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Background: With the introduction of COVID-19 vaccines, many colleges and universities decided to man- 

date vaccination for all students and employees. The objective of this paper is to empirically investigate 

the effect of the mandate policy on Fall 2021 COVID-19 cases in institutions of higher education. 

Method: We construct a unique dataset of a sample of 94 colleges and universities in the east and south- 

east regions of the United States, 41 of which required vaccination prior to Fall 2021. A difference-in- 

differences analysis is conducted, considering vaccine requirement as a policy implemented only in a 

sub-group of these institutions. We control for several factors, including state-level case per capita and 

student population. 

Results: Our analysis shows that mandatory vaccination substantially decreased cases in institutions of 

higher education by 1,473 cases per 10 0,0 0 0 student population (95 CI: 132, 2813). 

Conclusions: The results suggest that a COVID-19 vaccine requirement is an effective policy in decreasing 

cases in such institutions, leading to a safer educational experience. 

© 2022 The Author. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Colleges and universities have continuously faced a tension 

etween keeping students safe from COVID-19 and offering a 

leasant and interactive educational service ( Frazier et al., 2022 ; 

haffarzadegan et al., 2021 ; Paltiel, 2021 ). With the advent of vac- 

ines, there was increasing hope that institutions of higher edu- 

ation could return to their in-person mode of operation in Fall 

021 and offer a more rewarding educational experience ( Paltiel & 

chwartz, 2021 ). While no one expected that all students and em- 

loyees would voluntarily take the vaccines ( Poehling et al., 2012 ), 

t was hoped that a large majority would be fully vaccinated by 

he beginning of the Fall semester. Many institutions encouraged 

tudents to become fully vaccinated, and several went even further 

nd instituted stricter policies mandating vaccination ( Hodge et al., 

022 ). 

The institutional risks and benefits of a vaccine mandate policy 

ere unclear at the time. Several state institutions in the United 

tates decided to “encourage” rather than “require” the vaccines 

 Moody, 2021 ); others made the requirement contingent on the 

DA’s full approval ( Moody, 2021 ) of the vaccines (they were ini- 
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ially given “emergency authorization” for use by the FDA), which 

elayed vaccination by several months for many students and 

taff. While studies have looked at institutional factors that ex- 

lain whether or not universities adopted the policy to mandate 

 Gostin et al., 2021 ; Hodge et al., 2022 ), an important question is

hether mandates decreased Fall 2021 cases of COVID-19. 

While there have been a number of case-based modeling 

tudies of the spread of the virus in higher education set- 

ings ( Frazier et al., 2022 ; Ghaffarzadegan, 2021 ; Gressman & 

eck, 2020 ; Yu et al., 2021 ), a clear answer to the question requires

 large-scale examination beyond a single institution. Our study 

ddresses this question with a sample of 94 colleges and univer- 

ities in the east and southeast regions of the United States. Our 

tudy shows that mandating vaccination substantially decreased 

OVID-19 cases by an average of 1,473 per 10 0,0 0 0 student pop- 

lation (95% CI: 132, 2813). 

ethods 

We study the effect of mandates on cumulative cases over a 

ull semester normalized to student population. A difference-in- 

ifferences analysis is conducted considering a vaccine require- 

ent as a policy implemented only in a sub-group of institutions. 

he method is chosen due to its simplicity and flexibility, and the 

act that it helps to get closer to exploring causal effects. By com- 
y for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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Table 1 

Regression results for the impact of required vaccination on COVID-19 cases at 

colleges and universities. DV: Cumulative cases per 10 0,0 0 0 student population 

over a full semester (Spring 2021 and Fall 2021) 

Model 1 Model 2 Model 3 

Main independent variables 

F21 (Fall 2021) 827 ∗ 827 ∗ 727 

(468) (424) (697) 

R (Required Vaccination) 298 830 ∗ 1,333 ∗∗

(501) (466) (538) 

F21 ∗R (the coefficient of interest) -1,522 ∗∗ -1,522 ∗∗ -1,473 ∗∗

(708) (642) (679) 

Institution-level control 

Historical Cases (F20) 0.33 ∗∗∗ 0.26 ∗∗∗

(0.05) (0.06) 

Student Population -0.03 ∗∗∗ -0.02 ∗

(0.01) (0.01) 

State-level control 

State cases per capita 0.04 

(0.24) 

State Fixed Effect Yes 

Intercept 3,344 ∗∗∗ 2,241 ∗∗∗ 2,005 ∗∗∗

(331) (412) (773) 

R-Squared 0.03 0.22 0.31 

Adjusted R-squared 0.02 0.19 0.25 

F 2.18 ∗ 10.00 ∗∗∗ 4.91 ∗∗∗

Observations 188 188 188 

Note: ∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01; Standard errors are in parentheses below co- 

efficient estimates; DV: Dependent variable; DV is cumulative cases per 10 0,0 0 0 

student population. 
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aring the two groups of treatment and control (in our study, in- 

titutions that mandate COVID-19 vaccination versus others), and 

ontrolling for cross-observational variations, the method explores 

he difference between the groups, before and after policy imple- 

entation. Furthermore, to address the limitations of our data and 

tudy design (limitations are discussed at the end of the paper) 

e supplement the primary analysis with several other statistical 

odels for robustness check. 

ata 

Since there are no comprehensive data available, we construct 

 dataset from multiple sources. We focus on 10 distinct states 

n the U.S. east and southeast regions to minimize the effects 

f regional heterogeneities in our dataset. These include Georgia, 

aryland, North Carolina, Ohio, Pennsylvania, South Carolina, Ten- 

essee, Virginia, West Virginia, and the District of Columbia. A re- 

earch assistant, blind to the research hypothesis, was asked to se- 

ect about 100 colleges and universities with two main constraints: 

hey should have student populations of 1,0 0 0 or more and pub- 

icly accessible COVID-19 dashboards tracking cases within their 

tudent population. 

Student populations were found by an online search of the most 

ecent available data, often from institution websites, U.S. News & 

orld Report rankings, and Wikipedia pages. For the vaccine re- 

uirement policy, we used archival data on all college and uni- 

ersity websites and their date of implementation to differenti- 

te institutions that required vaccination for registration for Fall 

021. Of our final sample of 94 institutions, 41 required vaccination 

rior to attending Fall 2021 semester classes, and 9 institutions re- 

uired vaccination after the FDA’s full approval of the Pfizer vac- 

ine, which resulted in delaying full vaccination until the middle 

f the semester or later. 

We constructed a dataset for this list of institutions from dif- 

erent sources. For Fall 2021 case data, we used the colleges’ and 

niversities’ COVID-19 dashboards. Several universities remove or 

pdate their dashboard after each semester. Thus, for previous 

emesters, we used the New York Times online tracking of higher 

ducation cases in 2020–21 1 . Sources for New York Times data 

re universities. However, to assure consistency, we also manually 

ompared past cases of universities with available archival data 

ith the New York Times dataset. The data were consistent. Cu- 

ulative cases (over a semester) per 10 0,0 0 0 student population 

as used as the dependent variable. For several of the institutions, 

ut not all, total tests for Fall 2021 were also available; these were 

ncluded in our dataset. 

More details about the sample, including our method for deter- 

ining institutions’ vaccination requirement policies, are provided 

n the online supplementary. Table S1 in the supplementary re- 

orts summary statistics. 

pproach 

The main analysis in this study is a difference-in-differences 

nalysis that follows equation 1: 

 i, j = β0 + β1 · F 21 j + β2 · R i + β3 ·
(
F 21 j · R i 

)
+ β4 · C i, j (1) 

here I i, j is the number of cases in institution i , over 

emester j, per 10 0,0 0 0 student population, and where j = 

 Spring 2021 , Fall 2021 } . In other words, since the number of cases 

n colleges and universities of different populations naturally differ, 

ur dependent variable is cumulative cases (over a full semester) 

er 10 0,0 0 0 student population. F 21 j is equal to 1 for Fall 2021
1 https://www.nytimes.com/interactive/2021/us/college- covid- tracker.html , Last 

pdated May 26, 2021 

p

t

e

42
atapoints, and zero otherwise, and R i is 1 for an institution i if it 

andated a vaccine prior to the start of Fall 2021. In this model, 

ur main focus is on β3 which will represent the effect of requir- 

ng vaccination while β2 captures other differences between the 

wo groups of institutions, and β1 controls for the secular trend. 

n this equation, C i, j includes all covariates, such as state-level case 

er capita and student population. Additional analyses are offered 

o check the robustness of the results. 

esults 

Our initial investigation confirms that COVID-19 vaccination 

ates were higher in institutions that mandated it. Among univer- 

ities that reported their vaccination rate on their COVID-19 dash- 

oards, the average rate for ones that mandated vaccination was 

.95 (standard deviation = 0.05). In contrast, average vaccination 

ate of those that did not mandate it reached 0.75 (0.12) by the 

nd of the Fall semester (0.77 (0.13) if we include ones that man- 

ated around the middle of the semester). This is not a surprise 

iven that in universities that mandated vaccination, students that 

id not provide evidence for religious or medical exemptions were 

ften disenrolled. For example, Virginia Tech and University of Vir- 

inia disenrolled 134 and 238 unvaccinated students in Fall 2021 

espectively. 2 

Average Spring and Fall 2021 cases (per capita) in institutions of 

igher education that required vaccination (the treatment group) 

ere 3,642 and 2,947, respectively. Among others (the control 

roup), the same measures were 3,344 and 4,171 cases. We com- 

ared cases (per 10 0,0 0 0 student population) of the control and 

reatment groups in Spring 2021 (prior to the mandate) and, as 

xpected, observed no statistically significant difference. 

https://www.nytimes.com/interactive/2021/us/college-covid-tracker.html
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Table 2 

Regression results for the impact of required vaccination on COVID-19 cases at col- 

leges and universities (per 10 0,0 0 0 student population), considering those that re- 

quired vaccination after the beginning of the Fall semester. 

Model 1 Model 2 Model 3 

Main independent variables 

F21 (Fall 2021) 1,023 ∗∗ 1,023 ∗∗ 857 

(500) (452) (683) 

R’ (Duration of vaccine requirement) 435 951 ∗∗ 1,600 ∗∗∗

(521) (482) (535) 

F21 ∗R’ (the coefficient of interest) -1,777 ∗∗ -1,777 ∗∗∗ -1,709 ∗∗

(737) (667) (676) 

Institution-level control 

Historical Cases (F20) per population 0.33 ∗∗∗ 0.26 ∗∗∗

(0.05) (0.06) 

Student Population -0.03 ∗∗∗ -0.02 ∗

(0.01) (0.01) 

State-level control 

State cases per capita 0.07 

(0.23) 

State Fixed Effect Yes 

Intercept 3,264 ∗∗∗ 2,146 ∗∗∗ 1,720 ∗∗

(353) (425) (759) 

R-Squared 0.04 0.22 0.32 

Adjusted R-squared 0.02 0.20 0.26 

F 2.51 ∗ 10.36 ∗∗∗ 5.45 ∗∗∗

Observations 188 188 188 

Note: ∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01; Standard errors are in parentheses below coef- 

ficient estimates; DV: Dependent variable. DV is cumulative cases per 10 0,0 0 0 stu- 

dent population. R’ is the duration of vaccine requirement (unit: a semester; R’ = {0, 

0.5, 1}). 

Table 3 

Robustness of results to controlling number of tests in Fall 2021. DV: COVID-19 

cases per 10 0,0 0 0 student population in Fall 2021. 

Model 1 Model 2 

F20 Cases per population .19 ∗∗∗ .17 ∗∗

(.07) (.07) 

S21 Cases per population .17 ∗∗ .23 ∗∗∗

(.08) (.09) 

R (Required Vaccination) -1,014 ∗∗ -1,119 ∗∗

(405) (450) 

Student Population -.029 ∗ -.035 ∗∗

(.015) (.016) 

F21 Tests per population .0019 ∗∗∗

(.0005) 

Intercept 3,115 ∗∗∗ 2,629 ∗∗∗

(440) (475) 

R-Squared .28 .43 

Adjusted R-squared .25 .39 

Observations 94 69 

Note: ∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01; Standard errors are in parentheses below 

coefficient estimates; DV: Dependent variable. 
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Table 1 shows the results of our analysis using equation 1 with 

ifferent control variables. Model 1 depicts that the coefficient 

f interest is large and statistically significant: about 1,522 (per 

0 0,0 0 0 student population) fewer cases in universities that man- 

ated vaccination. The results are robust controlling for institu- 

ional factors (model 2). Multicollinearity is not a concern in the 

odel (F21, VIF = 2.6; R, VIF = 2.3; F21 ∗R, VIF = 3.1; F20, VIF = 2.2;

tudent population, VIF = 2.1). Using different measures to control 

or variation across the states, the results remain statistically sig- 

ificant and large (p = .032). Interestingly, in model 3 state cases are 

ot associated with university cases. Overall, as models 1–3 con- 

istently show, mandatory vaccination substantially decreased the 

umber of cases. 

In addition, cases per student population declined by student 

opulation, possibly indicating that, on average, larger institutions 

mplemented more effective policies and thus experienced rela- 

ively lower case rates. 

obustness check 

Additional analyses show that the policy effect becomes statis- 

ically and size-wise stronger if we include the marginal effect of 

he policy in institutions of higher education that required vacci- 

ation by mid-semester, after the FDA’s full approval. To that end, 

e consider the fact that some colleges and universities required 

accination by the middle of the semester or later. This can po- 

entially influence the results, and we expect to see a stronger 

ffect of mandating vaccination. To test, we run a difference-in- 

ifferences analysis with continuous treatment. The model is simi- 

ar to equation 1 , replacing R with R ′ , the latter being “duration of

he vaccine requirement” with the unit of a semester. Specifically, 

 ′ for institutions that required vaccination before the beginning of 

he semester was 1; R ′ for those that set their due date for after

he semester began (often mid-October or mid-November which is 

round the middle of the Fall semester) was set at 0.5; and for the 

est, R ′ was set at 0. The results reported in Table 2 are consistent

ith and even stronger (-1,709 cases; 95% CI: -374, -3044) than the 

ain analysis. They are also statistically more significant (p = .012), 

hich was expected. 

Furthermore, in a supplementary analysis, we compare college 

nd university cases and control for test frequency across the 

niversities. While we expect that variation across institutions is 

ainly captured by the covariates of R (Required) and Fall 2020 

ases (per 10 0,0 0 0 student population), controlling for the test fre- 

uency (per 10 0,0 0 0 student population) helps make sure that the 

bserved effect of requiring vaccination is not due to a change in 

he number of tests. 

We conduct two examinations. First, we compare the average 

umber of tests (per 10 0,0 0 0 student population) among colleges 

nd universities that require vaccination with ones that did not re- 

uire it. We find that tests were more frequent in institutions that 

equired vaccination (p < .05), and thus a decline in case rates is not 

ue to lower test rates. We then control for test frequency (per 

0 0,0 0 0 student population) in a regression model of cumulative 

ases over a full semester. Since test numbers were available for 

nly 69 institutions and only for Fall 2021, we can only check the 

ssociation between requiring vaccination in institution i and Fall 

021 cases per 10 0,0 0 0 population ( I i, F 21 ), controlling for the num-

er of tests per 10 0,0 0 0 student population ( T i,F 21 ). Specifically, we

un the following regression: 

 i, F 21 = β0 + β1 · I i,F 20 + β2 · I i,S20 + β3 · R i + β4 · T i,F 21 + β5 · C i (2) 
2 https://www.forbes.com/sites/jemimamcevoy/2021/09/01/ 

irginia- tech- disenrolls- 134- unvaccinated- students- as- colleges- begin- cracking- 

own- on- covid- violations and https://www.cnn.com/2021/08/20/us/ 

va- disenrolling- students- vaccine 

fi

i

c

d

43 
In this model, all cumulative case values are per 10 0,0 0 0 stu- 

ent population. Here, we are mainly interested in β3 . Table 3 

hows the results, and the coefficient of interest is statistically sig- 

ificant (p = .016). Furthermore, the Fall 2021 test rate (per 10 0,0 0 0

tudent population) is positively correlated with the case rate 

p < .01), and thus more tests did result in a greater number of 

identified) cases. The results show that even though colleges and 

niversities that required vaccination had a higher test frequency 

oo, the observed decline in their cases is not due to the effect of 

ore tests. Note that in this supplementary analysis, the sample 

ize drops to include only institutions that have reported their test 

gures for Fall 2021. 

Finally, we would like to make sure that the effect of the pol- 

cy on cases is via increasing vaccination rate. As stated, the data 

onfirm that vaccination rate was higher among schools that man- 

ated vaccination (p < .01). To examine whether the effect of the 

https://www.forbes.com/sites/jemimamcevoy/2021/09/01/virginia-tech-disenrolls-134-unvaccinated-students-as-colleges-begin-cracking-down-on-covid-violations
https://www.cnn.com/2021/08/20/us/uva-disenrolling-students-vaccine
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Table 4 

Robustness of results to controlling vaccination rate in Fall 2021. DV: COVID-19 

cases per 10 0,0 0 0 student population in Fall 2021. 

Model 1 Model 2 Model 3 

F20 Cases per population .19 ∗∗∗ .18 ∗ .18 ∗

(.07) (.10) (.10) 

S21 Cases per population .17 ∗∗ .09 .10 

(.08) (.10) (.10) 

R (Required Vaccination) -1,014 ∗∗ -641 

(405) (694) 

Vaccination rate -6495 ∗∗∗ -4948 ∗

(2060) (2657) 

Student Population -.029 ∗ -.012 -.016 

(.015) (.021) (.022) 

Intercept 3,115 ∗∗∗ 7956 ∗∗∗ 6994 ∗∗∗

(440) (1874) (2146) 

R-Squared .28 .39 .40 

Adjusted R-squared .25 .33 .33 

Observations 94 49 49 

Note: ∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01; Standard errors are in parentheses below coef- 

ficient estimates; DV: Dependent variable. 
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andate on cases is via increasing vaccination rates, we run a sim- 

lar test to model 1 of Table 3 (repeated as model 1 of Table 4

or the purpose of comparison), once replacing the mandate pol- 

cy variable with the vaccination rate (model 2 in Table 4 ) and 

nce with including the rate and the policy together (model 3 in 

able 4 ). We expect that as the policy’s effect should be via in-

reasing vaccination, in model 2 vaccination rate should demon- 

trate a negative effect on cases, and in model 3 it should wipe- 

ut the effect of the policy. The results confirm our expectations. In 

odel 2 the effect of vaccination rate is significant (p = .003). In ad- 

ition, in model 3 the effect of vaccination rate remains strong and 

tatistically significant (p = .07) while as expected the effect of the 

olicy disappears after controlling for the vaccination rate (p = .32). 

verall, even though the sample size is declined to the ones that 

eport vaccination rates, the observed pattern confirms that the ef- 

ect of the policy on cases is via increasing vaccination rates. 

iscussions 

Abundant evidence exists for the effectiveness of COVID-19 

accines and the need for continuous investment in vaccines 

 Gupta et al., 2021 ; Paltiel, Schwartz, et al., 2020 ). However, vac-

ines are effective only if people take them and, from a policy 

tandpoint, we should look for ways to increase vaccination rates. 

his study provides empirical evidence for the effect of mandating 

accines in colleges and universities. The findings of this study sug- 

est that the incremental increase in vaccination rate that institu- 

ions of higher education are gaining from mandating vaccination 

an substantially decrease the number of cases and consequently 

esult in a safer educational environment. Our findings imply that 

ore institutions should require COVID-19 vaccination and boost- 

rs in the upcoming semesters. 

Overall, this report provides the first empirical evidence 

or several past simulation studies ( Paltiel & Schwartz, 2021 ; 

haffarzadegan, 2022 ) showing that achieving a high vaccination 

ate is an important policy tool for the administrations of in- 

titutions of higher education. While institutions of higher edu- 

ation have benefited from several other policies ( Larson et al., 

020 ; Nourinejad et al., 2021 ) including higher test frequencies 

 Paltiel et al., 2020 ; Schultes et al., 2021 ), and it is difficult to

eparate the effect of the mandates from other policies in corre- 

ational studies, our difference-in-differences method controls for 

he historical trends for each university and isolates Fall 2021 pol- 

cy changes from other policies that were in place before Fall 2021. 

oreover, it is likely that institutions with such high vaccination 
44 
evels had a lower risk perception, leading to more interactions; 

hus, our estimation points to a lower bound effect of mandating 

accination. 

This paper has several limitations that are avenues for future 

esearch. Obtaining individual-level data and a larger sample of 

niversities, gathering test frequency data before and after the in- 

ervention, and tracking cases during summer semesters to im- 

rove cross-university comparison are some of the potential ex- 

ensions. Future studies should also examine several related be- 

avioral factors that influence individuals’ change in risk percep- 

ion and willingness to vaccinate ( Rahmandad et al., 2022 ). Com- 

on methodological assumptions such as consistent trends across 

niversities, while consistent with our intuitions, are still strong 

ssumptions, and given the lack of data on summer semesters are 

ard to fully confirm. In addition, policy changes in institutions, af- 

er the Spring semester and before the Fall semester, that might be 

idden to the researcher, may have influenced the results. How- 

ver, our robustness analyses provide additional supports for the 

ain argument of the paper, and especially show that the ob- 

erved effect of the policy is very likely to be via increasing vac- 

ination rates. Nevertheless, we invite other methodological ap- 

roaches (e.g., Darabi & Hosseinichimeh, 2020 ) including studies 

hat directly work with stakeholders (here students, faculty, staff, 

nd administration) ( Wilkerson et al., 2020 ) to shed more lights 

n this institutional, health policy challenge. 

Keeping students and employees safe from COVID-19 is going to 

e a major responsibility in higher education in the years to come 

 Paltiel, 2021 ), and operational challenges will continue. Several in- 

titutions will continue to deal with the tradeoff between health 

nd quality education and will prefer to maintain in-person in- 

truction. Waning immunity ( Goldberg et al., 2021 ) and changes in 

easons and thus temperature ( Xu et al., 2021 ) can lead to higher

ates of the spread of the virus; consequently, proactive institu- 

ional policies should be in place. The results of this study support 

 policy framework of “requiring,” rather than simply “encourag- 

ng,” vaccination at colleges and universities. 
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