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Abstract 

 

The B.1.1.529 (Omicron) variant of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-

2) has previously been reported as more transmissible, but less severe than other SARS-CoV-2 

variants. To test this assumption, we linked state-level vaccination data with quality-controlled 

electronic health records from a large healthcare system, including 13 hospitals, in Massachusetts, 

USA. We then performed a weighted case-control study to compare risks of hospital admission 

and mortality across the SARS-CoV-2 waves in over 130,000 COVID patients. Although the 

unadjusted rates of hospital admission and mortality appeared to be higher in previous waves 

compared to the Omicron period, after adjusting for confounders including various demographics, 

Charlson comorbidity index scores, and vaccination status (and holding the healthcare utilization 

constant), we found that the risks of hospitalization and mortality were nearly identical between 

periods. Our analysis suggests that the intrinsic severity of the Omicron variant may be as severe 

as previous variants. 

Main 

The B.1.1.529 (Omicron) variant of severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) has been reported as more transmissible, but less severe, than previous variants in a 

variety of locations including South Africa, Scotland, England, and Canada.1–4 However, 

understanding the intrinsic severity of Omicron is challenging.5 A number of confounding 

factors affecting severity in COVID-19 have changed since the start of the pandemic and may 

continue to change. The confounding factors include the initiation of new vaccines and 

therapeutics,6 implementation of various public health strategies,7 variations in vulnerability that 

can be proxied in demographic factors,8 and differences in healthcare utilization practices across 

institutions and time. Any comparison between SARS-CoV-2 variants without adequately 



adjusting and controlling for important confounders that may change over time such as 

vaccination status and healthcare utilization, can mislead both the public and medical experts of 

the true danger of the variant. It could also lead to mistrust among the public and poor choices by 

health policy experts. 

 

To reduce different confounding biases for comparing the severity of the Omicron variant versus 

previous variants, we applied a causal modeling approach -- using inverse probability of 

treatment weighting (IPTW) – to linked data from Massachusetts state-wide vaccine registry and 

curated outcomes and longitudinal electronic health records from the Mass General Brigham 

(MGB). The use of these data sources in this study were approved by the MGB Institutional 

Review Board with a waiver of informed consent. MGB is one of the largest healthcare systems 

in the United States providing care for approximately 1.5 million patients annually in the New 

England region. The choice of a multi-hospital network healthcare system allows for holding the 

healthcare utilization factor constant, and the hospital systems under MGB followed similar 

procedures.  

 

Various methods can control for confounding in observational studies, including multivariable 

regression,9 stratification,10 and propensity-score matching methods.11 IPTW, a type of propensity-

score weighting method, has become more popular recently for assessing causal relationships in 

medicine.12 We chose IPTW as our model for quantifying COVID-19 severity for several reasons. 

First, the propensity score-based method, in general, can summarize many covariates to a single 

covariate, which is helpful given the large number of covariates in our COVID-19 model. Second, 

compared with other propensity-score matching techniques, unmatched individuals are not 

discarded from an IPTW analysis. This increases the effective sample size.13 Additionally, multiple 



weighting formulations have been introduced to address different issues such as extremely large 

weights. These formulations can help find different treatment effects depending on the context.14 

 

Across the MGB system, 148,876 patients had a positive polymerase chain reaction (PCR) 

between December 1st, 2020 and February 28th, 2022. 131,174 COVID-19 patients met the 

inclusion and exclusion criteria for the study. Table 1 shows the key demographics for this patient 

cohort separated into unique COVID-19 waves. In each of the waves more of the cases were 

women than men (ranging from 57.8% to 61.5%). The patients infected in the Winter 20’-21’ 

period were older (47.4 ± 21.2) compared to later periods. The number of non-whites infected 

decreased in the latter two waves compared to the first two. The Charlson comorbidity index scores 

are similar across the four periods. However, in the Winter 20’-21’ period, there were less patients 

having a score of 0, and more with a score greater than 4. As would be expected, given the 

introduction of vaccinations during the Winter 20’-21’ period, the percentage of patients 

vaccinated changed substantially with each subsequent period. The first two periods have very few 

patients infected with SARS-CoV-2 having had a previous vaccination. Whereas in the later 

periods a greater percentage of the infected have been vaccinated.  

 

The number of detected cases were relatively higher in the winter months compared to the summer 

and spring. There were 36,682 detected cases in Winter 20’ - 21’, 10,281 in Spring 21’, and 18,892 

in the Delta period. Then during the Omicron wave the number of cases increased to 65,317. 

Despite the increased number of cases in the Omicron period, the hospitalization risk and mortality 

risk were lower than the other three periods. The hospitalization risk during the Omicron period 

was about 12.7 % of detected cases. Whereas the hospitalization risk in the other three periods 

varied between 14.2 % and 15.8 %. Compared with the Omicron period the risk of hospitalization 



was lower for the Winter 20’-21’ period (OR: 1.24, 95% CI: 1.19 - 1.29, p < 0.01), Spring 21’ 

period (OR: 1.26, 95% CI: 1.19 - 1.33, p < 0.01), and Delta period (OR: 1.11, 95% CI: 1.06 - 1.17, 

p < 0.01). The in-hospital mortality risk among detected cases was also substantially lower during 

the Omicron period compared to the Winter 20’-21’ period (OR: 1.85, 95% CI: 1.57 - 2.18, p < 

0.01), Spring 21’ period (OR: 1.40, 95% CI: 1.05 - 1.85, p < 0.01), and Delta period (OR: 1.60, 

95% CI: 1.29 - 1.97, p < 0.01).  

 

However, unlike the common perception of a less severe Omicron variant, after adjusting for 

confounding variables, the hospitalization risk of the Omicron period was actually very similar to 

the previous time periods. Compared with the Omicron period, the risk of hospitalization was 

lower in the Winter 20’-21’ period (OR: 0.92, 95% CI: 0.89 - 0.95, p < 0.005). There was no 

detected difference when comparing adjusted hospitalization risk of Omicron to Spring 21’ (OR: 

1.10, 95% CI: 0.99 - 1.21, p = 0.06) or Omicron to Delta (OR: 1.00, 95% CI: 0.99 - 1.01, p = 0.67). 

Compared to the Omicron period, the risk of mortality was very similar to the Winter 20’-21’ 

period (OR: 1.00, 95% CI: 1.00 - 1.01, p = 0.4) and Delta period (OR: 1.00, 95% CI: 1.00 - 1.01, 

p = 0.08). And compared to Spring 21’, while Omicron had a statistically significant decreased 

risk of mortality, the adjusted odds ratio was nearly equivalent (OR: 1.00, 95% CI: 1.00 - 1.01, p 

= 0.01). 

 

Our findings suggest that after accounting for confounders, the Omicron variant was as deadly as 

the previous SARS-CoV-2 waves. The hospitalization risk had a less consistent pattern, but after 

accounting for confounders, Omicron seems to have a slightly higher hospitalization risk than the 

Winter of 20’ - 21’, and slightly lower hospitalization risk than that of Spring 21’. There were 

changes in the distribution of sex, age, race, and comorbidity score between each of the waves. 



Each of these factors have previously been associated with differences in severity of COVID-19.15–

17 After accounting for their changes, the significance of the severity seems to decrease. The 

vaccination covariate changed the most between waves. Previous studies have shown very clearly 

that vaccinations protect against the Omicron variant.18–20 However, while a case-control matching 

study suggested Omicron may have less severe outcomes, such a  studies suffers from small patient 

populations analyzed and that many patients are discarded in the analysis.4 Our study incorporates 

vaccinations, comorbidities, demographics, and healthcare utilization, applies IPTW weighting 

matching, and shows severity is actually very similar between variants. 

 

There are several limitations in this study. First, the vaccination status is based on the 

Massachusetts state level vaccine registry. Therefore, we may be underestimating the number of 

vaccinated patients and overestimating the number of unvaccinated patients in the more recent 

periods. Additionally, we counted cases as positive PCR SARS-CoV-2 tests. This likely 

undercounts the number of real SARS-CoV-2 infections since it does not include patients who had 

an at-home rapid test, visited a facility outside of MGB, or chose not to get tested. Despite this 

limitation, it is likely a consistent problem between periods. Finally, we considered all infections 

between December, 2021 to February, 2022 as representative of Omicron. However, there were 

likely other variants during these episodes that infected patients. Still, Omicron rapidly became the 

dominant strain. 

 

Measuring severity of the new variant can be challenging given there are so many confounders 

that have changed since the start of the pandemic. Still the large difference of the unadjusted risk 

of hospitalization and mortality between the Omicron period and that of other periods, and that 



difference decreasing after adjusting for differences in waves is important for highlighting that 

variants remain dangerous entities. 
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Table 1: Demographics and health status across four temporal waves of patients infected 

with SARS-CoV-2 
 

12/2020 - 2/2021 
(Winter 20’ - 21’) 

(N = 36,682) 

3/2021 - 6/2021 
(Spring 21’) 
(N = 10,281) 

7/2021 - 11/2021 
(Delta) 

(N = 18,894) 

12/2021 - 2/2022 
(Omicron) 

(N = 65,317) 

Female sex (%) 58.3 58.1 57.8 61.5 

Age (yr.) 47.4 ± 21.2 41.2 ± 21.1 43.2 ± 22.2 41.1 ± 21.6 

Nonwhite race (%) 28.1 29.0 20.4 26.6 

Charlson 

Comorbidity 

0 (%) 58.3 64.5 63.3 63.4 

1-3  (%) 32.1 27.9 29.2 29.0 

>4  (%) 9.7 7.6 7.5 7.60 

Vaccine 
Status 

No vaccine (%) 99.9 96.1 70.1 38.2 

Partial Vaccination (%) 0.1 1.1 1.9 2.9 

Full Vaccination (%) - 2.8 26.1 33.3 

Full Vaccination with 
Booster (%) 

- - 1.8 25.6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2: Severity outcome across four temporal waves of SARS-CoV-2 
 

Infected Hospital 

Admissions 
 n (%) 

ORb (95% 

CI) 
Adjustedc ORb 

(95% CI) 
Mortalitya 

n (%) 
ORb 

(95% CI)  
Adjustedc ORb 

(95% CI) 

12/2020 - 2/2021 
(Winter 20’ - 21’) 

36,682 5,732 (15.6) 1.24 (1.19 
- 1.29) 

0.92 (0.88 - 
0.96) 

303 
(0.83) 

1.85 (1.57 
- 2.18) 

1.00 (.99 - 
1.00) 

3/2021 - 6/2021 
(Spring 21’) 

10,281 1,622 
(15.8) 

1.26 (1.19 
- 1.33) 

1.09 (0.99 - 
1.21) 

64  
(0.62) 

1.40 (1.05 
- 1.85) 

1.01(1.00 - 
1.01) 

7/2021 - 11/2021 
(Delta) 

18,894 2,683 
(14.2) 

1.11 (1.06 
- 1.17) 

1.00 (0.99 - 
1.01) 

134 
(0.71) 

1.60 (1.29 
- 1.97) 

1.01 (0.99 - 
1.02) 

12/2021 - 2/2022 
(Omicron) 

65,317 8,322 
(12.7) 

- - 313 
(0.48) 

- - 

a in-hospital, 30-day mortality 
b compared to Omicron [95% CI]  
c adjusted refers to covariates weighted to balance for confounding bias and the model controlling 

for the covariates. 
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Methods 

 

Study Population 

The clinical data in this study comes from patients seen at Mass General Brigham (MGB). The 

vaccination data comes from the Massachusetts vaccine registry. This is a diverse population in 

the northeastern United States (New England region). MGB is one of the largest healthcare systems 

in the United States providing care for approximately 1.5 million patients annually in the New 

England region.  

Study Design 

The study was approved by MGB’s IRB board Protocol # 2020P001063. The study was exempt 

from the requirement for informed consent from the patients, owing to the retrospective design.  

Inclusion/Exclusion Criteria 

We included all patients who had a positive SARS-2-CoV polymerase chain reaction (PCR) test 

between December 1st, 2020 and February 28th, 2022, anywhere across the MGB healthcare 

system. To increase the likelihood that we have enough information from a patient to compute 

their comorbidity history and capture their outcomes in follow up care within the MGB system 

providers, we required a minimum data floor threshold of at least two diagnosis records, six months 

apart, in the three years prior to their SARS-CoV-2 infection. State wide-vaccination records were 

then linked to the local MGB data repository.  

Feature Engineering 

Then we tabulated the covariates for each patient. The Charlson comorbidity index score was 

calculated in R by extracting International Classification of Diseases, Version 10 (ICD-10) codes 

and using the Rpackage “comorbidity” to calculate the Charlson scores for each patient. The 

vaccination status was categorized into one of four groups- “No Vaccine”,  “First Dose Only” 



(representing the first dose of Modern or Pfizer BioNTech), “Fully Vaccinated” (representing the 

second dose of Moderna or Pfizer and BioNTech), or “Fully Vaccinated with Booster” 

(representing any of the vaccines with an additional booster given). The racial category was based 

on one of four categories including “White”, “Black or African American”, “Asian”, or 

“Other/Unknown”. 

Modeling Approach 

Given that the Omicron variant became the dominant strain in the northeastern United States 

between December 2021 and February 2022, we considered SARS-CoV-2 infections during this 

time frame to be representative of an Omicron infection. The hospitalization risk (hospital 

admissions over cases) and mortality risk (in-hospital deaths over cases) were then calculated. We 

first performed Fisher's exact test with 95% confidence intervals to calculate odds ratios comparing 

the hospitalization and mortality risks of each period to the Omicron period. A two-sided P value 

of less than 0.05 was considered to indicated statistical significance in all analyses. Then, to reduce 

the confounding bias, we classified patients based on age, Charlson comorbidity index score, 

vaccination status, ethnicity/race, and gender and estimated weights that balance the covariates 

(using inverse probability weights from propensity score), the treatment effect (using a survey-

weighted generalized linear model) and corresponding confidence intervals (using profiled log-

likelihood). Observations were weighted based on an estimated probability of receiving the 

treatment (i.e., four COVID-19 variants). The method is inverse probability of treatment weighting 

(IPTW). These weights helped achieve a more balanced sample across the covariates for 

determining the adjusted odds ratios. R version 3.6.3 was used for the data modeling and analysis. 

 

 



 

Software and Code 

R statistical software version 3.6.3 (R Foundation) was used for analysis. The code for analysis is 

available at https://github.com/ZackS13/omicron_severity.git 

Data Availability 

The data was extracted from Mass General Brigham's COVID-19 Data Mart Enclave. Due to 

privacy regulations and per institutional and IRB approvals for this study, the patient level data 

cannot be shared. 

 


