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Objectives. To assess the effectiveness of vaccine-induced immunity against new infections, all-cause

emergency department (ED) and hospital visits, and mortality in Indiana.

Methods. Combining statewide testing and immunization data with patient medical records, we

matched individuals who received at least 1 dose of severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2) vaccines with individuals with previous SARS-CoV-2 infection on index date, age, gender,

race/ethnicity, zip code, and clinical diagnoses. We compared the cumulative incidence of infection,

all-cause ED visits, hospitalizations, and mortality.

Results.We matched 267847 pairs of individuals. Six months after the index date, the incidence of

SARS-CoV-2 infection was significantly higher in vaccine recipients (6.7%) than the previously infected

(2.9%). All-cause mortality in the vaccinated, however, was 37% lower than that of the previously

infected. The rates of all-cause ED visits and hospitalizations were 24% and 37% lower in the vaccinated

than in the previously infected.

Conclusions. The significantly lower rates of all-cause ED visits, hospitalizations, and mortality in the

vaccinated highlight the real-world benefits of vaccination. The data raise questions about the wisdom

of reliance on natural immunity when safe and effective vaccines are available. (Am J Public Health.

2023;113(1):96–104. https://doi.org/10.2105/AJPH.2022.307112)

S trong and consistent evidence

shows that mRNA vaccines

BNT162b2 and mRNA-1273 and the

Janssen vaccine JNJ-78436735 confer

considerable protection to fully vaccinat-

ed individuals against severe acute

respiratory syndrome coronavirus 2

(SARS-CoV-2) infection, severe illnesses

requiring hospitalization, and mortali-

ty.1–6 However, vaccine effectiveness is

not 100%, and the risk of breakthrough

infections remains, especially with newer

variants.7,8 Furthermore, data and

opinions diverge on the extent of the

waning immunity provided by the mRNA

vaccines.9,10 While a population-based

observational study suggested that im-

munity waned in individuals within 2

months after completing the 2-dose se-

quence of the BNT162b2 vaccine,11 a

randomized clinical trial showed that 6

months after vaccination, the BNT162b2

vaccine’s effectiveness against SARS-

CoV-2 infection remained strong at

higher than 86%; its effectiveness against

the severe disease was 96.7%.12

Natural immunity induced by SARS-

CoV-2 infection also protects against

reinfection. Systematic reviews of

immunological evidence suggested

that SARS-CoV-2–specific immunity

appeared soon after infection.13,14

Extensive observational studies con-

firmed the significantly reduced risk for

subsequent infection by more than

80% for at least 6 to 12 months in indi-

viduals with previous infection.15–17

Data are mixed on the relative levels of

protection conferred by vaccination

versus infection.18–20 Less understood

is the real-world time course of the pro-

tective effects of previous infection and
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vaccination against new infection acqui-

sition and all-cause mortality and hospi-

talization in persons of different age

groups. Unlike COVID-19–specific out-

comes used by earlier studies, all-cause

emergency department (ED) visits,

hospitalizations, and mortality cover

a broader spectrum of health conse-

quences of the disease.

In this observational cohort study, we

leveraged public health immunization

data and electronic medical record

data from a statewide health informa-

tion exchange and state health depart-

ment to examine the incidence rates of

SARS-CoV-2 infection, all-cause ED visit,

hospitalization, and death in individuals

who had been vaccinated compared

with those with previous infections in a

real-world population.

METHODS

We derived data used in this research

from the Indiana Network for Patient

Care (INPC), one of the largest health

information networks in the United

States.21 Briefly, the INPC is a central

repository of clinical and administrative

health data from 38 health systems

representing 117 hospitals and 18486

physician practices, commercial labora-

tories, and public health departments

across Indiana. At the emergence of

the pandemic, the Indiana Health

Information Exchange expanded the

INPC system to receive daily feeds of

SARS-CoV-2 test results from all state-

wide testing locations and daily death

records through the Indiana State De-

partment of Health and Family Social

Services Administration.22 Further-

more, all COVID-19 vaccine data con-

tained in the Indiana immunization

registry were combined with testing

and outcomes data.

Study Design

We derived the observational study co-

hort from the INPC and the Indiana

statewide testing data. The cohort con-

sisted of matched pairs of vaccine reci-

pients and unvaccinated individuals

with SARS-CoV-2 infections. See Figure

A (available as a supplement to the on-

line version of this article at https://

ajph.org) for a schematic depiction of

the comparison groups. Eligible partici-

pants were Indiana residents aged 12

years or older with at least 1 previously

recorded health care encounter with

the INPC between January 1, 2016, and

February 9, 2022; the requirement of a

previous encounter ensured a more

complete capture of the characteristics

of the study participants. Patient medi-

cal records in INPC and test data were

linked, de-duplicated, and aggregated

using a global algorithm.23 Vaccine data

from the state immunization registry

were imported into the health informa-

tion exchange and integrated with labo-

ratory test data.

Observation of infected participants

started 30 days after the initial infection

and ended at the end of follow-up or

vaccination, whichever came first. Simi-

larly, observation of vaccinated partici-

pants started 30 days after the initial

vaccination and ended with the conclu-

sion of follow-up or infection, whichever

came first. We applied the 30-day time

window of exclusion to both groups to

ensure equal surveillance and

comparability.

Matched Cohorts

A vaccine recipient’s index date was de-

fined as 30 days after the first SARS-

CoV-2 vaccination. In an individual with

a previous SARS-CoV-2 infection, we de-

fined the index date as 30 days after

the initial infection. In both situations,

the initial infection and vaccination

represented the first point of viral ex-

posure, whereas the 30-day window

approximated the time of immunity de-

velopment. We matched each vaccine

recipient with an infected participant

on the index date (1/2 15 days), age,

gender, race/ethnicity, zip code, and

the number of coexisting conditions

that had been identified by the Centers

for Disease Control and Prevention

(CDC) as “conclusive” or “suggestive”

risk factors for severe COVID-19

(https://bit.ly/3gTvA3w; complete lists

of CDC-identified comorbid conditions

also appear in the footnotes to Table 1).

The construction of the matched cohort

is depicted in Figure 1.

Outcome Events of Interest

The primary outcome events of interest

were SARS-CoV-2 infection in those vac-

cinated or reinfection for the previously

infected participants, all-cause ED visits,

hospitalizations, and deaths. All out-

come events in the study were identi-

fied and extracted from the INPC, and

deaths were derived from the State of

Indiana death records.

Statistical Analysis

Before comparing the outcome event

rates, we examined the balance in de-

mographic and clinical characteristics

between the vaccine recipients and in-

fection cases to ensure that the 2

groups were comparable and well

matched. We used survival analyses to

estimate the cumulative incidence rates

of SARS-CoV-2 infection for the vacci-

nated and reinfection for those with

previous infections. We similarly esti-

mated the cumulative rates for hospi-

talization, ED visit, and death.
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The index date (i.e., the time zero)

represented 30 days after the initial

exposure, either to the vaccine or the

virus; protection from vaccine-induced

and naturally acquired immunity

would come after the index date.

Matched pairs were censored when

an infected participant received a

vaccination. Time to mortality that was

not observed before the end of the

observation window, February 9,

2022, was censored (i.e., the patient

TABLE 1— A Study of SARS-COV-2 Infection, Hospitalizations, and Mortality in Vaccinated and Infected
Individuals: Demographic and Clinical Characteristics of the Matched Cohorts on the Index Date,
Indiana, 2020–2022

Vaccinated
(n= 267847)

Unvaccinated With Previous
Infection (n=267847) P

Race, no. (%) > .99

American Indian or Alaska Native 53 (0.0) 53 (0.0)

Asian/Pacific Islander 1684 (0.6) 1 684 (0.6)

Black or African American 21 044 (7.9) 21 044 (7.9)

Multiracial 43 (0.0) 43 (0.0)

Other/unknown 9630 (3.6) 9 630 (3.6)

White 235 393 (87.9) 235 393 (87.9)

Ethnicity, no. (%) < .001

Hispanic or Latino 13 224 (4.9) 16 733 (6.2)

Not Hispanic or Latino 220 367 (82.3) 235 639 (88.0)

Other/unknown 34256 (12.8) 15 475 (5.8)

Gender, no. (%) > .99

Female 155 759 (58.2) 155 759 (58.2)

Male 112 085 (41.8) 112 085 (41.8)

Unknown 3 (0.0) 3 (0.0)

Age, y > .99

Mean (SD) 38.9 (16.4) 38.9 (16.4) .98

Median (IQR) 37 (26–51) 37 (26–51)

12–19, no. (%) 31 454 (11.7) 31 454 (11.7)

20–39, no. (%) 115 511 (43.1) 115 511 (43.1)

40–59, no. (%) 87 199 (32.5) 87 199 (32.5)

60–79, no. (%) 31 249 (11.7) 31 249 (11.7)

80–110, no. (%) 2 434 (0.9) 2 434 (0.9)

CDC “certain” risk scorea

Mean (SD) 0 (0.2) 0 (0.2) > .99

Median (IQR) 0 (0–0) 0 (0–0)

CDC “possible” risk scoreb

Mean (SD) 0.1 (0.3) 0.1 (0.3) > .99

Median (IQR) 0 (0–0) 0 (0–0)

CDC sum risk scorec

Mean (SD) 0.1 (0.4) 0.1 (0.4) > .99

Median (IQR) 0 (0–0) 0 (0–0)

Note. CDC5Centers for Disease Control and Prevention; IQR5 interquartile range; SARS-CoV-25 severe acute respiratory syndrome coronavirus 2.
aCDC “certain” risk score conditions: cancer, chronic kidney disease, chronic obstructive pulmonary disease, heart conditions, sickle cell disease, solid
organ transplant recipient, type 1 diabetes mellitus, type 2 diabetes mellitus.
bCDC “possible” risk score conditions: asthma, cerebrovascular disease, hypertension, immunocompromised state, liver disease, neurologic conditions,
obesity, other respiratory diseases, thalassemia.
cCDC sum risk score: a sum of how many “certain” and “possible” conditions a person was flagged for.
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was alive at the conclusion of the ob-

servation period). Time to infection or

reinfection, ED visits, and hospitaliza-

tion was censored at the time of the

event, at the end of the observation

window, or when the matched individ-

ual was censored, whichever came

first. For vaccine recipients and

individuals with previous infection, we

computed the times from the index

date to the outcome events or cen-

soring. Cumulative incidence rates

All patients in Indiana aged ≥ 12 years
having at least 1 clinical encounter

from Jan 1, 2016–Feb 9, 2022
(n = 7 766 146)

Vaccine recipients:
Vaccinated for COVID-19 on or

before Feb 9, 2022, with no evidence
of prior infection

(n = 2 820 612)

Others:
Neither vaccinated

nor infected
(n = 4 209 340)

Infected individuals:
Infected with COVID-19 between

Nov 29, 2020, and Feb 9, 2022, including
those not vaccinated and those whose

infection was prior to their first
vaccination date

(n = 736 194)

Exclusion applied prior to matching:
• Patients older than 114 years at index date

• Patients with unknown DOB/age
• Patients with no zip code available

(vaccine recipients n = 2 798 709;
infected individuals n = 736 193)

Patients placed into 2-year age bin
(e.g., aged 20–21 years is 1 age bin)

Matching algorithm takes 1 vaccine recipient and compares
it to each infected individual in the same age bin until it

finds a match based on identical zip code, race, sex, number
of certain comorbidities, number of possible comorbidities, 

and index days that are within 15 days of one another

Is a match
found?

No

Yes

Matched pairs
n = 267 847

Not incuded in this analysis
(unmatched vaccine recipients n = 2 530 862;

unmatched individuals with prior
infection n = 468 346

FIGURE 1— Construction of Matched Cohorts of Infected and Vaccinated Individuals: SARS-COV-2 Infection, Hospitali-
zations, and Mortality in Vaccinated and Infected Individuals, Indiana, 2020–2022

Note. DOB5date of birth; SARS-CoV-25 severe acute respiratory syndrome coronavirus 2.
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were calculated as 12ŜðtÞ, where ŜðtÞ
is the estimated survival function. We

used the log-rank test to perform

comparisons of the cumulative inci-

dence rates.

We conducted all analyses with R

software version 4.1.2 (R Foundation

for Statistical Computing, Vienna, Aus-

tria). We considered P values less than

.05 statistically significant.

RESULTS

From the INPC, we identified 2798709

unique vaccine recipients and 736193

individuals with documented SARS-

CoV-2 infection between November

29, 2020, and February 9, 2022. From

these, we matched 267847 vaccine

recipients with the same number of

infected participants (Figure 1). The de-

mographic and clinical characteristics

of the 2 groups of participants are pre-

sented in Table 1.

Infection, All-Cause Care
Utilization, and Death

Cumulative incidence rates of events of

interest were estimated and are pre-

sented graphically in Figure 2. Panel A

shows a significantly higher cumulative

incidence of infection or reinfection in

vaccine recipients than those with pre-

vious infection (P< .001). Six months

after the index date, the cumulative in-

fection rate in the vaccinated was 6.7%

(95% confidence interval [CI]5 6.6%,

6.9%), more than twice the rate in

those with previous infections at 2.9%

(95% CI52.9%, 3.0%).

Figure B (available as a supplement

to the online version of this article at

https://ajph.org) shows that the cumu-

lative incidence of all-cause ED visits

was significantly lower in vaccinated

individuals (P< .001). At 6 months, 6.6%

(95% CI56.5%, 6.7%) of the individuals

with previous infection and 5.0% (95%

CI54.9%, 5.1%) of the vaccinated indi-

viduals had recorded ED visits. Figure C

(available as a supplement to the online

version of this article at https://ajph.

org) shows that the all-cause hospitali-

zation rate was also significantly lower

in the vaccinated (P< .001). Six months

after the index date, 1.9% (95% CI5

1.8%, 1.9%) of the previously infected

individuals and 1.2% (95% CI51.1%,

1.3%) of the vaccinated had recorded

hospitalization. Figure D (available as a

supplement to the online version of

this article at https://ajph.org) shows

that the mortality rate was also signifi-

cantly lower in the vaccinated (P< .001).

Six months after the index date, mortal-

ity rates were respectively 0.51% (95%

CI50.48%, 0.54%) in the previously

infected and 0.32% (95% CI50.29%,

0.34%) in the vaccinated.

Age-Stratified Analysis

We performed additional analyses to

examine the event rates in individuals

of different age groups. Results are pre-

sented in Figures B through F (available

as supplements to the online version of

this article at https://ajph.org). While

similar patterns generally held in all age

strata, the magnitudes of the estimated

incidence rates varied across age

groups. In children aged 19 years or

younger, vaccine effectiveness against

new infections was considerably less

than natural immunity acquired from

earlier infections (Figure B, section A).

Compared with other age groups,

children had the highest incidence

rates of new infections. For instance,

the 6-month cumulative incidence rates

of infection were, respectively, 8.1%

(95% CI57.6%, 8.5%) and 5.2% (95%

CI54.8%, 5.5%) for the vaccinated and

previously infected. Notably, despite

the higher rate of infections observed

in the vaccinated children, at 6 months,

the rate of all-cause ED visits in the vac-

cinated children was significantly lower

(5.0% for the vaccinated [95% CI5

4.6%, 5.3%] vs 6.9% for the previously

infected [95% CI56.5%, 7.3%]). The

rate of all-cause hospitalization was

also lower in the vaccinated (0.3% for

vaccinated [95% CI50.3%, 0.4%] vs

0.6% for the previously infected [95%

CI50.5%, 0.8%]; Figure C, sections B

and C). Mortality rates were extremely

low (<0.1%) in both vaccinated and pre-

viously infected children; the difference

was not statistically significant (P5 .5).

In adults aged 20 to 39 years, rates

of incidence infection were higher

among vaccine recipients (7.8%; 95%

CI57.6%, 8.0%) than persons with pre-

vious infections (3.2%; 95% CI53.0%,

3.3%) at 6 months (Figure C, section A).

However, the 6-month rate of all-cause

ED visit was higher in those with previ-

ous infections (7.6%; 95% CI57.4%,

7.8%) than in the vaccinated (5.4%; 95%

CI55.2%, 5.6%). Similarly, the 6-month

rate of hospitalization was significantly

higher in the previously infected (2.1%;

95% CI52.0%, 2.2%) than the vaccinat-

ed (1.2%; 95% CI51.1%, 1.3%). The

mortality rate was also higher in the

previously infected (0.08%; 95% CI5

0.07%, 0.10%) than the vaccinated

(0.04%; 95% CI50.03%, 0.07%;

Figure C, sections B–D).

In adults aged 40 to 59 years, the

cumulative incidence rate of infections

was higher among the vaccinated

(6.1%; 95% CI55.9%, 6.3%) than

the previously infected (2.2%; 95%

CI52.0%, 2.3%) at 6 months (Figure D,

section A). However, the rate of ED vis-

its was significantly lower in the vacci-

nated (4.6%; 95% CI54.4%, 4.8%) than

the previously infected (5.4%; 95%
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CI5 5.2%, 5.6%). All-cause hospitaliza-

tion rate was also lower in the vaccinat-

ed (1.0%; 95% CI50.9%, 1.1%) as

compared with the infected (1.4%; 95%

CI5 1.3%, 1.5%). All-cause mortality

rate was similarly lower in the vaccinat-

ed (0.2%; 95% CI50.2%, 0.3%) than

in the infected (0.3%; 95% CI5 0.3%,

0.4%; Figure D, sections B–D).

In adults aged 60 to 79 years, the

cumulative incidence of infections was

higher in the vaccinated (3.2%; 95%

CI5 2.9%, 3.5%) than the previously

infected (1.9%; 95% CI51.7%, 2.1%) at

6 months (Figure E, section A, available

as a supplement to the online version

of this article at https://ajph.org). How-

ever, the rate of all-cause ED visits was

lower in the vaccinated (4.6%; 95%

CI54.3%, 4.9%) than the previously

infected (5.7%; 95% CI55.3%, 6.0%).

Rate of all-cause hospitalization was

also lower in the vaccinated (2.4%; 95%

CI52.2%, 2.6%) than in the previously

infected (3.3%; 95% CI53.0%, 3.5%).

All-cause mortality rate was similarly

lower in the vaccinated (1.4%; 95%

CI51.2%, 1.5%) than in the previously

infected (2.2%; 95% CI52.0%, 2.4%;

Figure E, sections B–D).

Finally, in adults aged 80 years or

older, the vaccinated had a lower rate

of hospitalization at 6 months (6.2%;

95% CI5 4.9%, 7.4%) than the previ-

ously infected (7.6%; 95% CI56.3%,

9.0%). All-cause mortality rate was also

lower in the vaccinated (8.7%; 95%

CI57.3%, 10.1%) than the previously

infected (12.9%; 95% CI5 11.2%,

14.5%; Figure F, sections C and D).

DISCUSSION

We compared the incidence rates of

SARS-CoV-2 infections, all-cause ED
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FIGURE 2— Cumulative Incidence Rates, in Vaccine Recipients and Individuals With Previous Infections, of (a) SARS-
CoV-2 Infection or Reinfection, (b) Emergency Department Visit, (c) All-Cause Hospitalization, and (d) Death: SARS-COV-2
Infection, Hospitalizations, andMortality in Vaccinated and Infected Individuals, Indiana, 2020–2022

Note. SARS-CoV-25 severe acute respiratory syndrome coronavirus 2.
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visits, hospitalizations, and deaths in

the vaccinated and previously infected

individuals living in the state of Indiana

by combining medical record data and

comprehensive testing and vaccination

data from a statewide health informa-

tion exchange and the state depart-

ment of health. The analysis included

267847 pairs of vaccine recipients and

individuals with previous infections,

aged between 12 and 110 years,

matched on age, gender, CDC-defined

COVID-19 risk scores, and dates of ini-

tial exposure (to the vaccines or the vi-

rus itself).

The study data showed that vaccina-

tion provided superior protection

against all-cause ED visits, hospitaliza-

tions, and all-cause mortality compared

with the levels of protection conferred

by previous SARS-CoV-2 infections. Pre-

vious studies have shown that mRNA

vaccines are highly effective in prevent-

ing COVID-19–related hospitalizations

and mortality.3,24,25 However, to our

knowledge, no studies have directly

compared the real-world protective

effects of recent (i.e., 6 months) natural

and vaccine-induced immunity against

all-cause mortality and hospitalization

in a statewide population. The study

showed that while people of all age

groups benefited from vaccination, re-

duction in mortality was especially im-

pressive in older adults aged 60 years

or older.

Interestingly, at least in the study

population and at time of this analysis,

natural immunity appears more effec-

tive in preventing new infections, a find-

ing that is also reported in an earlier

observational study.26 Still, the signifi-

cant reductions in all-cause health

events (i.e., 24% reduction in ED visits,

37% reduction in hospitalization, and

37% reduction in mortality) in the

vaccinated group are quite notable,

especially considering the higher infec-

tion rate in the vaccine recipients dur-

ing the same period. For states with

large populations, a difference of such

magnitudes could translate to hun-

dreds or even thousands of lives saved.

Compared with COVID-19–specific

outcomes, all-cause hospitalization and

mortality rates used in the current

analysis may be more informative on

the health consequences of SARS-

CoV-2 infection and protective effects

of vaccination.27 As the study indicates,

the strong natural immunity acquired

from a previous infection does not ap-

pear to fully compensate for the detri-

mental effects of the initial infection.

Therefore, our findings reinforce the

importance of vaccination as an essen-

tial public health measure to counter

the health impacts of the SARS-CoV-2

pandemic. The significantly higher all-

cause mortality observed in individuals

with previous infection suggested that

reliance on natural immunity to avoid

negative SARS-CoV-2 health conse-

quences is not a prudent strategy given

the safe and readily available vaccines.

In this research, we have employed a

matched cohort study design, an ap-

proach used by other large population-

based vaccine-effectiveness studies.3

Compared with alternative methods,

such as the test-negative design,28

matched cohorts directly emulate the

structure of a clinical trial. Although the

design provides no guarantee of a

causal interpretation, estimation and

inference are straightforward.29 The

convenience of the analysis, however,

comes at the expense of matching

costs: among other things, many vacci-

nated and infected individuals were ex-

cluded from the analysis for lack of an

appropriate match. We carefully select-

ed the matching variables to minimize

biases associated with excluding

otherwise eligible participants. For the

index date, we opted to use the date

of the initial SARS-CoV-2 exposure plus

30 days to accommodate the temporal

uncertainty in immunity development:

previous studies showed that full im-

munity was conveyed by the vaccines

7 to 14 days after the second dose,30

whereas robust humoral and cellular

immune response occur 5 to 15 days

following the onset of symptoms, and

antibodies peak within the first few

weeks.13,31,32

Well-matched cohorts, however, do

not preclude the possibility of remnant

differences between the comparison

groups, especially in characteristics not

captured by the matching variables.

For example, in the present context,

one might suspect that the lower mor-

tality among the vaccine recipients

was attributable to their tendency for

risk-averse behaviors, such as mask-

wearing, hand sanitizing, and social dis-

tancing.33 But such an interpretation

was not supported by the data showing

a higher incidence of infection among

vaccine recipients. In addition, the out-

come of primary interest, all-cause

mortality, is an objective metric that

can be readily captured in both vacci-

nated and previously infected groups

with equal accuracy. As a result, we

contend that, despite the study’s obser-

vational nature, the comprehensive

real-world data source, the large sam-

ple size, the temporally matched partic-

ipant characteristics, and the consistent

findings across different age groups

lend credibility to the investigation.

While the findings related to the ED

visits, hospital admissions, and deaths

align with previous research,4,5,18,34 few

real-world population-based studies

have compared the effectiveness of

protection against SARS-CoV-2 for nat-

ural infections and vaccinations.35,36
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Although our results suggest that natu-

ral immunity provides greater protec-

tion against subsequent infections than

vaccines, residual confounding attribut-

able to health-seeking behavior may

still have an impact on these results.37

If the rate of symptomatic testing for

SARS-CoV-2 infection is greater among

vaccinated individuals (a quantity

unmeasured in our study), vaccine ef-

fectiveness would be underestimated.

The matched cohort design, while

effective for comparing the relative

proactive effects of natural and

vaccine-induced immunity, presents

significant challenges for examining the

effects of different vaccines or vaccine

doses, as well as their response to

specific variants of SARS-CoV-2. In this

research, we did not examine the dif-

ferences among vaccine types, doses,

and viral variants, which had distinct

temporal patterns in the pandemic,

to avoid an over-complication of the

matching process. Notwithstanding this

limitation, we showed that the all-cause

mortality rate was 37% lower in vaccine

recipients compared with individuals

with previous infections 6 months after

the index date. The reductions in ED

visits and hospital admissions were re-

spectively 24% and 37%. The findings

highlight the real-world benefits of vac-

cination and allude to the health conse-

quences of SARS-CoV-2 after the initial

exposure.
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POST PUBLICATION UPDATE

March 16, 2023:When originally published, matched pair censoring on page 98 was described incorrectly as

“when an infected participant received a vaccination or a vaccine recipient became infected.” Censoring only

occurred when an infected participant received a vaccination. An erratum has since been issued, and this PDF has

been updated to include the change.
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