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Abstract

Background Previous infection with SARS-CoV-2 provides strong protection against future
infection. There is limited evidence on whether such protection extends to the Omicron variant.
Methods This retrospective cohort study included 635,341 patients tested for SARS-CoV-2 via
polymerase chain reaction (PCR) from 09 March 2020 to 01 March 2022. Patients were analyzed
according to the wave in which they were initially infected. The primary‘outcome was
reinfection during the Omicron period (20 December 2021, to 01 March 2022). We used a

multivariable model to assess the effects of prior infection and vaccination on hospitalization.

Results Among the patients tested during the Omicron wave, 30.6% tested positive. Protection
of prior infection against reinfection with Omicron-ranged.from 18.0% (95% confidence interval
[CI], 13.0-22.7) for patients infected in wave 110 69.2% (95% ClI, 63.4-74.1) for those infected
in the Delta wave. In adjusted models, previous infection reduced hospitalization by 28.5% (95%
Cl, 19.1-36.7), while full vaccination plus a booster reduced it by 59.2% (95% ClI, 54.8-63.1).

Conclusions

Previous infectionoffered less protection against Omicron than was observed in past waves.

Immunity againstfuture waves will likely depend on the degree of similarity between variants.

Keywords: COVID-19; SARS-CoV-2; Omicron; reinfection; immunity.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has been perpetuated by the emergence
of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variants. In November 2021,
a new SARS-CoV-2 variant, B.1.1.529 (Omicron), was detected in Botswana and Seuth Africa.
Since its identification, the Omicron variant has spread rapidly across the globe, with the first
reported case in the United States on 01 December 2021. In just over three weeks, the highly
transmissible Omicron variant quickly surpassed the preceding B.1:617.2 (Delta) variant to
become the dominant strain of SARS-CoV-2 in the United States. With‘over 30 mutations in the
spike protein, the key mediator of host cell entry and primary target of neutralizing antibodies,

the Omicron variant has raised significant concern for immune escape.'

Previous COVID-19 infection has been shown to be protective against reinfection and
symptomatic disease with Omicron’s predecessors — the Alpha (B.1.1.7), Beta (B.1.351), and
Delta (B.1.617.2) variants.**! However, compared to the previously dominant Delta variant, in

vitro studies have reported a reduction in the neutralization efficacy against Omicron of

3,12,13 2,14,15

antibodies generated-by natural infection and vaccination, and protection against

infection provided. by prior infection appeared to be greatly diminished with the arrival of the

Omicron‘variant.%8

Recent population-level analyses from the United Kingdom,*’ Qatar,*® and South Africa® all
reported a high risk of reinfection with the Omicron variant, with some describing protective
estimates as low as 19%. However, it remains unclear whether reinfections with Omicron are the
result of waning immunity or viral evolution. One recent phylogenetic analysis showed that the
Omicron lineage does not directly derive from any of its predecessors.'? Given that the various

waves of the COVID-19 pandemic have been driven by different variants of concern in the U.S.,
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it is important to understand whether the protection offered by prior SARS-CoV-2 infection

differs based on the wave during which the initial infection occurred.

Furthermore, there is an ongoing debate about the degree of protection offered by previous
SARS-CoV-2 infection as compared to vaccination. Early during the pandemic, preventive
measures were assessed by infection rates. Recently, the focus has shifted towards prevention of
hospitalization and Intensive Care Unit (ICU) utilization. Therefore, we designed.our study to
address two aims: (1) to determine whether previous SARS-CoV-2 infection during different
waves of the pandemic offers protection against reinfection with Omicron, and (2) to compare
the preventable fractions due to previous SARS-CoV-2 infection and vaccination for prevention
of hospitalization and ICU utilization for SARS-CoV-2 infected individuals during the Omicron

surge.

Methods

Study design.

We conducted a retrospective cohort study within the Cleveland Clinic Health System in

Ohio, USA. Thestudy'was approved by the Cleveland Clinic Institutional Review Board.
Study populations.and exposures

The study population included patients tested for SARS-CoV-2 via polymerase chain
reaction (PCR) between 09 March 2020 and 01 March 2022. Reasons for PCR testing included
symptomatic infection, hospitalization for any reason, preprocedural screening, and international

travel clearance.

Exposure was defined as previous SARS-CoV-2 infection confirmed by at least one positive

PCR. To compare the strength of association of SARS-CoV-2 infection driven by 3 different
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strains, we created 3 exposure cohorts, based on CDC reporting of predominance in Ohio.? We

excluded patients with a positive PCR detected in more than one wave prior to Omicron.

The initial cohort included patients tested from March 9, 2020, to March 28, 2021. After
excluding patients who retested positive prior to December 19, 2021, there were 362,800
individuals who were tested during the first wave. The Alpha (B.1.1.7) cohort included patients
tested from March 29, 2021, to June 27, 2021. After exclusions, there were 104,856 individuals
tested during the second wave. Finally, the Delta (B.1.617.2) cohort included patients tested from
June 28, 2021, to September 21, 2021. After exclusions, there were'98,605 individuals tested
during the third wave. Patients tested between 9/22/21 and 12/19/21 were not included in this

analysis, because they would not qualify as a reinfection at the beginning of the Omicron period.

Vaccination status by any COVID-19 vaccine product was verified in the electronic medical
record (EMR). We considered three vaccination groups, based on CDC criteria. Unvaccinated
status was defined as receiving no'COVID-19 vaccine doses. Fully vaccinated status was defined
as > 14 days after the second dose ina 2-dose series of MRNA Pfizer or Moderna vaccines or >
14 days after a single-dose vaccine (Johnson & Johnson’s Janssen or Astra Zeneca vaccine).
Boosted status was defined as > 14 days after the third dose of mRNA Pfizer (full dose) or
Moderna (either booster or full dose) vaccines or > 14 days after the dose of mRNA Pfizer (full
dose)or Moderna (either booster or full dose) vaccines after a single-dose vaccine (Johnson &

Johnson’s Janssen or Astra Zeneca vaccine).

For the second aim of the study, we included only patients with a positive SARS-CoV-2 PCR

test during the period of Omicron dominance — from December 20, 2021, to March 1, 2022.
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Data collection and the definitions of covariates.

Data were extracted from the electronic medical record. Covariates collected were age, sex,
the reason for PCR testing, and the exposure time between the date of the first positive PCR test
during one of the previous waves (1%, 2", or 3") and the date of the PCR test during.the
Omicron wave. If a patient had no previous SARS-CoV-2 infection and had negative PCR test
results during several COVID-19 waves, the exposure time was calculated between-the date of
the first negative PCR test during one of the previous waves and the.date of the PCR test during
the Omicron wave. Symptomatic infection was identified based.on the mandatory questionnaire

accompanying SARS-CoV-2 infection test orders.
Study outcomes

For the first aim, the primary outcome was a positive PCR retest during the period of
Omicron dominance — from December 20, 2021, to March 1, 2022. Omicron constituted 80% of
test positive cases on December 20, and 100% of cases by December 26. According to CDC
criteria, reinfection is defined.as occurring >90 days after initial testing.'® Therefore, because the
period between each wave and the start of the Omicron period was >90 days, for patients with a
positive PCR test during the first, second, or the third wave, any positive PCR test during the

Omicron period was defined as a reinfection.

For the second aim, the primary outcome was hospitalization during the period of Omicron
dominance — from December 20, 2021, to March 1, 2022. ICU admission during the index

hospitalization was the secondary outcome.
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Statistical analysis

For the first aim, we conducted an unadjusted analysis and calculated preventable fraction
(PF)?°2 of the Omicron risk under the unexposed (SARS-CoV-2 PCR negative) condition that

could be prevented by SARS-CoV-2 infection exposure during each of 3 previous waves as:

PFyeinfection = 100 X (1 — Risk Ratio) = 100 x (1 —

Omicron Incidence proportion in exposed )
Omicron Incidence proportion in unexposed

Incidence proportion was calculated by dividing the number of patients who retested positive
by the total number of patients in that cohort. Patients who were not retested during the Omicron
period were assumed to be negative. We reported the total preventable fraction for each wave,

and stratified it by age (0-17 years, 18-34 years, 35-50 years, 51-64 years, 65-74, and >75 years).

For the second aim, we calculated the adjusted PF2%*

of hospitalizations and ICU admissions
using logistic regression, comparing the odds of having versus not having prior SARS-CoV-2
infection, as well as odds of being vaccinated versus not among patients with Omicron SARS-

CoV-2 infection as:

Adjusted PF = 100X (1 —Adjusted Odds Ratio)

Separate logistic regression models were constructed for hospitalizations and ICU
admissions. Each'model included an indicator variable for infection during the ancestral, Alpha,
or Delta'wave, and an indicator variable for vaccination group (unvaccinated, fully vaccinated, or
boosted); the model was adjusted for age, sex, the reason for testing, and the exposure time. To
compare adjusted preventable fractions among individuals with different vaccination status, and
among patients previously infected during different waves, we performed post hoc pairwise
comparisons across the levels of factor variables, using a two-sided significance level of
P<0.002. We corrected significance level for testing 26 hypotheses. Finally, we conducted these

same analyses in a subgroup of elderly individuals (age > 65y).
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Analyses were conducted using R v4.1.0 (R Core Team, Vienna) and STATA MP 17.0

(StataCorp LP, College Station, TX).

Results

During the study period, 1,218,684 PCR tests were collected from 635,341 individuals
(average age, 47.3 = 24.2 years; 54.0% female), of whom, 129,878 (20.4%) tested positive.
During the Omicron period, 126,772 PCR tests were collected from 104,705 individuals, of

whom 32,059 (30.6%) tested positive.
Protection against reinfection with Omicron by the previous SARS-CoV-2 infection

Comparison of patient characteristics by exposure group is shown in Table 1. Overall,
demographic characteristics of patients tested.during each wave of SARS-CoV-2 infection were
similar. Only a small proportion (8-15%) of these patients were retested during the Omicron
wave. In unadjusted analysis, previous SARS-CoV-2 infection offered protection against
Omicron SARS-CoV-2 infection. The preventable fraction gradually increased from the first to
the third wave. Results were similar when limited to symptomatic Omicron infection

(Supplementary Table 1).

Results stratified by age group are shown in Table 2. Among those infected during the first
and third waves, the oldest (>75y) patients were subsequently protected against SARS-CoV-2
infection to a significantly greater degree than patients aged 18-64 years. However, testing
frequency also varied by age and previous infection status. In general, older patients who had
been previously infected were less likely than their peers to be retested, whereas younger patients

who had been previously infected were more likely than their peers to be retested.
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Prevention of hospitalization and ICU admission

Clinical and demographic characteristics of patients with Omicron SARS-CoV-2 infection
are summarized in Table 3. Out of 13,179 patients with Omicron SARS-CoV-2 infection, 1,467
patients (11.1%) had a documented history of previous SARS-CoV-2 infection. Patients with
previous SARS-CoV-2 infection were younger and less likely to be vaccinated. They were also

significantly less likely to be hospitalized during the Omicron wave or admitted to-ICU.

Table 4 shows the results of adjusted analyses. After adjustmentfor age, sex, the reason for
Omicron SARS-CoV-2 testing, time between previous SARS-CoV-2 infection exposure and
Omicron SARS-CoV-2 infection detection, and vaccination status; a previous SARS-CoV-2
infection offered small (approximately 30%) but statistically significant protection against
hospitalization and ICU admission during the. Omicron wave. There were no differences in the

strength of protection offered by previous.infection during the different waves.

After adjustment for age, sex, the reason for Omicron SARS-CoV-2 testing, history of
previous SARS-CoV-2 infection, and time between previous SARS-CoV-2 infection and
Omicron SARS-CoV-2 infection detection, full SARS-CoV-2 vaccination offered substantial,
statistically significant protection against hospitalization and ICU admission. Furthermore, there
was a statistically significant difference in the strength of protection offered by boosting
(approximately 60%) compared to full vaccination (approximately 40%). Importantly, full
vaccination and especially boosting provided substantial (>50%) protection against [CU
admission. Patients with and without previous infection appeared to derive similar benefits from
vaccination and boosting (Supplementary Table 2). Results for older patients appear in
Supplementary Table 3. Neither previous infection nor vaccination without boosting reduced

hospitalizations or ICU admissions in older patients, whereas boosting reduced both.
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Discussion

In this observational cohort study of more than 600,000 individuals who were tested for
COVID-19 in the past 2 years, we found that previous infection with SARS-CoV-2 provided
varying protection against infection with the Omicron variant, depending on the most likely
original infecting virus strain and time since the previous infection. Infection during the Delta
wave provided the strongest protection. Interestingly, protection varied by-age; unexpectedly,
older patients generally had the greatest protection against infection. Lastly, we found that once
patients were infected with Omicron, previous infection provided a small, additional benefit
against severe disease. Vaccination provided much greater protection against severe disease,
with boosters providing the greatest protection against both hospitalization and ICU admission,

regardless of previous infection status.

Our findings differ from those of past analyses, which found that previous infection provided
80-90% protection against reinfection (with pre-Omicron variants) in subsequent waves.* 1?2
Moreover, such protection did-not appear to wane over 8-13 months.”**?2%* The reduced
protection against Omicron is most likely due to the variant’s multiple mutations, which allow it
to evade immune defenses. The higher rate of protection afforded by infection in the Delta wave

may be due to the strains’ characteristics or recency of infection, although our past analyses

using similar methods did not find that protection waned over time.*’

One other analysis also found that past infection provided less protection against Omicron
than against other strains.*® Using a national SARS-CoV-2 database from Qatar, they found that
previous infection provided 56% protection against Omicron. However, they did not stratify by

past waves, and it appears that most of their previous infections were from the Delta wave.

10
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Theirs was a predominantly young, healthy population with too few hospitalizations to

accurately assess the impact of past infection on severity of disease.

Our analysis stratified by age also contradicts previous studies, which generally found that
protection from natural infection declined with age.>" In contrast, we found that the.oldest
patients derived the greatest protection. This finding most likely reflects differences in‘social or
testing behavior by age and previous infection status. The fact that previously infected younger
patients were more likely to be retested suggests that their behavior may have exposed them to
other respiratory pathogens, leading them to be tested for symptoms. The opposite was true for
older patients. The differential testing by age could have biased our results, causing previous

infection to appear less protective in younger patients and more protective among older ones.

Previous infection offered some additional protection against severe disease, reducing
hospitalization by about 30%. However, this.was substantially less than that seen with
vaccination, even among those who had not received a booster, and was not seen with older
patients. Therefore, previously infected patients, especially those who had COVID-19 prior to
Delta and those over 65 years of age, may wish to be vaccinated as an additional safeguard
against severe disease: Others have observed that vaccination and COVID-19 infection together
provide the-greatest level of protection.>*"?® However, because COVID-19 is dangerous, people

shouldnot expose themselves purposefully in order to gain protection against future variants.

Lastly, our data are sobering regarding the development of herd immunity. Following the
Omicron wave, close to 80 million Americans have had documented cases of COVID-19. It is
likely that an overwhelming majority of Americans have now had some exposure to the virus or
have been vaccinated. Cases of Omicron have declined rapidly and should leave behind a

temporary barrier of herd immunity, allowing for some return to normal life. However, neither

11
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vaccination nor previous infection was very effective in stopping the spread of Omicron,
suggesting that a sufficiently mutated strain could cause another pandemic cycle. Indeed,

achieving herd immunity against SARS-CoV2 may not be possible.
Strengths and Limitations

The strengths of our study include a large population of patients with validated, nucleic acid
amplification test (NAAT)-confirmed SARS-CoV-2 infection and documented vaccination
status. This allowed us to stratify patients based on the timing of infection, as well as by age, and
to study the interaction of vaccination and previous infection for protection against severe

disease.

Our study also has limitations. As a retrospective COVID-19 study, there may have been
confounding due to unmeasured differences in.exposures between individuals who were or were
not previously infected. Behaviors that ledto avoidance of infected individuals would be
misinterpreted as immunity to infection. Alternatively, patients who were previously infected
may have been more or less likely to seek out testing when symptomatic. Alternatively, one
group may have been'more prone to perform rapid testing at home or in an urgent care center. If
so, we would have. underestimated infections in that group. Similarly, we assessed only
hopsitalizations within the Cleveland Clinic Health System. If one group of patients were more

likely to seek care outside that system, it would have biased our estimates.

In conclusion, previous infection with SARS-CoV-2 offered limited protection against
reinfection with the Omicron variant, with infection during the Delta wave offering the greatest
subsequent protection. The age distribution of protection suggests that immunity may be

overcome with a larger dose of virus. Most importantly, previous infection offered only mild

12
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protection against severe disease. Vaccination remains the best way to protect against severe

COVID-19.
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Table 1. Patient characteristics and unadjusted preventable fractions (PF)for prevention of SARS-CoV-2 reinfection by the study

cohort

Characteristic Wave 1 Wave 2 Wave 3
SARS-CoV-2(+)  SARS-CoV-2(-) SARS-CoV-2(+) SARS-CoV-2(-) SARS-CoV-2(+) SARS-CoV-2(-)

N 54,233 308,567 5052 99,804 9976 88,629
Age +SD,y 48.7 + 21.7 50.9+ 22.7 42.2 +21.7 51.9+24.1 40.3 +23.2 44,0 + 27.1
Female, n(%) 28,000 (51.6) 169,206 (54.8) 2753 (54.5) 54,539 (54.6) 5270 (52.8) 48,698 (54.9)
N retested during Omicron wave 4719(8.7) 28,535 (9.2) 482 (9.5) 12,651 (12.7) 818 (8.2) 13,311 (15.0)
Omicron SARS-CoV-2(+), n(%) 1230 (2.3) 8535 (2.8) 107 (2.1) 3417 (3.4) 130 (1.3) 3749 (4.2)
Unvaccinated, n(%) 29,064(53.6) 156,341(50.7) 3,344(66.2) 42,735(42.8) 6,763(67.8) 41,504(46.8)
Fully vaccinated, n(%) 12,339(22.8) 64,425(20.9) 1,105(21.9) 24,934(25.0) 1,777(17.8) 22,980(25.9)
Boosted, n(%) 11,471(21.2) 80,253(26.0) 412(8.2) 28,955(29.0) 1,103(11.1) 21,219(23.9)
Unadjusted PF (95% CI), % 18.0 (13.0-22.7) 38.1(25.2 - 48.9) 69.2 (63.4 - 74.1)
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Table 2. Protection against reinfection with the Omicron variant’by age group

Age Total Number of Retested during Omicron reinfection Omicron reinfection Preventabl Pairwis
o group patients Omicron, N (%) cases, N incidence proportion, % e e P-
& (years) Exposed Unexpose Among Among Among  Among Among Among fraction,  value?
= d exposed unexposed Expose Unexpose Exposed Unexpose %
d d d
Overall 54,233 308,567 4719 28,535 1230 8535 2.3% 2.8% 18.0% --
0-17 4451 28,224 464 (9.8) 3329 (11.7) 89 978 2.0% 3.5% 42.3% <0.001
- 18-34 11601 54,983 831(17.6) 3989 (14.0) 306 1513 2.6% 2.8% 4.1% <0.001
= 35-50 12305 57,034  1122(23.8) 5097 (17.9) 401 1854 3.3% 3.3% -0.25%  <0.001
< 51-64 12442 70,441 1121 (23.8) 6576 (23.0) 287 1931 2.3% 2.7% 15.9% <0.001
65-74 6837 54,463 679 (14.4) 5356 (18.8) 93 1273 1.4% 2.3% 41.8% <0.001
>75 6597 43,421 502 (10.6) 4188 (14.7) 54 088 0.8% 2.3% 64.0% Ref
Overall 5052 99,804 482 12,651 107 3417 2.1% 3.4% 38.1% -
0-17 777 11795 85 (17.6) 1870 (14.8) 11 504 1.4% 4.3% 66.9% 0.81
1834 1222 14338 83(17.2) 1408 (11.1) 33 481 2.7% 3.3% 19.5% 0.20
= 35-50 1183 15542 108 (22.4) 1951 (15.4) 34 617 2.9% 4.0% 27.6% 0.24
= 51-64 1075 21841 115 (23.9) 2760 (21.8) 12 771 1.1% 3.5% 68.4% 0.83
65-74 483 19775 53 (11.0) 2533 (20.0) 13 576 2.7% 2.9% 7.6% 0.19
>75 312 16513 38(7.9) 2129 (16.8) 4 468 1.3% 2.8% 54.8% Ref
Overall 9976 88,629 818 13,311 130 3749 1.3% 4.2% 69.2% --
0-17 2158 21298 211 (25.8) 3339 (25.1) 36 953 1.7% 4.5% 62.7% 0.009
™ 18-34 2250 14086 165 (20.2) 1593 (12.0) 33 578 1.5% 4.1% 64.3% 0.01
% 35-50 2132 13021 151 (18.5) 1958 (14.7) 27 683 1.3% 5.2% 75.9% 0.03
= 51-64 1681 15159 134 (16.4) 2427 (18.2) 23 652 1.4% 4.3% 68.2% 0.02
65-74 983 12946 89 (10.9) 2089 (15.7) 8 469 0.8% 3.6% 77.5% 0.09
>75 772 12119 68 (8.3) 1905 (14.3) 3 414 0.4% 3.4% 88.6% Ref

Pairwise p-values indicate the significance of differences in preventable fractions across age groups, with age group >75 years as the

reference group for each comparison. The age group >75 years was selected as the reference group given the higher risk of severe
illness in this population.
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Table 3. Demographic and clinical characteristics of patients with Omicron infection

All (n=13,179) Previous SARS-CoV-  No Previous SARS- P-value
2 infection CoV-2 infection
(n=1,467) (n=11,712)
Age, mean = SD, y 46.2+23.5 43.4+18.7 46.5£24.0 <0.0001
Female, n(%) 7,608(57.7) 829(56.5) 6,779(57.9) 0.566
Vaccination status: <0.0001
Unvaccinated, n(%) 4,968(37.7) 71348.6) 4,255(36.3)
Fully vaccinated, n(%) 4,191(31.8) 460(31.4) 3,731(31.9)
Boosted, n(%) 3,605(27.4) 252(17.2) 3,353(28.6)
Days between previous 319.6'+ 154.8 398.7+ 124.8 309.6 + 155.4 <0.0001
SARS-CoV-2 testing and
index Omicron SARS-CoV-2
infection, mean £ SD
Hospitalization,n(%) 5,443 (41.3) 497(33.9) 4,946(42.2) <0.0001
ICU admission, n(%) 641(4.9) 41(2.8) 600(5.1) <0.0001
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Table 4. Adjusted preventable fractions (PF) for prevention of hospitalizations and ICU admissions in patients with Omicron

SARS-CoV-2 infection

Hospitalization outcome

Pairwise:P-values

ICU admission outcome
matrix

Pairwise P-values

Exposure Adjusted PF P-value 1 2 Adjusted PF (95%Cl),%  P-value 1 2"
(95%Cl),%

No previous Reference Reference

infection

1" wave infection  27.1(16.6-36.2) <0.001 30.1 (-0.2t0 51.2) 0.051

2" wave infection 35.2 (2.7 - 57.8) 0:046 0.602 51.5 (-20.3 to 80.4) 0.427 0.853

3" wave infection  34.6 (3.1 - 55.8) 0.034 0.607 0.973 44.9 (-77.7 t0 82.9) 0.319 0.703 0.884

Any previous 28.5(19.1 —386.7) <0.0001 32.1(5.4-51.3) 0.022

SARS-CoV-2

infection

Unvaccinated Reference Reference

Fully vaccinated 42.7.(37.1-47.7) <0.0001 <0.0001 31.1(15.6 —43.7) <0.0001 <0.0001

Boosted 59.2 (54.8 - 63.1) <0.0001 <0.0001 <0.0001 51.0 (39.5-60.3) <0.0001 <0.0001 0.002

Adjusted for age, seX, time between previous SARS-CoV-2 infection exposure and Omicron SARS-CoV-2 infection outcome, and a

reason for Omicron SARS-CoV-2 testing. Both exposures (previous SARS-CoV-2 infection and vaccination) were included in the

model:

21



