits, preventive care, KPSC 

physician/employee status, medical center area. 

N = sample size; CI = confidence interval; VE = vaccine effectiveness
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Table 3. Incidence rate, hazard ratio, and vaccine effectiveness of 2 doses of mRNA-1273 in preventing SARS-CoV-2 infection by age, sex, race/ethnicity, and Delta period 

subgroups 

Vaccinated 

(N=927004) 

Unvaccinated 

(N=927004) 

Hazard Ratio (95% CI) VE % (95% CI) 

Number of 

cases 

Incidence per 1000 

person-years  

(95% CI) 

Number of 

cases 

Incidence per 1000 

person-years 

(95% CI) 

Unadjusted Adjusteda Unadjusted Adjusteda 

Age at index date, years 

18-44 3196 23.05 (22.26-23.86) 7145 109.90 (107.38-112.48) 0.16 (0.15-0.17) 0.17 (0.17-0.18) 84.0 (83.3 -84.7) 82.6 (81.7 -83.5) 

45-64 2811 19.15 (18.46-19.88) 6912 104.79 (102.35-107.29) 0.14 (0.13-0.15) 0.15 (0.15-0.16) 85.9 (85.2 -86.5) 84.6 (83.8 -85.4) 

65-74 1098 14.64 (13.80-15.53) 1877 62.57 (59.81-65.47) 0.19 (0.18-0.21) 0.18 (0.17-0.20) 80.8 (79.3 -82.2) 81.6 (79.9 -83.1) 

≥75 580 13.78 (12.71-14.95) 875 49.13 (45.98-52.49) 0.24 (0.22-0.27) 0.22 (0.20-0.25) 75.9 (73.2 -78.3) 77.9 (75.1 -80.3) 

Sex 

Female 4459 19.97 (19.39-20.56) 9116 96.18 (94.23-98.18) 0.17 (0.16-0.17) 0.18 (0.17-0.18) 83.2 (82.6 -83.8) 82.4 (81.7 -83.1) 

Male 3226 18.00 (17.39-18.64) 7693 91.58 (89.56-93.65) 0.16 (0.16-0.17) 0.17 (0.16-0.18) 83.7 (83.0 -84.4) 83.1 (82.3 -83.9) 

Race/Ethnicity 

Non-Hispanic 

White 

2601 18.88 (18.16-19.62) 6061 94.48 (92.13-96.89) 0.17 (0.16-0.18) 0.18 (0.17-0.19) 83.2 (82.4 -84.0) 82.1 (81.1 -83.0) 

Non-Hispanic Black 523 17.41 (15.98-18.97) 1497 109.90 (104.47-115.61) 0.14 (0.12-0.15) 0.13 (0.12-0.15) 86.2 (84.7 -87.5) 87.0 (85.5 -88.4) 

Hispanic 3488 23.03 (22.28-23.81) 7177 103.15 (100.79-105.57) 0.18 (0.17-0.19) 0.18 (0.17-0.19) 82.1 (81.3 -82.9) 81.8(80.9 -82.6) 

Non-Hispanic Asian 612 11.37 (10.50-12.31) 940 52.47 (49.22-55.93) 0.16 (0.14-0.18) 0.17 (0.15-0.19) 83.9 (82.1 -85.6) 83.4 (81.2 -85.4) 

Delta periodb 319 20.38 (18.27-22.75) 1973 146.73 (140.40-153.35) 0.14 (0.12-0.15) 0.13 (0.12-0.15) 86.3 (84.6 -87.9) 86.5 (84.8 -88.0) 

a Adjusted for covariates age groups (in 4 categories, and not adjusted in the age subcohort analysis), sex (not adjusted in the sex subcohort analysis), race/ethnicity (not adjusted in the 

race/ethnicity subcohort analysis), index date (in months), number of outpatient and virtual visits, preventive care, KPSC physician/employee status, medical center area. 
b Individuals with index dates in June 2021 were followed up to September 30, 2021 

N = sample size; CI = confidence interval; VE = vaccine effectiveness 

22FDA-CBER-2022-1614-4992639



P901 2nd Interim Analysis Study 
Final Draft; KPSC draft 
December 8, 2021 

Figure Legend 

Figure 1: Flow chart for 2-dose mRNA-1273 analysis cohort 

Figure 2. Cumulative incidence estimates by vaccination status in 2-dose mRNA-1273 cohort 

a. SARS-CoV-2 infection
b. COVID-19 hospitalization
c. COVID-19 hospital death

Figure 3. Vaccine effectiveness of 2 doses of mRNA-1273 in preventing SARS-CoV-2 infection and 
COVID-19 hospitalization by months after vaccination 
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