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Abstract

Background.—The epidemiology of coronavirus disease 2019 (COVID-19) continues to
develop with emerging variants, expanding population-level immunity, and advances in clinical
care. We describe changes in the clinical epidemiology of COVID-19 hospitalizations and risk
factors for critical outcomes over time.

Methods.—We included adults aged =18 years from 10 states hospitalized with COVID-19 June
2021-March 2023. We evaluated changes in demographics, clinical characteristics, and critical
outcomes (intensive care unit admission and/or death) and evaluated critical outcomes risk factors
(risk ratios [RRs]), stratified by COVID-19 vaccination status.

Results.—A total of 60 488 COVID-19-associated hospitalizations were included in the
analysis. Among those hospitalized, median age increased from 60 to 75 years, proportion
vaccinated increased from 18.2% to 70.1%, and critical outcomes declined from 24.8% to 19.4%
(all A< .001) between the Delta (June-December, 2021) and post-BA.4/BA.5 (September 2022—
March 2023) periods. Hospitalization events with critical outcomes had a higher proportion of
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>4 categories of medical condition categories assessed (32.8%) compared to all hospitalizations
(23.0%). Critical outcome risk factors were similar for unvaccinated and vaccinated populations;
presence of >4 medical condition categories was most strongly associated with risk of critical
outcomes regardless of vaccine status (unvaccinated: adjusted RR, 2.27 [95% confidence interval
{ClI}, 2.14-2.41]; vaccinated: adjusted RR, 1.73 [95% CI, 1.56-1.92]) across periods.

Conclusions.—The proportion of adults hospitalized with COVID-19 who experienced critical
outcomes decreased with time, and median patient age increased with time. Multimorbidity was
most strongly associated with critical outcomes.
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COVID-19; hospitalization; death; critical disease; clinical epidemiology

Approximately 6 million coronavirus disease 2019 (COVID-19)-associated hospitalizations
and 1.1 million deaths have been reported in the United States (US) since 2020 [1].

During the early pandemic, factors associated with critical COVID-19 included advanced
age and certain chronic medical conditions [2—4]. Less is known about the changing clinical
epidemiology and risk factors for critical COVID-19 during recent variant periods.

With the emergence of new severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
variants, rates of hospitalizations and case fatalities have changed [5-8]. This may be due

to several factors, including increased population-level immunity following vaccination [9-
11], infection-induced immunity [12-14], or “hybrid” immunity from both infection and
vaccination. Adaptive changes of newer variants [15, 16] and broader use of therapies

for acute COVID-19 [17-19] may also contribute. Given these dynamic changes, ongoing
research is crucial to understand both the evolving epidemiology of COVID-19 and risk
factors for critical outcomes among unvaccinated and vaccinated populations. Characterizing
groups who remain at highest risk for critical outcomes is important to inform public health
and clinical interventions targeting the most vulnerable populations.

The primary objective of this study was to explore the clinical profile of adults hospitalized
with COVID-19 over time and identify risk factors associated with critical COVID-19 by
vaccination status.

METHODS

Setting and Design

This study was conducted within the virtual SARS-CoV-2, influenza, and other respiratory
viruses network (VISION), a multistate network that captures EHR data from healthcare
systems with integrated laboratory, clinical, and vaccination records. VISION has performed
serial evaluations of COVID-19 vaccine effectiveness since 2021 [20]. This analysis
included adult patients (=18 years of age) hospitalized at 8 healthcare systems in 10 US
states (including 254 hospitals) from 1 June 2021 through 29 March 2023 (Supplementary
Table 1). The analysis was reviewed and approved by institutional review boards at
participating sites or under reliance agreement with the institutional review board of Westat.
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All activities were conducted consistent with applicable federal law and Centers for Disease
Control and Prevention (CDC) policy.

Study Population

We included adults hospitalized with COVID-19 during the period of Delta predominance
(June 2021) through the post-BA.4/BA.5—predominant period including XBB sublineages
(March 2023). Consistent with described methods [21], cases were patients with a
COVID-19-associated hospitalization, defined as having 1 or more COVID-19-like illness
International Classification of Diseases, 10th Revision (/CD-10) discharge codes and a
positive molecular test for SARS-CoV-2 within 14 days before or up to 72 hours after
admission. Pregnant patients were excluded due to differences in COVID-19 screening and
testing practices and criteria for hospitalization. To characterize underserved populations, the
CDC/Agency for Toxic Substances and Disease Registry Social Vulnerability Index (SVI)
was included using geocoded data, as previously described [22].

Vaccination Status

COVID-19 vaccination status was determined using local immunization information
systems, EHRs, and insurance claims and categorized as primary series only or primary
series with additional doses of monovalent or updated bivalent messenger RNA (mRNA)
boosters. mMRNA vaccine doses received starting 2 September 2022 were considered bivalent
[23]. Primary series completion was defined as documented receipt of 2 doses of an

MRNA vaccine (BNT162b2 [Pfizer-BioNTech] and/or mRNA-1273 [Moderna]) or 1 dose of
Ad26.COV2 (Janssen/Johnson & Johnson [J&J]) =14 days before the admission index date,
defined as the date of respiratory specimen collection associated with the most recent SARS-
CoV-2 test result prior to hospitalization or admission date if testing occurred following
admission. For patients with immunocompromising conditions, completion of a primary
series was defined as having received 3 doses of an mRNA vaccine or 1 dose of J&J
followed by 1 additional mMRNA dose [20]. Encounters among patients who received 1 or
more doses of a COVID-19 vaccine but had not completed a primary series were excluded,
as were those who received any sequence of vaccine products outside of the recommended
schedules.

Classification of Variant-Predominant Periods

The study period began on the earliest day the Delta variant accounted for 250%

of sequenced isolates at each site, based on local surveillance data, and ended when
another variant accounted for >50% of sequenced isolates (Delta date range: 1 June—

29 December 2021). Each subsequent variant/sublineage-predominant period was defined
similarly (Omicron BA.1: 16 December 2021-30 March 2022; Omicron BA.2/BA.2.12.1:
17 March-29 June 2022; Omicron BA.4/BA.5: 19 June-29 October 2022; post-Omicron
BA.4/BA.5: 29 October 2022-29 March 2023).

Outcome Classification

The primary outcome was “critical” COVID-19 outcomes, defined as a composite of
hospitalization resulting in intensive care unit (ICU) admission and/or in-hospital death.
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This endpoint was selected to reflect critical disease [24] while utilizing outcomes collected
across all sites. Secondary critical outcomes, measured at a subset of partner sites, included
any use of noninvasive mechanical ventilation (NMV, including bivalve positive airway
pressure or continuous positive airway pressure), or invasive mechanical ventilation (IMV).
Additional markers of critical illness described in the supplementary analyses included
1CD-10codes indicating COVID-19-associated complications such as acute respiratory
distress syndrome (ARDS), respiratory failure, and all-cause pneumonia.

Statistical Analysis

Baseline demographics, clinical characteristics, and outcomes were stratified by variant
period and described using counts and percentages or medians and interquartile ranges
(IQRs). Trends across periods were assessed using the Jonckheere-Terpstra nonparametric
test [25] for continuous variables and ordered categorical variables with >2 groups, and the
Cochran-Armitage [26, 27] test for binary variables.

Key characteristics (vaccination status, age =65 years, >4 underlying medical condition
[UMC] categories) of patients with critical outcomes were visualized by period using

Euler diagrams, with the size of ellipses representing the proportion of patients with

each characteristic and overlap between ellipses representing co-presence of characteristics.
Counts of COVID-19 hospitalizations and proportions with critical outcomes (primary
outcomes of ICU admission and/or in-hospital death, secondary outcomes including NMV
and/or IMV) were graphed by week.

We evaluated risk factors for critical outcomes overall (ie, across all study periods) and
during each variant period separately for both unvaccinated and vaccinated (primary series
or more) populations. Due to the similar characteristics and outcomes among patients

with critical outcomes during the BA.2, BA.4/BA.5, and post-BA.4/BA.5 periods, we
collapsed these into 1 post-BA.1 period. A modified Poisson regression approach through

a generalized linear model with robust error variance [28] was used to estimate adjusted

risk ratios (aRRs), accounting for potential confounders including patient characteristics
(age, sex, race, Hispanic ethnicity, Medicaid status), UMCs (number of condition categories
or by individual conditions), and facility characteristics (VISION site, hospital size,

hospital type, urban/rural classification). Addition of calendar time was also considered

but had little influence on risk ratio estimates. UMCs were defined using /CD-10

discharge codes for the index encounter and assumed to be baseline conditions predating
hospitalization, although the chronicity of conditions or new-onset diagnoses associated with
the index hospitalization could not be definitively determined. Condition categories included
respiratory (asthma, chronic obstructive pulmonary disease [COPD]), cardiovascular (heart
failure, ischemic heart disease, hypertension, congenital heart disease), cerebrovascular
(stroke, other), neurological/musculoskeletal (dementia, Down syndrome, other), endocrine/
metabolic (diabetes, other), hematologic, renal, hepatic, or immunocompromising conditions
(Supplementary Table 2). Among vaccinated, risk ratios were also adjusted for whether

the patient had completed a primary vaccine series or a primary vaccine series plus 1 or
more booster doses; other specifications, including models also adjusting for time since
most recent dose or number of booster doses, generated similar findings. Depending on
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the risk factor, 1 of 2 regression models was run to assess UMCs. In the first model, a
categorical variable counting the number of system categories affected was included as
an independent variable. For the second model, individual indicators of each UMC were
included as independent variables. Analyses were conducted using R software (version
4.1.2; R Foundation).

Characteristics of Hospitalized Patients Across Predominant Periods

Of 66 166 COVID-19-associated hospitalizations in nonpregnant adults during the study
period, 5678 (8.6%) were excluded due to being partially vaccinated (n = 5382), receiving
vaccines outside of recommended schedules (n = 294), or receiving a vaccine product other
than Janssen, Moderna, or Pfizer (n = 2), leaving 60 488 eligible hospitalizations. Median
age of patients was 67 years (IQR, 54-79 years), 31 230 (51.6%) were male, 41 893
(69.3%) were White, and 42 728 (70.6%) were non-Hispanic (Table 1). Of patients with
geocoded information on place of residence, 19.5% were in the highest SVI quartile. The
median number of UMC categories was 2 (IQR, 1-3), with 8021 (13.3%) patients having an
immunocompromising condition.

Age at hospitalization increased across periods, with a median of 60 years (IQR, 48-72
years) during Delta and 75 years (IQR, 65-84 years) during post-BA.4/BA.5 (P< .001)
(Table 1). The proportion of patients with 24 UMC categories increased from 13.4% during
Delta to 31.6% during post-BA.4/5 (P < .001). The proportion vaccinated with at least a
primary series increased from 18.2% during Delta to 70.1% during post-BA.4/BA.5 (P<
.001).

Characteristics of Patients With Critical COVID-19 Outcomes and Trends Across
Predominant Periods

Overall, 13 536 (22.4%) hospitalizations included critical outcomes (Table 2), with 11 408
(18.9%) ICU admissions and 5708 (9.4%) deaths (Supplementary Table 3). The proportion
of patients with critical outcomes was highest during the Delta period (Supplementary

Table 3; Figure 1). Overall, 4751 of 33 411 (14.2%) hospitalizations required NMV

and 5171 of 48 441 (10.7%) required IMV. Demographic characteristics of patients with
critical outcomes followed similar patterns as all COVID-19 hospitalizations. Compared
with all hospitalized patients, a greater proportion of those with critical illness had >4 UMC
categories (32.8% vs 23.0%) and immunocompromising conditions (17.9% vs 13.3%), and a
lower proportion were vaccinated with at least a primary series (34.9% vs 41.9%).

The proportion of patients with critical outcomes who were older (=65 years) and had >4
UMC categories increased across periods (P < .001), while the unvaccinated proportion
decreased (P < .001) (Table 2, Figure 2). The overall proportion of ICU admissions and
in-hospital deaths declined across periods (P < .001) (Figure 1; Supplementary Table 3).
These trends were consistent across secondary outcomes such as ARDS, NMV, and IMV (P
<.001) (Supplementary Table 3, Supplementary Figure 1). Hospital length of stay decreased
across periods for patients with critical outcomes who survived (ie, admitted and discharged
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from 1CU), with a median of 5 days (IQR, 3-10 days) during Delta and 4 days (IQR, 3-7
days) during post-BA.4/BA.5 (P < .001). However, length of stay also decreased among
in-hospital deaths, with a median of 11 days (IQR, 6-22 days) during Delta and 7 days
(IQR, 4-14 days) during post-BA.4/BA.5 (P< .001).

Risk Factors for Critical Outcomes Across Predominant Periods

Adjusting for UMCs and other factors, during the Delta period age >49 years was associated
with an increased risk of critical outcomes (Figure 3 and 4). During later periods, however,
the adjusted risk of critical outcomes was lower in older versus young adults. During

the Delta period, adults aged 18-49 years comprised 32.8% of unvaccinated and 6.9% of
vaccinated patients, whereas during the post-BA.1 period young adults comprised 16.5% of
unvaccinated and 7.0% of vaccinated patients. Female sex was associated with a reduced
risk of critical outcomes across periods (aRR, 0.82 and 0.85 in unvaccinated and vaccinated,
respectively).

Patients with >4 UMCs were at an increased risk for ICU admission and/or death across all
periods in both unvaccinated (overall aRR, 2.27 [95% confidence interval {CI}, 2.14-2.41])
and vaccinated (overall aRR, 1.73 [95% CI, 1.56-1.92]) groups. Presence of 2-3 UMCs was
also a risk factor across multiple periods for unvaccinated, but with a lower relative strength
of association. Most categories of UMCs were associated with a modest increase in risk of
critical outcomes (aRR >1.0) across periods in both unvaccinated (Figure 3) and vaccinated
(Figure 4) adults.

In a secondary analysis evaluating risk factors for severe respiratory illness (NMV and/or
IMV), similar results were observed as in the primary analysis, although the magnitude of
effect size such as for multiple UMCs was higher and an association between older age
and lower independent risk of critical illness was observed across periods (Supplementary
Figures 2A and 2B).

Visualizing the relationship between categories of UMCs and critical outcomes, the
proportion of patients with a critical outcome increased as the number of UMC categories
increased across all periods (Supplementary Figure 3). The most common combinations of
UMC categories for patients with =4 categories included cardiovascular, neurological or
musculoskeletal, endocrine or metabolic, and renal (Supplementary Table 4).

DISCUSSION

Among adults hospitalized across 10 states between June 2021 and March 2023, the
epidemiology of COVID-19 changed markedly. Over time, the overall proportion of ICU
admissions, in-hospital deaths, use of noninvasive or invasive mechanical ventilation or
ARDS, and length of stay decreased. Changes in baseline patient characteristics included
an increase in median age of 15 years across the study period and a majority of those with
COVID-19-associated hospitalizations now having been vaccinated against COVID-19 as
population-level coverage expanded. Among both unvaccinated and vaccinated patients, a
high burden of UMCs was the strongest predictor of ICU admission and/or death. A small
number of factors, including vaccination status, high burden of UMCs, and advanced age,
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identified a vast majority of patients who experienced critical outcomes (90%-97% across
periods), suggesting target populations for future public health and clinical efforts.

Adjusting for confounders, clinical risk factors for critical COVID-19 outcomes were similar
over time between unvaccinated and vaccinated patients. Regardless of vaccination status,
the presence of UMCs across multiple organ system categories was the strongest risk

factor for critical disease. This suggests that overall frailty may play a larger role in
susceptibility to critical disease than a singular diagnosis. Notably, we captured general
condition categories, and within a single category (eg, immunocompromising conditions)
there may be a gradient of risk. While VISION does not collect data on how well-controlled
UMC:s are, ongoing management of UMCs may minimize complications associated with
COVID-19 [29]. Future studies should evaluate risk of critical outcomes accounting for
severity or level of control of underlying conditions to provide greater understanding.

Various medical conditions and age have been consistently associated with an increased
risk of severe COVID-19 illness from previous studies [30-32]. In our analysis, older
adults were overrepresented among both total hospitalizations and severe hospitalizations
across periods, and older age was associated with an increased risk of critical outcomes
(ICU admission or death) during the Delta variant period. This association was reversed,
however, during the post-BA.1 period, with older adults hospitalized with COVID-19 at
lower risk for critical outcomes adjusting for UMCs and other confounders. These findings
may be attributable to several factors, including a lower threshold for SARS-CoV-2 testing
and admission for less severe disease in older adults, residual confounding based on types
or severity of medical conditions or unmeasured factors, differential use of early antiviral
therapies across ages, advanced directives or goals of in-hospital care in older adults, or
differences in the clinical presentation of illness by age. For example, older adults may be
more likely to be hospitalized due to exacerbation of chronic medical conditions associated
with SARS-CoV-2 infection rather than primary viral pneumonia. Inclusion in this analysis
was also conditioned on hospitalization, and older adults in institutional settings (eg, skilled
nursing facilities) likely to have poor outcomes may not have been hospitalized. Regardless,
the average age and proportion of older adults hospitalized with COVID-19 increased over
time, highlighting that the greatest burden of critical COVID-19 outcomes is experienced
among older adults.

Compared with all hospitalized patients, a lower proportion of patients with critical
COVID-19 outcomes were vaccinated with at least a primary vaccination series; however,
the severity of disease among both vaccinated and unvaccinated populations declined

over time. These data support that COVID-19 severity declined during Omicron variant
predominance [33, 34]. Risk of critical illness may have been attenuated by vaccination

[9], the increased prevalence of immunity induced by prior SARS-CoV-2 infection [35, 36],
changes in aspects of the predominant SARS-CoV-2 variant [37], or changes in clinical
management [17-19].

This analysis was subject to limitations. First, as eligible encounters occurred across
multiple variant periods, clinical management may have changed. Data on treatments such
as antivirals were not captured by VISION partners throughout the study period, limiting
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our ability to assess the impact of changing therapeutic practices. Second, prior infection
was unable to be reliably ascertained from available testing data, complicating interpretation
of conclusions that aim to disentangle the contribution of vaccine-induced immunity and
infection-induced immunity. Third, we could not reliably capture whether a patient with
COVID-19-like illness and a positive SARS-CoV-2 test was admitted primarily because of
COVID-19 or due to other contributing conditions. EHR data may also not fully capture

all UMCs and could result in misclassification of higher-risk patients and underreporting

of intensive care received, particularly during periods of high incidence of SARS-CoV-2
infections when non-1CU beds were used for critically ill patients [38, 39]. Fourth, these
findings are from data collected in 10 states and may not be generalizable to the entire

US population. Due to the absence of comprehensive national integrated systems across a
representative population, networks like VISION rely on health systems that capture robust
and integrated clinical, laboratory, and vaccination information. Furthermore, as our study
population is patients already hospitalized with COVID-19, our findings are not intended to
reflect a wider population outside the hospital setting. Fifth, our primary severity outcomes
of ICU admission and/or in-hospital death are not specific to COVID-19. Sixth, chronicity
of medical conditions was not assessed. While documented conditions such as diabetes and
COPD are likely to represent chronic conditions, it is possible that some conditions included
new-onset diagnoses or may have resulted from COVID-19. Encounter-based reporting of
conditions may be incomplete without a lookback period predating admission; additional
information including capture of all vaccine doses may also be incomplete.

In conclusion, from the Delta-predominant period to the post-BA.4/BA.5 period, the
epidemiology of COVID-19 among hospitalized patients changed markedly. Over time, the
proportion of ICU admissions, in-hospital deaths, use of NMV and IMV, and hospital length
of stay decreased. However, in all periods the majority of hospitalizations resulting in ICU
admission or death among both vaccinated and unvaccinated patients were among patients
who were older (=65 years) or had multiple underlying medical conditions. Continued
research is needed to understand the changing epidemiology of COVID-19 hospitalizations
with the emergence of new SARS-CoV-2 variants or sublineages, changes in population-
level immunity, and development of new vaccines and therapies.
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Figurel.
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Weekly numbers of adults with coronavirus disease 2019-associated hospitalizations and
percentage with an intensive care unit (ICU) admission and/or in-hospital death across

4 variant-predominant periods, VISION Network, 27 June 2021-4 March 2023. Data
are included starting on Centers for Disease Control and Prevention epidemiological

surveillance week (Epi week) 26 in 2021 (beginning 27 June) and ends on Epi week 9

in 2023 (through 4 March); however, data from Baylor Scott & White Health are included

starting on Epi week 36 (11 September 2021).
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Figure2.
Visualization of select characteristics of adults with an intensive care unit admission and/or

in-hospital death by Delta and Omicron sublineage—predominant periods, VISION Network,
1 June 2021-29 March 2023. Abbreviation: UMCs, underlying medical conditions (by
number of categories).
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Figure 3.
Risk factors for intensive care unit admission and/or in-hospital death by Delta and

Omicron sublineage—predominant periods among unvaccinated adults, VISION Network,
1 June 2021-29 March 2023. @Post-BA.1 includes BA.2, BA.4, BA.5, and post-BA.5.
bAdjusted for age, sex, race, Hispanic ethnicity, Medicaid status, underlying medical
conditions (UMCs; number of medical conditions and by individual conditions), and
facility characteristics (VISION Network partner, hospital size, hospital type, urban/rural
classification). CEstimated from a model containing background variables and number of
UMC categories. Categories of UMCs include pulmonary, cardiovascular, cerebrovascular,
neurological or musculoskeletal, endocrine or metabolic, hematologic, renal, hepatic, and
immunocompromising condition. 9Reference group. éReference for UMC is no presence of
condition. Abbreviations: aRR, adjusted risk ratio; Cl, confidence interval; COPD, chronic
obstructive pulmonary disease.
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Figure 4.

Risk factors for intensive care unit admission and/or in-hospital death by Delta and Omicron
sublineage—predominant periods among vaccinated adults, VISION Network, 1 June 2021-

29 March 2023. @Includes BA.2, BA.4, BA.5, and post-BA.5. PAdjusted for age, sex,

race, Hispanic ethnicity, Medicaid status, underlying medical conditions (UMCs; number

of medical conditions and by individual conditions), facility characteristics (VISION

Network partner, hospital size, hospital type, urban/rural classification), and primary series
versus primary series plus 1 or more boosters. °Estimated from a model containing
background variables and number of UMC categories. Categories of UMCs include
pulmonary, cardiovascular, cerebrovascular, neurological or musculoskeletal, endocrine or
metabolic, hematologic, renal, hepatic, and immunocompromising condition. 9Reference

group. ®Reference for UMC is no presence of condition. Abbreviations: aRR, adjusted risk
ratio; Cl, confidence interval; COPD, chronic obstructive pulmonary disease.

Clin Infect Dis. Author manuscript; available in PMC 2024 August 01.



Page 17

Griggs et al.

100> w2e w2 w-2e w1z €0z €Dz p(dO1) UetpaL 'sOAIN 40 saLiobared
(9°27) 06 (681)2s6  (esT vz (0ez)evoc  (L8T)T.S2  (S6T) 0¥L9 70
(LT12) €TTT (9ze)seTt  (8Ce)eee  (eez)9Loz  (9ze)oote  (922) 028L €0
(9'92) s9¢eT (rre)teer  (L9g) ooy  (z9z)ovez  (v'82) v68E  (€°22) OVY6 20
(Tve) LvLT (T1e)osT  (cse)809  (Sle)esye  (€0g)6vTy  (S0€) 925 0T 10
200° 29leNb IAS
100> (0eT) 9¢€et (rer)gstt  (Len)1sy  (9vr)oste  (vo2) vy (€°9T) 6886 umouXun
100> (0°'TT) L¥OT (zot)s88  (L'6) SvE Wy vtz (yT)esve  (0°€T) T28L SluedsiH
100> (0'92) 9122 (r'92) e199  (9'22)esLe  (0'T2) 856 0T  (259) 685GT  (9'02) 82L 2y oluedsIH-uoN
Aoy
100> (TeT) ovet (ger)sott  (Ter)eey  (rsT)8eez (9'6T) 897  (2'9T) 0616 umouxun/IsLRO
100> (5'v) vev (T'v) g6e (T9) 812 (re) 115 (2'2) 989 (5¢) vr1e uelsy
100> (v'6) 688 (ror)eos  (68)s1e  (TvT)ze0c  (e0m)eove  (0°TT) 1999 %oe|g
100> (T'eL) 9v69 (L'2)eee9  (6'22) 2862 (8'99)8266  (529) OVT 9T  (£'69) €68 T aNUM
a0ey
100> (2°05) 818¥ (cog) vvey (L6v)€9.T  (08v) 6€TL  (8'9Y) ¥6T TT  (v'8Y) 85T 6C a[ewaS
100> (e'6v) 189V (86v) T1EY  (€09) 98.T  (0'2s)oeLL  (zes)zzrzt  (9718) 0T TE 3N
XoS
(8'z2) €912 (ro2) 69T (LT12)0LL  (geT) 88T (29) z65T (7eT) zet8 68
(T'0€) 0982 (e'82) 1sv¢  (T'62)2e0T  (g0z)etoe  (6€T) vIee  (6°02) 699 2T ¥8-GL
(8'22) 8912 (6ze)s86T  (TTR) YL (L€a)vese  (voc) L8y (0°C2) 66C €T 7/-G9
(2'T) S6YT (ez1)86vT  (021)€09  (092) 998 (0'1€) €evs  (9'2) G88 ¥T ¥9-05
(98) €18 (0tt)ese  (TTT)see (L21) 6892 (T'82) ¥129  (0'6T) ETSTT 6781
100> A ‘aby
100> (#8-59) G2 (es-€9) v.  (e8-€9)GL  (8/-GS) L9 (22-8v) 09 (62-¥5) 29 (401) uepaw A ‘aby
6616 G598 65 698 T 976 €2 887 09 "ON ‘suonezifendsoy |1
®eheAd  SVar'va-sod  Svanva Zva Tve elpa IleBAO ols1Ree BYD

ePO1iod JUeUIWOpPS Id-1Uel fep

€¢0¢ YdIBIN 6¢-1¢0¢

aung T “y40M1aN NOISIA ‘SpoLiad ueuIwopaid—abesul|gns uoioiwQ pue eljag Aq 6T0Z 8seasiq SNIIARU0I0D YA PazijendsoH S)Npy 4o sonsualorieyd

Author Manuscript

Author Manuscript

‘TalqeL

Author Manuscript

Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2024 August 01.



Page 18

Griggs et al.

100> SNYels UOIRUIdOBA 6T-AIAOD
100> (L171) 2291 (e'81) 286T  (9'8T) 659  (S'¥T) 8GTC (T'8) ov6T (e'€T) T208 uonpuod Buisioidwodounuiwi
6¢’ (89) 5v9 (5°2) €s9 (¢2) 95¢ (1'8) s0eT (99) 2851 (c2) ovey orpedaH
100> (r'ee) oL1E (trze)size  (ove)Loet  (922) €0ty (2'GT) ve9e  (9'%2) 688 ¥T [eusy
100> (z2) 189 (e2) 1€9 (e'8) v62 (¥'8) vzt (09) gevt (T'2) 182y a16ojorewaH
100> (6'79) 1885 (z19) v6es (ze9) evez  (1'SG) eve8  (G'Gv) 62801  (8'€S) 8ES ¢€ 8SEaSIP D1|0CEISW/BULIIOPUS 1BLIO
100> (v'ge) €9ge (ve) ¥86c  (G9e) v6eT  (9'se)2les  (2'82) 269 (G72e) G99 6T (sadAy I1e) sereqel@
100> (0'69) 5559 (z'89) 0065 (z'0L) zeve  (6'€9) 0056  (0'%S) ¥06 2T  (L'T9) TGE L€ o1jogelau/auLI0pUT
10’ (toe (To)e (0ot (co) ve (c0) v (To) /8 awoupuks umod
100> (6'v€) sTEE (6'ee) 1e6c  (cee) 18T (0'62) Goey  (9'8T) 9vvy  (L'92) 8LT 9T Je[nasnwiounau Jaylo
100> (T'vT) ¥reT (Len) ¥81T  (L'€T) 98¥ (56) eTvT (6'¢) 626 (6'8) G5€S enuaweQ
100> (¢'Tv) 606€E (g6e) eeve  (Tov) eyt  (6ce)Ge8y  (S0C) €68y (L°0€) ¥vG 8T [e18]8yjsonasnwi/[eaibojonaN
100> (S'v) 92w (s'v) s8¢ (0'9) 62T (7€) 605 (2'T) sov (z€) Lo6T 8583SIP JeINOSeA01(3130 J3Y10
100> (8'2) 29¢ (92) vee 2 v8 (Te) eov (8'17) 22y (¥'2) GsvT oS
100> (99) 089 (59) 995 (8'9) eve (6°9) 628 (ce) oL (T°s) 080 1eIN9seA0IqaIB)
850" (9°0) 95 (90) 67 (0) ¥T (2'0) 86 (¥0) L6 (s0) v1€ aseasip 1eay [enushuod
100> (5'vS) 6L1S (Tvs)ogoy  (9vs)6e6T  (z6v) vieL  (2'8€) 9€T6  (L'9¥) 8YZ 8C uolsusHadAH
100> (90¢) T16C (T8o)ceve  (v62) ev0T  (6'€2) G65€  (BvT) Gese  (€¢e) 9Lv €T 35BaSIP 1eay JIWAYIS|
100> (6'L2) 8v92 (6'e)geze  (8'2z)G86  (zT2)8yie  (0'T1)€29¢  (2'6T) 2v9 TT ain|ie} LeaH
100> (€'59) 9029 (L'e9) 1168 (0'69) L0gc  (9'85) 6028  (L'vv) 669 0T  (€'GS) ZEV €€ Je|nosenolpred
100> (2'88) 128 (7'88) 6592  (z06) coce  (Tv8)erser (LT 9eT LT (6°08) 926 8Y AreuownduouyAiorelidsaiuoN
100> (8'22) z912 (Tze)eter  (@T2)er.  (8LT)9v9e  (L'0T)8SGc  (9°9T) TS0 0T adod
96T’ (v'6) L68 (56) 618  (¥'1T) 90¥ (96) €evT (T'6) G812 (5'6) 0£25 Bwyisy
100> (90¢) S06¢ (Tog)so9e  (671€)€€TT  (2'92) co6e  (€'6T) 0T9¥  (1°Ge) ST GT Areuownd/Aiorendsey
adA Ag ‘0NN
(9'1€) S00¢ (8'0g) 599z (T'ee) GLTT  (8'Se)eese  (v'eT)soze  (0°€2) 688 ET ¥z
(v)8osy  (9v) 6Tty (S9v) 6v9T  (0'GY) 0699  (6'6€) €vS6  (8'€V) 60S 9C €-¢
(T'2T) 6V1T (ger)sor  (gen)evy  (gsT)00cz  (0'T2) 6205 (S'9T) 6666 1
(8'8) L€8 (z'6) €62 (6'2) 282 (Let)ovoz  (1sz)6€19  (L'9T) 160 0T 0
100> plaguinu Aq ‘sDINN J0 sauobare)
PNeAd  Svamve-sod  §vamve A Tve elpa e A0 ols1e10R feyD

ePOled JUeuIWops Id-1Uel fep

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2024 August 01.

Clin Infect Dis. Author manuscript



Page 19

Griggs et al.

“JUJBAIq 8Q 0] PaISPISU0D 8I8M ZZ0Z Jaquialdas Z Ja1se J0 U0 PaAIadal Sasop aUIdeA YNYW >c<m

*SUOIIPUOD

Buisiwoidwosounuiwi pue ‘onedsy ‘[euss ‘0160jolewWwaY ‘01j0eIBW 10 BULID0PUS ‘[e18|8XS0NIsNL 10 [9160]0IN3U “1BINISBA0I]aI8) ‘Iejnasenolp.es ‘Areuownd 1o Aloxelidsal apnjoul SDIAIN 40 mm:om&moh

'sa)is Bulurewals
3y} WOy SIUN02U3 (960'12) ZE6 0T 404 BUISSIW a1am BIBp |AS PUR 3]qe|IeAR BIep |AS OU pey SIajunodud (%8'72) 0£0 GT PulNgLIU0D S8)IS OM ] "SI81UN0JUB (%6°Zl) 296 G2 104 3|qR|IeAR 10U Sem INS,

‘pajuasald sanjen 4 [enpIAIpUl Yim sajgelien (ou/sak) Areuiq se pajeal) aiam

Auo1uyie pue agel Jo saoBale) 'sdnoib z< Yl sajgeLieA [eo1106e1ed palapio pue SNONUIU0D 104 pawoyIad sem 1s) elisdla] -219ayyouor ay pue sajqerien Aleulq 1oy pasn sem 1sa) afelily-uelydo) ay ._.Q

'€¢0¢ YIIBN 6¢—¢¢0¢ 429010 6¢ -5'Vd
uoJoIWO-Isod 'zg0g 18000 6z-8UNne 6T :§VA/y'VE U0IIIWO ‘220g dUnl 62-YdJeIN LT :T'2T°2'VE/Z'Vd U0IIWO ‘2202 YdIBIN 0£-T20Z J8quwiadaq 9T :T"v'g U0JOIWO ‘TZ0Z Jaquadsq 6Z-aunt T ”E_wom

“UOIIIPUO [edIpaw BulAispun ‘DINN Xapul Aljigesauina
[2190S ‘|AS ‘Z SNIABUOIOD BWI0IPUAS Alojelidsal 8IN0e 818Ass ‘Z-A0D-SHV'S ‘abuel ajienbisiul ‘4O ‘6T0Z 9SeaSIP SMIABUOI0D ‘GT-AIAQD ‘asessip Areuow|nd 8AIONISHO J1UOIYD ‘AdOD SUOHRIABIGAY

‘paredIpUI BSIMIBUI0 SSBIUN (% UWN|0d) ‘0N Se pajussaid ale eleq

100> (+8) 008 Ty 119 (z'9) v8r (e2) L¢€ (00)o (z€) zeoT (uo1o1wQ) 159} BANISOd [83LI0ISIH
100> (6) 655 (T9) evy (8v) 2Lt (9¢) 6€5 (6'T) 9vv (9¢) 65TC (uo1o1E-a1d) 1581 3AISOd [BOLIOISIH
$10308} PaJe|3I PUB UOHIBJUI Z-AOD-SHV'S
100> (5'97) £95T (T7) €6 (00)o (00)o (00)o (2'2) 0997 5°50P uafeAq Auy
(To)8 (00)o (00)o (00)0 (00)0 (00)8 (181500 Upy %@ PIE ‘PU 'IST) SBSOP a1s00q ¥ + SaLas Alewitid
(0°2) 899 (¥0) g (00T 00T (000 (Z'1) €0 (1815000 PJE 7 ‘PuZ ‘IST) SISO J91S00q € + Selias Arewld
(6'€T) 0ZET (rot)cos  (0°G) 9LT (T0) 91 (00) v (o) 81¥2 (493500q pUZ %2 IST) SISOP 131500q Z + SaLI3s Arewltid
(T'52) 88€C (00g) s65¢  (e've) 912T  (8'8) YOET (20) 221 (221) 0892 (1935000 1ST) BSOp 181500q T + S318S AlRwild
(6'€2) €L (Tz2)evee  (0T€)TOTT  (€78) €S9  (viT) 0Ty (O'2) OVS ¥T salles Arewnd patsjdwod
(6'62) ¢v82 (Tze)esre  (L'62) SS0T  (8'65) G688  (8'78) G9S 6T  (1'8S) 6ET SE pajeuddeAun
@®heAd  §Varva-sod  Svaive Zve T've eIRpa IleBAO ols1810B YD

ePO1ad JUBUILIOPS Id-1UelfeA

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2024 August 01.

Clin Infect Dis. Author manuscript



Page 20

Griggs et al.

100> 2 e w-2)¢ w2 w2)e €Dz w-1e p(dO1) UetpaL 'sOAIN 40 saLiobared
(L02) 112 (r1e)s6T  (T91)0S  (9°€2) €1 (02) 802 (e'T2) 089T 70
(522) ogz (Tze)soz  (gse) 6L (Sve) 2es (r'2e) sLL (T°€2) T28T €0
(992) 2/2 (982) 59z (6'€) v, (v'L2) G6S (£'12) 656 (L) 59T 20
(c0e) 80E (6'22) 85z (sve)lor  (9ve)ses  (962)T20T  (2'82) 622C 10
. 29leNb IAS
100> (5971) voE (8sm)ese  (wsmve  (8v1)Les  (912) €8etT (z'81) 09¥Z umouXun
200’ (0et) T2e (56) 1ST (8'6) 09 (9€T) ¥8Y (Tet) 522 (521) T69T SluedsiH
100> (§'12) ¥1€T (Lv2) 1811 (Bv2)8Sy  (9T2)0S6c  (€59) 9./8€ (€'69) 58¢6 oluedsIH-uoN
Aoty
100> (¥°91) 20€ (Lvt) ez (wy1) 88 (891)009  (0°T2) SveT (z'81) 89vC umouxun/IsLRO
100> (e79) 86 (z9)es (6'9) 9¢ (o) 80T (z2)eer (¥°€) 95 uelsy
8 (96) 9.1 (rer)soz (00119 (0'7T) 86% (96) L9S (z'T1) 01GT %oe|g
vse (2'89) €921 (T'29) 2901  (8'69) L2y (1'99) GG€c  (2'29) 066€E (z'29) zot6 aNUM
a0ey
100> (6'2v) 188 (8ev) 969  (sev) 99z  (8Tv) 06vT  (Szv) 61Sc  (2Ev) 268s a[ewad
100> (T29) 856 (z9s) v68  (5'98) ove  (z'89) TL0C  (G'LS) GTvE (8'95) ¥89.2 aleN
XoS
(T02) 0L (Lsm)eve  (vem) 21T (2'TT) 86E (22) 95¥ (2'TT) 065T 682
(8L2) 119 (0L2)oey  (6'€2) 9vT  (0'C) 28L (T'91) 256 (6°0¢) 928¢ ¥8-GL
(T'52) T9v (Lve)eee  (Gve)ost  (z9z)zee  (v'ez) 68ET (9've) seee 7/-G9
(521) 22e (ze1)90e  (r0z)Ger  (cse)L68 (7€) 6Y8T (8'52) 66V ¥9-05
(56) GLT (eer)ete  (Temve  (gs1)2ss  (9T2) €8zt (0'21) 9622 6781
T00> A ‘aby
100> (€8-€9) 7L (t8-19) 2. (¢8-09) 2. (82-18)89 (r.-Sz1s)e9  (8,-99) L9 (4O1) uerpaw ‘A ‘aby
6€8T 065T 219 T95€ €65 9e5 €T "ON ‘S3LU02INO [221IID UM Sjuaied |y
PNeAd  §vamve-sod  §vamve A Tve elpd Il BAO ols1e1e reyd

2P0!Bd JUBUILLIOPS Id-1Uel 1eA

Author Manuscript

Author Manuscript

‘¢ slqeL

€202 Y2IBN 62-T20gZ aunf T Jom1sN NOISIA
‘SPOLIad UBUILIOPaId—abesul|gns uoIoIWQ pue eljag Agq yreaq [endsoH-uj J0/pue uoISSILPY 1UM 84D aAISUSIU| UR YIAA S)NPY JO SoNnsiIgoeRy)

Author Manuscript

Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2024 August 01.



Page 21

Griggs et al.

100> snjels UoieulooeA 6T-AIAOD
100> (8'€2) 8ev (rse)eee  (G€c) vvT  (€'6T) 689 (LzT) 162 (6'27) T2ve uonpuod Buisiwoidwodounuiwi
100> (ge1) ogz (e ete  (81m)es  (oemsey  (zoT) €09 (7'11) 9¥ST onedaH
100> (zL€) 89 (6'se) 1.6 (T'9g)Tee  (G1€) TeTT  (T'6T) E€ETT (9'22) TELE [eusy
180° (8'21) 562 (er)set  (rem) oL (0'vT) 00§ (z'11) €99 (re1) 2Lot o1BojojelsH
100> (8'79) T6TT (gg9)zvoT  (829) STy (#68) 9TTZ  (L°0S) 800€ (r'29) 2LLL 35e3S1P 01]0GEIBW/3ULIO0PUS JBYIO
100> (z'8¢) 2oL (L'2€)66G  (Sov)8ve (2'8€) 09€T  (L'2E) OV6T (g's€) 6v8Y (sedAy 11e) seveqer@
100> (2'02) TOET (redovit vl sy (129 Tove  (S'69) €€5€ (e'59) 8e88 01]0gEIBW/3ULII0pUT
690° (000 (€0 v (000 (co) 8 (e0)sT (¢o) L2 awo.puhs umog
100> ('8v) 068 v 11L (evv)Sse  (STv) vt (9°62) LSLT (8'2¢) 0118 Jejnasnwioinau Jaylo
100> (21) 822 (ret)soz (621 6L (06) zee (e'v) 852 (1'8) G60T enusweQ
100> (529) 596 (L8r)veL  (e6v)zoe  (zwy)G.6T  (§T€)898T  (S'0Y) ¥8YS [E18]8%50|N2sNw/[ealBojonaN
100> (09) T1T (6'9) ¥6 (g'9) ov (r'v) L6T (29 oet (6°€) zes 3seasIp Je|NJSeA01(a1ad Jaylo
100> (59) 61T (9°9) soT (¥q) €€ (6'9) LT (8¢) 8¢z (¥'s) zeL aons
100> (801) 861 (eTr)08T  (801)99  (86) 8YE (r's) eze (zg) g1t IRINOSBAOIGRIBD)
800° (1) ez (80) 2T (80) s (01) ae (s0) og (8'0) vOT aseaslp Heay [e)uabuod
100> (5'28) 250T (Lvs)e98  (9's8) ove  (#0S) v6LT  (S°OV) SOvE (8'2) S9v9 uoIsuspadAH
100> (5°2€) 689 wve)Lvs  (9se)81e  (c1e)OTTT  (902) Geer  (0'82) 68L€ 8seasIp 1eay oIWayos|
100> (T'9¢) 99 (Lve)ess  (gee) Loz (L'92) 286 (2'5T) 0g6 ('ve) soee ain|re} LesH
100> (8'69) 82T (L29) 220t (€290 2ty (0v9)8L2e  (S0) 6662 (5'65) 0508 Je|nasenolpled
100> (¥'68) v¥9T (606) SP¥T  (ST6) 095  (8'98) 060  (T'22) L5y (9'€8) 9TE TT Areuow|nduou/AIorelidsaiuoN
100> (0'52) 65V (9z2) 09 (0'Ge) eST  (¥'6T) 269 (82t) 252 (6'21) Teve adod
e1e (¥'8) ¥ST ('8) €€T (001) 19 (z'8) 162 (2'2) 85 (18) L60T Bwiyisy
100> (5T€) 08 (c62) 99y (cve)eoc (r9e) w6 (66T)€8TT  (0°Ge) 6L€€ Areuownd/Kiotendsey
adA1 Aq ‘sDINN
(5'sv) 9€8 (ezv)eL9  (zev)sse (e2€) Lzer  (8'22) esetT (8'2¢) ovvy ¥z
(L98) 5.9 (cov)eed  (0Tr)TSC  (T6E) v6ET  (8'6€)29cc  (£°6€) TeeS €
(56) GLT (¥'6) 0ST (com 19 (T2r)1Ew ('91) €26 (z'eT) 0621 T
(e'8) €5T (T'8) 8¢tT (6'9) 2 (gtn)eor  (0'T2) L¥eT (9'v1) 66T 0
100> plaguinu Aq ‘sDIAN Jo sariobare)
PNeAd  Svamve-sod  §vamve Zve Tve elpd Il BAO ols1e1e reyd

ePOlied JUeuIWOps Id-1Uel fep

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2024 August 01.

Clin Infect Dis. Author manuscript



Page 22

Griggs et al.

“JUJBAIq 8Q 0] PaISPISU0D 8I8M ZZ0Z Jaquialdas Z Jalse 10 U PaAIadal Sasop au1ddeA YNYHW >c<m

*SUOIIPUOD

Buisiwoisdwosounuiwi pue ‘onedsy ‘[euss ‘0160jolewWwaY ‘01j0eIBW 10 BULID0PUS ‘[L18|8XS0NISNL 10 [9160]0IN3U ‘1BINISBA0I]aI8) ‘Iejnasenolp.es ‘Areuow|nd 1o Aloyeidsal apnjoul SDIAIN 40 mm:omamon

'sa)Is Bulurewsal ay) WoJy s181unoous
a13nas 10 (949°22) ¥SOE J0) BuIsSIW a1am exep |AS pue ajqejieAe ejep |AS Ou pey S11UNoous 31anas (%4T'6T) /852 BuliNgLIu0D SalIs OM| SI3JUN0OUS 313A3S (%/ T) T#9G 101 3|qe|IeAR 10U SeM IAS,

‘pajuasald sanjen 4 [enpIAIpUl Yim sajgelien (ou/sak) Areulq se pajeal) aiam

Auo1uyie pue agel Jo saobale) 'sdnoib z< Ylm sajgetiea [eo1106e1ed palapio pue SNoNUIU0D 1oy pawoyiad sem 1s) eisdla] -219ayyouor 8y pue sajqerien Aleulq 1oy pasn sem 1sa) afelly-Uelyd0) ay ._.Q

"£202 YdIBIN 622202 4300300 62 1G"Vd U0JIIWO-Isod 1zz0g 48¢0300 6Z-aun( 6T 1§'Vd/y Ve U0IDIWO 2202
auUN[ 62-YJIBIN /T :T°2T'2'Va/Z vg UOIIWO :Z20Z YoJeIN 0-TZ0Z 18qwisdaq 9T :T°vg U0JIIWO ‘TZ0g Jaquiadad 6z—aun( T :eljad :papnjoul spoliad Jueuiwopaid-jueLien Joj salis ssosoe sabuel ard,

“UOIIIPUO [edIpal BulAispun ‘DNN Xapul Aljigelauina
[2190S ‘|AS ‘Z SNIABUOIOD BWI0IPUAS Alo1elidsal 8IN0e 818Ass ‘Z-A0D-SHV'S ‘abuel ajiuenbiaiul ‘HO| ‘6T0Z 9SeasIP SIABUOI0D ‘GT-AIAQD ‘asessip Areuow|nd 8AIONISYO J1UOIYD ‘AdOD SUOHRIABIGYY

‘pajedIpUI BSIMIBUI0 SSBIUN (% UWIN|02) 0N Se pajussaid ale eleq

100> (e6) TLT (2'8) 8T (e'8) 1§ (6'T) 99 (000 (T¢) 9z (uo1o1WQ) 1593 BAIISOd [BILIOISIH
100> (Lv) 18 (Sv) 1L (T'v) 52 (T'e) 60T (8'1) 60T (0¢) oV (uoso1wE-a1d) 1581 3ANISOd [2OLIOISIH
$10308} PaJe|aI PUB UORIBJUI Z-AOD-SHV'S
100> (9v1) 692 (60) 5T (000 (00)o (00)o (T2) v8e 950P JBJeAIq Auy
(zo)e (000 (00)o (000 (000 (00) e (181500 Ypy %@ PIE ‘PU 'IST) SBSOP a1s00q ¢ + SaLas Alewitid
(e9) 26 (€0 v (000 (0o (00 o (20) TOT (4995000 pIg 7 'pug ‘IST) SISOP 131S00Q € + S3LIAS Arewitid
(6'TT) 812 (g'6) 16T (g2 gt (To)v (000 (6'2) 88¢ (4938000 pUZ % IST) S8SOP 481S00Q ¢ + Salias Arewtid
(zv2) svv (092) ety (L62) 28T (89)eve (90) g¢ (2'6) 81€T (4235000 1ST) BSOp 181500q T + S318S AlRWilId
(sv2) 157 (65 ety (67€)S6T  (8°22) 066 (9%7) 598 (5'12) €162 sanas Arewnd pajordwod
(0've) 529 (rge) 019 (6'€) 02z (£'99) vzee  (8'8) vEOS (T'99) €188 pajeudoeAun
PNeAd SVErvE-sod  §vanve Zvd Tve eIRpa IleBAO aIs1RR YD

2P0!Bd JUBUILLIOPS Id-1Ue] TeA

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

; available in PMC 2024 August 01.

Clin Infect Dis. Author manuscript



	Abstract
	METHODS
	Setting and Design
	Study Population
	Vaccination Status
	Classification of Variant-Predominant Periods
	Outcome Classification
	Statistical Analysis

	RESULTS
	Characteristics of Hospitalized Patients Across Predominant Periods
	Characteristics of Patients With Critical COVID-19 Outcomes and Trends Across Predominant Periods
	Risk Factors for Critical Outcomes Across Predominant Periods

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Table 1.
	Table 2.

