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Summary 

The Omicron variant was identified on the Cornell Ithaca campus in December 2021. To study 

the effectiveness of booster shots against Omicron infections, we investigate a total of 18,102 

Cornell students fully vaccinated with Pfizer, Moderna or J&J that were PCR tested at least once 

between 12/5/2021 and 12/31/2021. Controlling for student group membership (including 

academic degree programs, Greek organizations and varsity athletics teams), vaccine first dose 

date and initial vaccine type, our fitted logistic regression model estimates that receiving a booster 

shot reduces the odds of being infected by the Omicron variant by 54% (95% confidence interval 

[45%, 62%]). This result is robust to the choice of the delay assumed by our analysis (varied from 

0 days to 14 days) over which a booster shot becomes effective.  

 

This complements other data in the literature showing that boosters provide substantial additional 

protection against infection and severe disease caused by the Omicron variant, above and 

beyond the protection offered by a first course of vaccination (Naaber et al. 2021, Hansen et al. 

2021, UK Health Security Agency 2021, Corbett et al. 2021, Liu et al. 2021, Bar-On et al. 2021). 

 

This roughly 50% reduction in susceptibility to infection can reduce infection at the population 

level by much more than 50% when R0 is between 1 and 2. For example, in a fully vaccinated 

population of 10K people where R0 is 1.5 without boosters, a single infection would become an 

outbreak whose size would grow increasingly quickly until 10K*(1-1/R0) = 3300 people were 

infected, and the number ultimately infected would be even larger. In contrast, with boosters, a 

single infection would bring R0 below 1 (the threshold below which viral spread is contained) and 

only 1/(1-0.5*R0) = 4 people would be infected. In this example, a 50% reduction in susceptibility 

reduces cases by more than 825x. Essentially, in populations whose unboosted R0 is large but 

not too large, boosters can be enough to prevent large outbreaks. 

Analysis Details 

We estimate the effectiveness of mRNA COVID-19 booster shots against Omicron variant 

infections.  

 

S-gene dropout, a marker of the Omicron variant, was first discovered in a positive sample on 

12/1/2021. Subsequent whole genome sequencing confirmed the presence of the Omicron 

variant on samples with S-gene dropout. On 12/11/2021, 89.1% of the 175 positive samples 

identified on campus presented the S-gene dropout genotype. As such, in our study, we explore 

https://www.sciencedirect.com/science/article/pii/S266677622100185X?via%3Dihub
https://www.medrxiv.org/content/10.1101/2021.12.20.21267966v2.full.pdf
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https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1042367/technical_briefing-31-10-december-2021.pdf
https://pubmed.ncbi.nlm.nih.gov/34529476/
https://www.biorxiv.org/content/10.1101/2021.12.14.472719v3
https://pubmed.ncbi.nlm.nih.gov/34879188/


the positive cases identified during the period of 12/5/2021 to 12/31/2021 (referred to as the 

“Omicron period”), in which we consider the Omicron variant to be the dominant strain.  

Data Summary 

We investigate a total of 18,102 Cornell students fully vaccinated with Pfizer-BioNTech (“Pfizer”), 

Moderna, or Johnson & Johnson/Jensen (“J&J”) vaccines that were PCR tested at least once 

during the Omicron period. Among these students, 2,352 received their booster shots on or before 

12/5/2021. We note the following: 

● We do not distinguish the type of booster shot (i.e. whether the booster shot is Pfizer or 

Moderna) in our analysis. 

● Our booster data is based on vaccination records uploaded by students in the dailycheck 

portal. Although we believe this data is a good proxy for the booster vaccination status of 

the students during the Omicron period, not everyone who was boosted uploaded their 

vaccination record. This may lead to potential confounding in two directions: people who 

are more careful are both more likely to upload their card and more likely to take 

precautions that prevent them from contracting COVID-19, which leads to an 

overestimation of booster effectiveness. On the other hand, people who are boosted are 

sometimes included in the "not boosted" part of the data, which leads to an 

underestimation of booster effectiveness. 

 

Table 1 summarizes the number of students, the number of positive cases and the infection rate 

during the Omicron period, broken out by their booster status. During the Omicron period, a total 

of 2,069 positive cases were identified and reported, 125 of which received their mRNA booster 

shots on or before 12/5/2021. The overall Omicron variant infection rate among students that 

received booster shots on or before 12/5/2021 is 0.053, whereas the infection rate among 

students that did not is 0.123. 

 

Table 1: Number of students and positive cases during the Omicron period (12/5/2021 to 

12/31/2021), broken out by booster status. 

Vaccination status # Students # Positive cases Infection risk 

Fully vaccinated and received a booster 

shot on or before 12/5/2021 2,352 125 5.3% 

Fully vaccinated and did not receive a 

booster shot on or before 12/5/2021 15,750 1,944 12.3% 

Total 18,102 2,069 11.4% 

 

 

Model and Covariates 

While Table 1 is consistent with the hypothesis that booster shots substantially reduce the 

infection rate among fully vaccinated students, a careful estimate of boosters’ effectiveness 



should account for a number of details: some students received their booster shots during the 

Omicron period, before these boosters would have become fully effective; students who left 

campus after the semester ended (but still during the Omicron period) would have been less likely 

to be infected while at Cornell simply because they spent fewer days at Cornell; and there may 

be covariates correlated both with the choice to get a booster and behavior leading to infection. 

We provide a regression analysis below accounting for these details. 

 

In our analysis, we use logistic regression where the dependent variable is whether a student 

tests positive for COVID-19 on a particular day, and the independent variable is a binary variable 

describing whether or not that student received a booster shot at least 7 days before that day. 

The number of person-days contributed by each student is the number of days between 12/5/2021 

and either their last test date or their first positive test date, whichever comes first. We additionally 

control for several confounding variables, described below. 

 

The use of person-days as the unit of analysis allows consideration of data in which different 

students spent different numbers of days at Cornell. At the same time it has several limitations. 

First, different people take different amounts of risk in their behavior. This level of risk is likely to 

be correlated over time, and is only partially controlled for by the covariates we control for. At the 

same time, our analysis assumes that observations are independent across days. 

 

Second, people who spend more time at Cornell tend to have more tests. Because of false 

negatives, more tests imply a larger chance of detecting an infection. We do not control for the 

number of tests. Thus, there is a potential that an increased chance of observing an infection 

resulting from more tests masks itself as an increased risk of having an infection from being 

present at Cornell for more time. 

 

We plan additional analyses, for example using Poisson regression with an offset, or logistic 

regression with random effects, to address these limitations. We present our current analysis 

despite these limitations in an effort to provide timely information to the broader community. 

 

Although a person is considered to be fully vaccinated 14 days after their last dose in the initial 

vaccination (i.e., 2nd dose of Pfizer or Moderna, 1st dose of J&J), reports have shown that 

boosters may become effective much faster than 2 weeks after the receipt of the shots.  (See, 

e.g., [link]). Hence, in our main analysis, we consider a person as having been fully boosted on a 

given day if at least 7 days have elapsed since the person received the booster shot. We also 

perform a sensitivity analysis on the choice of this delay (varied from 0 days to 14 days), finding 

that our estimates are robust to the choice of this delay parameter. Table 2 summarizes the 

numbers of person-days and positive cases, broken out by booster status (i.e. whether an 

individual received a booster at least 7 days before a particular day). 

 

 

 

 

https://www.healthline.com/health-news/booster-shots-and-declining-effectiveness-of-covid-19-vaccines-what-to-know


Table 2: The numbers of person-days and positive cases during the Omicron period (12/5/2021 

to 12/31/2021), broken out by booster status. 

Received a booster at least 7 days 

before a particular day # Person-days # Positive cases 

Incidence rate (# positive 

cases / person day) 

Yes 26,562 132 0.5% 

No 158,516 1,937 1.2% 

Total 185,078 2,069 1.1% 

 

To control for confounding we control for the following covariates in our analysis: 

● Student group, broken into 7 groups:  

○ Undergraduate students affiliated with Greek-life organizations (“UG-greek”) 

○ Undergraduate varsity athletes that have no affiliation with Greek-life organizations 

(“UG-athlete”) 

○ Other undergraduate students (“UG-other”) 

○ Graduate students (“GR”) 

○ Professional students in the law school (“LA”) 

○ Professional students in the business school (“GM”) 

○ Professional students in the college of veterinary medicine (“VM”) 

● Vaccine 1st dose date: whether 1st dose received is before or after 2021-04-16: 0 (before), 

1 (on or after) 

● Original vaccine type: Pfizer, Moderna or J&J 

 

We do not include age or calendar week in the covariates because:  

● The subjects of interest are college/graduate students, most of whom are 18-30 years  of 

age; 

● The time period of interest is less than 4 weeks in length. 

 

Table 3 describes the distribution of our data by the above covariates.  

 

 

 

  



Table 3: Distribution of data by student group, vaccine first dose date and initial vaccine type. 

 # person days (percentage) # positive cases (percentage) 

Student group   

UG-greek 20,310 (11.0%) 459 (22.2%) 

UG-athlete 8,841 (4.8%) 188 (9.1%) 

UG-other 102,226 (55.2%) 1,135 (54.9%) 

GR 33,853 (18.3%) 153 (7.4%) 

LA 6,436 (3.5%) 24 (1.2%) 

GM 6,160 (3.3%) 95 (4.6%) 

VM 7,252 (3.9%) 15 (0.7%) 

Vaccine first dose date   

0 (before 4/16/2021) 129,608 (70.0%) 1,528 (73.9%) 

1 (on or after 4/16/2021) 55,470 (30.0%) 541 (26.1%) 

Initial vaccine type   

Pfizer 122,465 (66.2%) 1,386 (67.0%) 

Moderna 53,758 (29.0%) 567 (27.4%) 

J&J 8,855 (4.8%) 116 (5.6%) 

Total 185,078 (100.0%) 2,069 (100.0%) 

Regression Analysis 

We perform a logistic regression to estimate the effect of receiving a booster shot on contracting 

the Omicron variant, controlling for the student group, vaccine first dose date, and initial vaccine 

type. In standard notation (see, e.g., Madsen 2012), this regression specification is: 

𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 ∼ 1 + 𝐶(𝑏𝑜𝑜𝑠𝑡𝑒𝑟) + 𝐶(𝑠𝑡𝑢𝑑𝑒𝑛𝑡 𝑔𝑟𝑜𝑢𝑝) + 𝐶(𝑓𝑖𝑟𝑠𝑡 𝑑𝑜𝑠𝑒 𝑑𝑎𝑡𝑒) + 𝐶(𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑎𝑐𝑐𝑖𝑛𝑒 𝑡𝑦𝑝𝑒). 

Table 4 summarizes the results of the logistic regression above. The coefficient 𝛽 associated with 

the independent variable “booster” is -0.780 and is statistically significant. We use the following 

formula to estimate the effectiveness of a booster shot against Omicron, i.e. the reduction in the 

odds of infection: 

𝑏𝑜𝑜𝑠𝑡𝑒𝑟 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 = 1 −  𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑜𝑑𝑑𝑠 𝑟𝑎𝑡𝑖𝑜 =  1 −  𝑒𝑥𝑝(𝛽). 

This yields a booster effectiveness estimate of 54%. The 95% confidence interval for booster 

effectiveness is [45%, 62%]. 

http://www.imm.dtu.dk/~hmad/GLM/Slides_2012/week01/Model_specifications_in_R.pdf


The coefficients corresponding to the initial vaccine type are not statistically significant (both 

having p-values larger than 0.05), indicating that the correlation between infection and initial 

vaccine type is not statistically significant. Hence, we drop the “initial vaccine type” covariate and 

perform the same logistic regression, whose regression specification is: 

𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 ∼ 1 + 𝐶(𝑏𝑜𝑜𝑠𝑡𝑒𝑟) + 𝐶(𝑠𝑡𝑢𝑑𝑒𝑛𝑡 𝑔𝑟𝑜𝑢𝑝) + 𝐶(𝑓𝑖𝑟𝑠𝑡 𝑑𝑜𝑠𝑒 𝑑𝑎𝑡𝑒). 

The regression results are summarized in Table 5. We observe that all coefficients are statistically 

significant. In particular, the coefficient for covariate “booster” is -0.759, which is close to the 

coefficient -0.780 when we included the “initial vaccine type” as one of the covariates. This 

suggests that our estimate of booster shot effectiveness is robust. The coefficient of -0.759 

corresponds to a booster shot effectiveness of 53% (95% CI: [44%, 61%] ).  

 

We further perform a sensitivity analysis on the delay assumed after a booster shot before a 

person is considered to be fully boosted. We vary this delay from 0 days to 14 days and run the 

logistic regression analysis controlling for the student group, vaccine first dose date, and initial 

vaccine type. Figure 2 shows the estimated booster effectiveness against Omicron, with respect 

to different delays. The estimated booster effectiveness is consistently above 45%, suggesting 

that our estimate of booster effectiveness is robust.  

 

Table 4: Summary of the logistic regression with covariates for student group, vaccine first dose 

date, and initial vaccine type. 

Variable β S.E. p-value 

adjusted 

odds ratio 

95% CI for 

OR 

Booster (ref = 0)      

1 -0.780 0.092 0.000 0.46 [0.38,0.55] 

Student group (ref = UG-other)      

UG-greek 0.681 0.057 0.000 1.98 [1.76,2.21] 

UG-athlete 0.646 0.080 0.000 1.91 [1.63,2.24] 

GR -0.816 0.088 0.000 0.44 [0.37,0.53] 

LA -1.111 0.211 0.000 0.33 [0.22,0.50] 

GM 0.401 0.107 0.000 1.49 [1.21,1.85] 

VM -1.590 0.253 0.000 0.20 [0.12,0.34] 

Vaccine first dose date (ref = 0)      

1 -0.270 0.052 0.000 0.76 [0.69,0.85] 

Original vaccine type (ref = Pfizer)      

Moderna -0.081 0.050 0.107 0.92 [0.83,1.02] 

J&J 0.094 0.099 0.343 1.10 [0.90,1.34] 



Table 5: Summary of the logistic regression with covariates for student group and vaccine first 

dose date. 

Variable β S.E. p-value 

adjusted 

odds ratio 

95% CI for 

OR 

Booster (ref = 0)      

1 -0.759 0.092 0.000 0.47 [0.39,0.56] 

Student group (ref = UG-other)      

UG-greek 0.690 0.056 0.000 1.99 [1.78,2.23] 

UG-athlete 0.661 0.080 0.000 1.94 [1.65,2.27] 

GR -0.810 0.087 0.000 0.44 [0.37,0.53] 

LA -1.111 0.212 0.000 0.33 [0.22,0.50] 

GM 0.339 0.108 0.000 1.40 [1.13,1.74] 

VM -1.616 0.258 0.000 0.20 [0.12,0.33] 

Vaccine first dose date (ref = 0)      

1 -0.262 0.051 0.000 0.77 [0.69,0.85] 

 

 
Figure 2: Mean and 95% CI for the booster effectiveness against Omicron, with respect to different 

assumed delays for the booster shot to become effective.  
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