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Article summary:
Using clinical and demographic data from COVID-19 hospitalizations at atertiary New Y ork
City medical center, we show that a reduction in mortality during the second epidemic wave was

associated with decreased strain on healthcare resources.
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Abstract

Many regions have experienced successive epidemic waves of COVID-19 since the emergence
of SARS-CoV-2 with heterogeneous differences in mortality. Elucidating factors differentially
associated with mortality between epidemic waves may inform clinical and public health
strategies. We examined clinical and demographic data among patients admitted with COVID-19
during the first (March-June 2020) and second (December 2020-March 2021) epidemic waves at
an academic medical center in New Y ork City. Hospitalized patients (N=4631) had lower
mortality during the second wave (14%) than the first (23%). Patients in the second wave had a
lower 30-day mortality (Hazard Ratio (HR) 0.52, 95% CI 0.44, 0.61) than those in the first wave.
The mortality decrease persisted after adjusting for confounders except for the volume of
COVID-19 admissions (HR 0.88, 95% CI 0.70, 1.11), a measure of health system strain. Several
demographic and clinical patient factors were associated with an increased risk of mortality

independent of wave.

I ntroduction

By March 15, 2022, Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2),
which causes Coronavirus Disease 2019 (COVID-19), hasled to over 460 million confirmed
infections and over 6 million deaths worldwide (1). New Y ork City (NY C) experienced one of
the earliest and largest local epidemics with a peak of over 16,000 daily hospitalizations and 700
daily deathsin April 2020 (2). COVID-19 infectionsin New Y ork City declined and remained
relatively low from July through November 2020 averaging fewer than 60 hospitalizations per

day and 15 deaths per day during thistime period (2). A second epidemic wave occurred from
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December 2020 through March 2021 resulting in a peak of nearly 400 daily hospitalizations and
90 daily deaths by February 2021(2).

Data from the US and Europe showed significant heterogeneity in mortality rates
between the first and subsequent waves of COVID-19 (3,4). While many regions have reported
lower case-fatality rates (CFRS) in the second epidemic wave compared to the first, some
countries have demonstrated the reverse pattern (5—7). Explanations for the frequently-observed
mortality reduction over time include the development and use of effective therapies, seasonal
effects, viral variant effects, age, race, ethnicity, and co-morbidity differences, but these
hypotheses have been under-explored (8). In the U.S,, race, and ethnicity have been strong
correlates of COVID-19 mortality and may play arolein observed differences between epidemic
waves (9). Among regions with atrend toward increased mortality in the second wave, proposed
explanations include increased pressure on the healthcare system as well as the emergence of
new viral variants (7). Previous studies reporting CFRs between epidemic periods were not able
to examine the impact of related demographic, health system, or environmental factors.

Here, we investigated whether mortality differed by epidemic wave; and whether
individual-level demographic (e.g., age, race, and ethnicity) and clinical factors, as well as
markers of health system burden, affected mortality among COVID-19 patients admitted to an

academic medical center and an affiliated community hospital in New Y ork City.

Methods
Data Sources
The study was conducted at alarge quaternary academic medical center and an affiliated

community hospital in New York, NY, USA. Patients included were admitted with a positive or
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86  presumed positive SARS-CoV-2 RT-PCR test within two days of hospital presentation between

87  March 1, 2020 and March 31, 2021. Data were extracted and cleaned from the medical center

88  clinical data warehouse and electronic health record (EHR) as previously described (10-12).

89  Patient demographics, anthropometric measurements, SARS-CoV-2 RT-PCR cycle threshold

90 (Ct) value, level of respiratory support, Intensive Care Unit (ICU) admission status, historical

91  and current medications, and discharge status were collected. Study approvals were obtained

92  from the Columbia University Irving Medical Center Institutional Review Board (IRB), New

93  York, NY, USA. The requirement for obtaining written informed consent was waived by the

94 IRB.

95

96 Variables Assessed

97 We defined COVID-19 cases in our cohort by three epidemic periods; the interval where

98  casesincreased, peaked, and decreased, were called waves. The first wave was defined from

99  March 1, 2020, to June 30, 2020; the inter-epidemic period from July 1, 2020, to November 30,
100  2020; and the second wave from December 1, 2020, to March 31, 2021. Sex, age, race, and
101  ethnicity were self-reported. Body mass index (BMI) was collected on admission and cal culated
102 by dividing weight in kilograms by the square of height in meters. BMI was categorized using a
103 > 30kg/m? cut point for obese and < 30kg/m?® as normal. Viral load assessments based on SARS-
104 CoV-2 RT-PCR Ct values were reported for cobas (Roche Molecular Systems, Inc., Branchburg,
105  NJ), and Xpert Xpress assays (Cepheid, Inc., Sunnyvale, CA), but not for the BioFire
106  Respiratory Panel assay (BioFire Diagnostics, Salt Lake City, UT). The ORFlab gene was
107  targeted for the cobas assay and the N2 gene was targeted for the X pert Xpress assays.

108  Quantitative Ct values were converted to high, medium, and low viral load categories based on
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109 tertiles. For the cobas assay, high, medium, and low viral load was defined by Ct values <25, 25-
110 30, and >30, respectively. For the Xpert Xpress assay, high, medium, and low viral load were
111 defined by Ct values <27, 27-32, and >32, respectively. Choice of viral load assay was based on
112  laboratory needs, resources, and timing. The level of respiratory support at hospital presentation
113 wasrecorded as: room air, nasal cannula, non-rebreather, non-invasive ventilation, or intubation.
114  We also recorded whether patients or their decision-makers elected for Do-Not-Intubate (DNI)
115  status. Patients admitted into an ICU within 24 hours of hospital admission were considered as
116  admitted to an ICU at presentation. Steroid usage was defined by documented receipt of

117  intravenous or oral formulations of prednisone, dexamethasone, or methylprednisolone. Use of
118  remdesivir, thefirst antiviral agent approved by the Food and Drug Administration (FDA) for
119 COVID-19, was aso recorded (13). Underlying coronary artery disease (CAD), chronic kidney
120  disease (CKD), diabetes mdllitus (DM), or hypertension (HTN) was defined by current or

121 higtorical International Classification of Disease (ICD-10) codes (Table S1). We calculated the
122  age-adjusted Charlson Comorbidity Index (CCI) using the EHR (14). Hospital Frailty Risk Score
123 (HFRS) was calculated among patients > 75 years old (15). The weekly number of SARS-CoV-2
124  admissions were recorded as a proxy of the hospital COVID-19 burden. The primary outcome
125  wasdeath or discharge to hospice. Survival time was calculated as days from the date of hospital
126  admission to the date of death or discharge to hospice for events and from admission to discharge
127  divefor therest.

128

129  Satistical Analyses

130 Histogram plots were used to visualize the distribution of COVID-19 cases and

131  admissions. Descriptive statistics were reported including counts with percentages, medians and
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132 their interquartile ranges (IQRs), and box-and-whisker plots. The Wilcoxon rank-sum test was
133 used to compare groups for continuous variables, and y 7 test was used for categorical

134  variables. Unadjusted logistic regression analyses were used to estimate the associations between
135  epidemic wave and patient demographic, anthropometric, clinical, and viral load characteristics.
136  Thewave was defined as a binary variable and the inter-epidemic period was excluded in

137  regression analyses.

138 Mortality was examined using Kaplan-Meier survival analysis and Cox Proportional

139  Hazards models. Deaths included those discharged to hospice and time to death was calculated
140  from the date of admission. Those who did not die were considered alive until March 31, 2021.
141 In Cox Proportional Hazards analyses, survival times were right censored on day 30 after

142  admission. Proportional hazards assumption was examined through graphical examination. Final
143  models focused on 30-day survival and investigated potential covariablesin conjunction with the
144  epidemic wave. Models were also run separately for those > 75 years old. All statistical analyses
145  were conducted using R Studio (Boston, MA, USA).

146

147  Results

148 Patients who met inclusion criteria (N=4631) were grouped by date of admission into the
149  first wave (March 1, 2020, to June 30, 2020; N=2846), an inter-epidemic period (July 1, 2020, to
150  November 30, 2020; N=366), and the second wave (December 1, 2020, to March 31, 2021;

151 N=1419).

152 The volume of SARS-CoV-2 cases and admissions (Figure 1A-B) vastly differed

153  between waves 1 and 2. The median length of hospitalization among patients who died or were

154  discharged to hospice (Figure 1C) was shorter in wave 1 than 2. The distribution of length of
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155  hospital stay among patients who were discharged alive did not differ by epidemic wave (Figure
156  1D). Monthly mortality rate (per 100 inpatients) peaked at >25% in April 2020 during the first
157  wave, declined to 5-10% during the inter-epidemic period, and rose to 15% during the second
158  wave (Figure S1).

159 Table 1 shows patient characteristics by epidemic period and the unadjusted association
160  between each covariate and wave. Wave 2 patients were 0.56 (95% CI 0.47, 0.66) times aslikely
161  to experience death, representing 23% of wave 1 patients and 14% of wave 2 patients. Patientsin
162  theinter-epidemic period were 0.36 (95% CI 0.26, 0.52) times as likely to experience death as
163  thosein wave 1. Age, history of co-morbidities, Charlson comorbidity index, and hospital frailty
164  risk score did not differ by wave. Patients during the second wave were less likely to identify as
165  male (51% versus 57%), identify as Non-Hispanic Black (11% versus 14%), to have DNI status
166  (25% versus 33%), and be admitted to the ICU at presentation (7% versus 11%). Wave 2 patients
167 were 1.31 (95% CI 1.02, 1.69) times as likely to have alow Ct value (high viral load). However,
168  only 23% of patientsin the second wave had recorded Ct values compared with 97% during the
169  first wave dueto the use of different testing assays. Patients during the second wave were less
170  likely to require supplemental oxygen (58% versus 65%), non-rebreather mask (5% versus 22%),
171 and invasive mechanical ventilation (4% versus 6%) at presentation. Patients in the second wave
172 were also more likely to receive supplemental oxygen vianasal cannula (48% versus 36%) and
173 non-invasive ventilation (2% versus 1%). Steroid and remdesivir use in wave 2 were 7.04 (95%
174 Cl16.12, 8.10) and 24.77-fold (95% CI 19.41, 31.60) higher than wave 1, respectively. Weekly
175  COVID-19 admissions divided by 50 were 0.54 times less in wave 2 compared to wave 1 (95%

176  Cl 0.52, 0.57).
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177 Figure 2A-D show Kaplan-Meer plots comparing survival between wave 1, inter-

178  epidemic period, and wave 2 (log-rank test, p<0.001). For wave 1, the cumulative survival

179  probabilities declined from 0.87 on day 7 to 0.79 by day 30 after admission, worse than in wave
180 2 wherethese probabilities were 0.97 at day 7 and 0.88 by day 30 (Figure 2). Survival

181  probabilities were lower among patients > 75 years old across both waves but the pattern of

182  improved survival in wave 2 persisted (Figure 2).

183 Unadjusted Cox regression for 30-day survival showed a 0.52-fold (95% CI 0.44, 0.61)
184  reduction in risk of death in wave 2 compared to wave 1 (Table 2). The lower risk of death

185  associated with wave 2 persisted after adjusting for potential demographic confounders. For

186  example, after adjusting for age, sex, and race individually, wave 2 was associated with 0.46

187  (95% CI 0.38, 0.54), 0.52 (0.44, 0.61), and 0.51-fold (0.43, 0.61) lower mortality rate,

188  respectively than wave 1. Oxygen level at presentation, a marker of the severity of disease,

189  attenuated the association between wave and mortality, although hazard ratios remained below 1
190 and statistically significant. After adjusting for the volume of weekly COVID-19 admissions, a
191  marker of health service strain, wave 2 was no longer associated with lower mortality (HR=0.88,
192 95% CI 0.70, 1.11).

193 Table 2 also shows increasing age, identifying as non-Hispanic white, lower Ct values,
194  DNI status, supplementary oxygen requirement at presentation, ICU admission at presentation,
195  and the volume of COVID-19 admissions were each associated with higher mortality rate after
196  adjusting for wave. Among patients > 75 years of age, wave 2 had a 0.43-fold (95% CI 0.35,

197  0.53) reduced risk of death compared to wave 1 (Table S2), and the mortality pattern was similar

198  tothat seenin the overall sample.
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199 We expected steroid and remdesivir use to be associated with reduced mortality but

200  recognize that confounding by indication may produce results showing the opposite. Therefore,
201 we conducted stratified analyses by wave and ICU status (Table S3). These analyses suggested
202  that steroid and remdesivir effects were modified by wavei.e., lowered mortality risk in wave
203  one, ICU patients, and no benefit or slightly increased mortality risk in wave two. Particularly in
204  wave 1, there was a strong suggestion of confounding by indication for steroids.

205

206  Discussion

207 NY C, like many other parts of the world, has experienced multiple distinct epidemic
208  waves of COVID-19 (2-5,7). Our anaysis of 4631 patients admitted with SARS-CoV-2 during
209  thefirst two epidemic waves and the inter-epidemic period revealed a decrease in risk of death or
210  discharge to hospice in wave 2 compared to the wave 1. The association between wave and

211 mortality persisted after covariate adjustment for several factors including age, sex, race, and
212 markers of disease severity. However, the association between wave and mortality disappeared
213 after adjusting for the volume of COVID-19 admissions suggesting that strain on hospital

214 resources may have been one of the factors accounting for the high mortality rate in epidemic
215  wave 1. Although the duration of hospital stay did not differ among patients who were

216  discharged alive, the median time to death in the second wave was nearly one week longer than
217  inwavel.

218 There were several other variables correlated with decreased mortality. Patients

219  presenting in the second wave were less likely to require oxygen at presentation. Among those
220  who did require oxygen, patientsin the second wave were more likely to require nasal cannula,

221  suggesting that their disease was less severe at the time of presentation. It islikely that during the

10
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222 first wave, when hospitalsin NY C were widely reported to be overwhelmed, patients may have
223 been more reluctant to present to the hospital until they developed a greater degree of respiratory
224  distress, resulting in a higher chance of intubation on arrival. We did not observe differencesin
225  frailty among patients age > 75 years old, individual co-morbidities or Charlson comorbidity

226  index over time.

227 Interventions may also account for differences in the mortality between the two waves.
228  Non-invasive ventilation was commonly avoided early in the pandemic due to concerns about
229  aerosolizing the virus as well as the theory that early intubation would lead to lessrisk of lung
230 injury (16,17). This approach was later questioned, and subsequent studies demonstrated no

231 benefit to early intubation for COVID-19, leading to increased use of non-invasive ventilation
232 during the second epidemic wave (16-18). We observed effect modification by epidemic wave,
233  and aparadoxical effect of COVID-19 therapies on mortality in wave two. Therapeutic use of
234  low-dose corticosteroid and remdesivir were associated with lower mortality in wave 1. We used
235  ICU status as a proxy for disease severity and it partialy explained the association between

236  steroid and remdesivir use and increased mortality observed in wave 2. Early in the COVID-19
237  pandemic, corticosteroids were proposed as a potential intervention to counteract progression to
238  acuterespiratory distress syndrome (ARDS). Still, their use was not routine in many centersin
239  part dueto alack of supportive data for corticosteroids in ARDS dueto influenza (19). In July
240 2020, the RECOVERY group published data showing a reduction in mortality with the use of
241  dexamethasone among patients receiving supplemental oxygen, resulting in widespread adoption
242  of corticosteroid use for patients admitted with COVID-19 (20). We observed a much higher rate
243 of steroid use among patients in the second wave, which may have contributed to that group’s

244  lower overall mortality rate, and associated with mortality due to the residual confounding effect

11
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245  of use by disease severity that we could not measure or control for in thisanalysis. It islikely
246  that other changesin the clinical management of COVID-19 patients based on accumulated data
247  throughout the pandemic similarly contributed to the lower mortality. Remdesivir became a

248  widely used anti-viral for admitted patients requiring oxygen and the first anti-viral to be FDA-
249  approved for COVID-19. However, it was only shown to shorten time to recovery rather than
250  reduce mortality (13,21). Monoclonal antibody therapies also became available for patients early
251  inthe course of infection with mild symptoms (22,23). Early proning of patients requiring

252  respiratory support was also associated with improved ventilation and outcomes (24,25). As data
253  were gathered throughout the early months of the pandemic, clinicians and hospitals rapidly

254  assembled and distributed COVID-19 management guidelines to delineate the most evidence-
255  based and proven interventions. These protocols undoubtedly led to better uniformity in clinical
256  practice, decreased use of unproven or ineffective therapies, and greater use of treatments with
257  thepotential to reduce mortality.

258 In December 2020, the FDA granted emergency use authorization (EUA) to mRNA-

259  based COVID-19 vaccines devel oped by Pfizer/BioNTech and Moderna (26-29). Increasing

260  prevalence of vaccination during the second epidemic wave in NY C may have contributed to
261  decreasesin COVID-19 admissions, especially among high-risk groups. Basdline patient

262  characteristicsincluding age, sex, race/ethnicity, BMI, and the presence of several co-morbidities
263  were similar between the two epidemic waves, suggesting that the availability of vaccines did
264  not ater the overall demographics of patients admitted with COVID-19 through March 31, 2021.
265  We suspect that vaccination had alimited impact on mortality in the second wave since vaccine

266  uptakein the population at risk by March 31, 2021 was still highly limited.

12
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267 Rapid increases in COVID-19 cases during epidemic waves put substantial pressure on
268  healthcare systems worldwide. During the first wave in NY C, many hospitals were overwhelmed
269  with therapid influx of patients combined with staff and equipment shortages, including limited
270  ventilators, personal protective equipment (PPE), and certain essential medications. Studies have
271 shown thecritical importance of adequate medical resources with COVID-19 mortality

272 inversdly-correlated with available hospital beds and healthcare workers (30). In our analysis, we
273  seeasdignificant association between COVID-19 mortality and the rate of COVID-19

274  admissions. This relationship may be explained by the strain placed on hospital resources with
275 increasing COVID-19 cases. We note that the second wave in NY C reached a lower peak

276 number of cases with a more even distribution of admissions over the same period (2). In our

277  analysis, over twice as many patients were admitted with COVID-19 during the four-month first
278  wave compared to the four-month second wave period. Thisresult isin line with studies

279  associating efforts that flatten the curve of COVID-19 cases with reduced case fatality (31).

280 Lastly, differencesin mortality by wave may be affected by evolution of SARS-CoV-2
281  and the prevalence of different viral genotypes. Wave 2 in NY C was primarily driven by

282  multiple variants of the ancestral SARS-CoV-2 lineage (32). Multiple subtypes of the lota

283  (B.1.526) lineage were characterized in NY C during the second wave, with a high prevalence of
284  the E484K mutation, which is associated with resistance to therapeutic monoclonal antibodies as
285  well as convalescent and vaccinee sera (32). The lota lineage was subsequently outpaced by the
286  Alpha(B.1.1.7) variant of concernin NY C, which several studies have associated with both

287  increased transmissibility and mortality compared to the ancestral virus (33,34).

288

289  Limitations

13
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290 Our study has several limitations. Cases of COVID-19 included in thisanalysis are likely
291  to beundercounted from the first wave. All cases admitted with positive tests during this period
292 would beincluded. Still, testing capacity was limited at the time resulting in tests being

293  prioritized for patients with high clinical suspicion of COVID-19 or underlying comorbidities.
294  Detection of incidental COVID-19 likely increased in the second wave when routine testing was
295  widely available. Information bias in the EHR resulted in inadequate information to accurately
296  characterize patients with co-morbid conditions. RT-PCR Ct data were also missingin a

297  differential way that could have biased findingsin either direction. The inclusion of patients

298  admitted to our ingtitution may also not wholly reflect NY C-wide cases since some individuals
299  likely decided to avoid presentation to the hospital, especially during the first pandemic wave. In
300 addition, it ispossible that pre-existing immunity had a differential impact on infections and

301  severeillness during the second wave. Our conclusions are limited to hospitalized patients.

302  Extrapolating to the general population can increase the likelihood of Berkson’s biasin

303 identifying spurious correlations not present outside the hospital setting. Our estimates of

304 hospital capacity are based on COVID-19 admissions due to difficulties accurately estimating
305 total hospital admissions from our database. Patients admitted with COVID-19, however, utilize
306  specific hospital resources that would be expected to impact the care of other COVID-19

307 patients, including oxygen, ventilators, and ICU beds and staff. While the global population of
308  admitted patients may not be expected to utilize the same hospital resources to the same degree,
309  some conditions such as other respiratory viral infections, bacterial pneumonia, asthma, chronic
310  obstructive pulmonary disease, interstitial lung disease, and heart failure may be expected to

311 utilize similar resources and would not be accounted for in our analysis. These data would be

312  strengthened by estimating ICU bed capacity. We reduced selection bias in our sample and
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313 model specification by right censoring patients after 30 days since the proportional odds

314  assumption did not hold. Patients observed for longer than 30 days were a small subset and

315  excluded from regression analyses.

316

317  Public Health Implications

318 We noted a distinct reduction in COVID-19 mortality between the first and second

319  epidemic wavesin NY C associated with several covariates. The explanation for thisreduction is
320 multifactorial and likely includes standardization of COVID-19 management, availability, and
321 knowledge of effective therapies, knowledge of ineffective treatments and interventions, as well
322  asreduced strain on critical healthcare resources. Public health interventions are also likely to be
323  critical contributors to the observed mortality differences given changesin lockdown policies,
324  mask guidance, social distancing behavior, availability and speed of SARS-CoV-2 testing, and
325 availability of vaccines for high-risk groups. A focus on the specific variables associated with
326  reduced and increased mortality in this analysis may help prepare for future potential epidemic
327  waves by improving the accuracy of COVID-19 projections, demographic impact, policy

328 decisons, and public health preparations. Furthermore, plans to address future potential

329  pandemics may benefit from prioritizing rapid, systematic methods of studying and developing
330 treatment standards and plansto rapidly adjust hospital capacity and scale up necessary

331 resources.

15


https://doi.org/10.1101/2022.03.29.22273044
http://creativecommons.org/licenses/by-nc/4.0/

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

medRxiv preprint doi: https://doi.org/10.1101/2022.03.29.22273044; this version posted March 30, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY-NC 4.0 International license .

References

1.

Johns Hopkins. Coronavirus Resource Center [Internet]. Johns Hopkins Coronavirus
Resource Center. 2022 [cited 2022 Mar 15]. p. 1. Available from:
https://coronavirus.jhu.edu/map.html

DOH N. NYC Health COVID-19 Data[Internet]. NY C Department of Health. 2021.
Available from: https.//www1.nyc.gov/site/doh/data/data-home.page

James N, Menzies M, Radchenko P. COVID-19 second wave mortality in Europe and the
United States. Chaos An Interdiscip JNonlinear Sci [Internet]. 2021 Mar 16 [cited 2021
Aug 26];31(3):031105. Available from:

https://ai p.scitation.org/doi/abs/10.1063/5.0041569

Oladunjoye O, Gallagher M, Wasser T, Oladunjoye A, Paladugu S, Donato A. Mortality
dueto COVID-19 infection: A comparison of first and second waves. J Community Hosp
Intern Med Perspect [ Internet]. 2021 Nov 2 [cited 2021 Nov 29];11(6):747. Available
from: /pmc/articles/PMC8604511/

Fan G, Yang Z,LinQ, Zhao S, Yang L, He D. Decreased Case Fatality Rate of COVID-
19 in the Second Wave: A study in 53 countries or regions. Transbound Emerg Dis
[Internet]. 2021 Mar 1 [cited 2021 Aug 26];68(2):213-5. Available from:
https://onlinelibrary.wiley.com/doi/full/10.1111/tbed.13819

Salyer SJ, Maeda J, Sembuche S, Kebede Y, Tshangela A, Moussif M, et a. Thefirst and
second waves of the COVID-19 pandemic in Africa: a cross-sectional study. Lancet
(London, England) [Internet]. 2021 Apr 3 [cited 2022 Jan 10];397(10281):1265-75.
Available from: https://pubmed.ncbi.nlm.nih.gov/33773118/

Jassat W, Mudara C, Ozougwu L, Tempia S, Blumberg L, Davies M-A, et a. Increased

16


https://doi.org/10.1101/2022.03.29.22273044
http://creativecommons.org/licenses/by-nc/4.0/

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

medRxiv preprint doi: https://doi.org/10.1101/2022.03.29.22273044; this version posted March 30, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

10.

11.

12.

It is made available under a CC-BY-NC 4.0 International license .

mortality among individuals hospitalised with COVID-19 during the second wavein
South Africa. medRxiv [Internet]. 2021 Mar 10 [cited 2021 Aug
26];2021.03.09.21253184. Available from:
https://mww.medrxiv.org/content/10.1101/2021.03.09.21253184v1

Nafilyan V, Idam N, Mathur R, Ayoubkhani D, Banerjee A, Glickman M, et a. Ethnic
differences in COVID-19 mortality during the first two waves of the Coronavirus
Pandemic: a nationwide cohort study of 29 million adultsin England. Eur J Epidemiol
[Internet]. 2021 Jun 1 [cited 2022 Jan 13];36(6):605—-17. Available from:
https://pubmed.ncbi.nlm.nih.gov/34132940/

AcostaAM, Garg S, Pham H, Whitaker M, Anglin O, O'Halloran A, et al. Racial and
Ethnic Disparities in Rates of COVID-19-Associated Hospitalization, Intensive Care Unit
Admission, and In-Hospital Death in the United States From March 2020 to February
2021. JAMA Netw open [Internet]. 2021 Oct 21 [cited 2022 Jan 13];4(10). Available
from: https://pubmed.nchi.nim.nih.gov/34673962/

GelerisJ, Sun 'Y, Platt J, Zucker J, Baldwin M, Hripcsak G, et a. Observational Study of
Hydroxychloroquine in Hospitalized Patients with Covid-19. N Engl JMed [Internet].
2020 Jun 18 [cited 2021 Sep 18];382(25):2411-8. Available from:

/pmc/articles/ PM C7224609/

Argenziano MG, Bruce SL, Slater CL, Tiao JR, Baldwin MR, Barr RG, et 4.
Characterization and clinical course of 1000 patients with coronavirus disease 2019 in
New Y ork: retrospective case series. BMJ[Internet]. 2020 [cited 2021 Sep 18];369.
Available from: /pmc/articless PMC7256651/

Anderson MR, Geleris J, Anderson DR, Zucker J, Nobel YR, Freedberg D, et al. Body

17


https://doi.org/10.1101/2022.03.29.22273044
http://creativecommons.org/licenses/by-nc/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2022.03.29.22273044; this version posted March 30, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC 4.0 International license .

378 Mass Index and Risk for Intubation or Death in SARS-CoV-2 Infection: A Retrospective
379 Cohort Study. Ann Intern Med [Internet]. 2020 Nov 17 [cited 2021 Sep 18];173(10):782—
380 90. Available from: /pmc/articless PMC7397550/

381 13. FDA. FDA Approves First Treatment for COVID-19 | FDA [Internet]. Food and Drug
382 Administration. 2020 [cited 2021 Oct 11]. Available from: https.//www.fda.gov/news-
383 events/press-announcements/fda-approves-first-treatment-covid-19

384 14. MC,TPS,JP, JG. Validation of acombined comorbidity index. J Clin Epidemiol
385 [Internet]. 1994 [cited 2021 Sep 18];47(11):1245-51. Available from:

386 https://pubmed.ncbi.nim.nih.gov/7722560/

387 15. Gilbert T, Neuburger J, Kraindler J, Keeble E, Smith P, Ariti C, et al. Devel opment and

388 validation of a Hospital Frailty Risk Score focusing on older people in acute care settings
389 using electronic hospital records: an observational study. Lancet [Internet]. 2018 May 5
390 [cited 2021 Sep 18];391(10132):1775-82. Available from:

391 http://www.thelancet.com/article/S0140673618306688/ful ltext

392 16. Tobin MJ, Laghi F, Jubran A. Caution about early intubation and mechanical ventilation

393 in COVID-19. Ann Intensive Care 2020 101 [Internet]. 2020 Jun 9 [cited 2021 Sep
394 18];10(1):1-3. Available from:
395 https://annal sofintensivecare.springeropen.com/articles/10.1186/s13613-020-00692-6

396  17. Arulkumaran N, Brealey D, Howell D, Singer M. Use of non-invasive ventilation for
397 patients with COVID-19: a cause for concern? Lancet Respir Med [Internet]. 2020 Jun 1
398 [cited 2021 Sep 18];8(6):e45. Available from: /pmc/articles/ PMC7172691/

399 18. LeeYH, Choi K-J, Choi SH, Lee SY, Kim KC, Kim EJ, et a. Clinical Significance of

400 Timing of Intubation in Critically 11l Patients with COVID-19: A Multi-Center

18


https://doi.org/10.1101/2022.03.29.22273044
http://creativecommons.org/licenses/by-nc/4.0/

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

medRxiv preprint doi: https://doi.org/10.1101/2022.03.29.22273044; this version posted March 30, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

19.

20.

21.

22.

23.

24,

It is made available under a CC-BY-NC 4.0 International license .

Retrospective Study. J Clin Med 2020, Vol 9, Page 2847 [Internet]. 2020 Sep 2 [cited
2021 Sep 18];9(9):2847. Available from: https.//www.mdpi.com/2077-0383/9/9/2847/htm
Zhou Y, Fu X, Liu X, Huang C, Tian G, Ding C, et al. Use of corticosteroids in influenza-
associated acute respiratory distress syndrome and severe pneumonia: a systemic review
and meta-analysis. Sci Reports 2020 101 [Internet]. 2020 Feb 20 [cited 2021 Sep
18];10(1):1-10. Available from: https.//www.nature.com/articles/s41598-020-59732-7
Group TRC. Dexamethasone in Hospitalized Patients with Covid-19 — Preliminary
Report. N Engl JMed [Internet]. 2021 Feb 25 [cited 2021 Sep 18];384(8):693-704.
Available from: /pmc/articles/PMC7383595/

Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil AC, et al.
Remdesivir for the Treatment of Covid-19 — Final Report. N Engl JMed [Internet]. 2020
Nov 5 [cited 2021 Sep 18];383(19):1813-26. Available from: /pmc/articlessPM C7262788/
Weinreich DM, Sivapalasingam S, Norton T, Ali S, Gao H, Bhore R, et a. REGN-COV 2,
a Neutralizing Antibody Cocktail, in Outpatients with Covid-19. N Engl JMed [Internet].
2021 Jan 21 [cited 2021 Sep 18];384(3):238-51. Available from:

/pmc/articless PMC7781102/

Chen P, NirulaA, Heller B, Gottlieb RL, Boscia J, Morris J, et al. SARS-CoV-2
Neutralizing Antibody LY -CoV555 in Outpatients with Covid-19. N Engl JMed
[Internet]. 2021 Jan 21 [cited 2021 Sep 18];384(3):229-37. Available from:

/pmc/articles/ PM C7646625/

Slessarev M, Cheng J, Ondrgjicka M, Arntfield R. Patient self-proning with high-flow
nasal cannulaimproves oxygenation in COVID-19 pneumonia. Can J Anesth Can

d’ anesthésie 2020 679 [Internet]. 2020 Apr 21 [cited 2021 Sep 18]:67(9):1288-90.

19


https://doi.org/10.1101/2022.03.29.22273044
http://creativecommons.org/licenses/by-nc/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2022.03.29.22273044; this version posted March 30, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC 4.0 International license .

424 Available from: https://link.springer.com/article/10.1007/s12630-020-01661-0

425 25. Halifax RJ, Porter BM, Elder PJ, Evans SB, Turnbull CD, Hynes G, et al. Successful

426 awake proning is associated with improved clinical outcomes in patients with COVID-19:
427 single-centre high-dependency unit experience. BMJ Open Respir Res [Internet]. 2020
428 Sep 1 [cited 2021 Sep 18];7(1):€000678. Available from:

429 https://bmjopenrespres.bmj.com/content/7/1/e000678

430 26. LRB,HMESBE,KK,SF RN, et al. Efficacy and Safety of the mRNA-1273 SARS-
431 CoV-2 Vaccine. N Engl JMed [Internet]. 2021 Feb 4 [cited 2021 Oct 11];384(5):403-16.
432 Available from: https://pubmed.ncbi.nlm.nih.gov/33378609/

433  27. FDA.ModernaCOVID-19 Vaccine | FDA [Internet]. Food and Drug Administration.

434 2021 [cited 2021 Oct 11]. Available from: https.//www.fda.gov/emergency-preparedness-
435 and-response/coronavirus-disease-2019-covid-19/moderna-covid-19-vaccine

436  28. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. Safety and

437 Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N Engl JMed [Internet]. 2020 Dec
438 31 [cited 2021 Aug 17];383(27):2603-15. Available from:
439 https://pubmed.ncbi.nim.nih.gov/33301246/

440 29. FDA. Comirnaty and Pfizer-BioNTech COVID-19 Vaccine | FDA [Internet]. Food and

441 Drug Administration. 2021 [cited 2021 Oct 11]. Available from:
442 https.//www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-
443 covid-19/comirnaty-and-pfizer-biontech-covid-19-vaccine

444 30. ZhangZ,YaoW,WangY, Long C, Fu X. Wuhan and Hubel COVID-19 mortality
445 analysis reveals the critical role of timely supply of medical resources. J Infect. 2020 Jul

446 1;81(1):147-78.

20


https://doi.org/10.1101/2022.03.29.22273044
http://creativecommons.org/licenses/by-nc/4.0/

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

medRxiv preprint doi: https://doi.org/10.1101/2022.03.29.22273044; this version posted March 30, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

31.

32.

33.

It is made available under a CC-BY-NC 4.0 International license .

Kenyon C. Flattening-the-curve associated with reduced COVID-19 case fatality rates- an
ecological analysis of 65 countries. JInfect. 2020 Jul 1;81(1):e98-9.

AnnavajhalaMK, Mohri H, Wang P, Nair M, Zucker JE, Sheng Z, et al. Emergence and
expansion of SARS-CoV-2 B.1.526 after identification in New Y ork. Nature [Internet].
2021 Aug 24 [cited 2022 Mar 1];597(7878):703-8. Available from:
https://www.nature.com/articles/s41586-021-03908-2

Davies NG, Jarvis Cl, van Zandvoort K, Clifford S, Sun FY, Funk S, et al. Increased
mortality in community-tested cases of SARS-CoV-2 lineage B.1.1.7. Nature [Internet].
2021 May 13 [cited 2022 Mar 1];593(7858):270-4. Available from:
https://pubmed.ncbi.nim.nih.gov/33723411/

Challen R, Brooks-Pollock E, Read JM, Dyson L, Tsaneva-Atanasova K, Danon L. Risk
of mortality in patientsinfected with SARS-CoV-2 variant of concern 202012/1: matched
cohort study. BMJ[Internet]. 2021 Mar [cited 2022 Mar 1];372. Available from:

https.//www.bmj.com/content/372/bm;j.n579

21


https://doi.org/10.1101/2022.03.29.22273044
http://creativecommons.org/licenses/by-nc/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2022.03.29.22273044; this version posted March 30, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC 4.0 International license .

462  Figuresand Tables
463  Table 1: Demographic and clinical characteristics of patients hospitalized with COVID-19 in the first

464  wave, second wave, and inter-epidemic period.

N Overall First Wave* Inter- Second OR (95% Cl)**
N=4631 N=2846 epidemic* wave*
N=366 N=1419
Discharge status, N (%) 4631
Alive 3738 (81%) 2191 (77%) 330 (90%) 1217 (86%) Ref
Death/Hospice 893 (19%) 655 (23%) 36 (10%) 202 (14%) 0.56 (0.47, 0.66)
Status at 30 days, N (%) 4631
Alive or discharged 3835 (83%) 2246 (79%) 338 (92%) 1251 (88%) Ref
Death/Hospice 796 (17%) 600 (21%) 28 (8%) 168 (12%) 0.50 (0.42, 0.60)
Age (years), mean (SD) 4631 65.5(17.4) 65.4(17.1) 63.0(18.5) 66.1 (17.6) 1.00 (1.00, 1.01)
Age (years), N (%) 4631
18-50 869 (19%) 517 (18%) 87 (24%) 265 (19%) Ref
50-65 1208 (26%) 776 (27%) 94 (26%) 338 (24%) 0.85 (0.70, 1.03)
65-75 1060 (23%) 662 (23%) 86 (23%) 312 (22%) 0.92 (0.75, 1.12)
75+ 1494 (32%) 891 (31%) 99 (27%) 504 (36%) 1.10 (0.92, 1.33)
Sex, N (%) 4631
Female 2101 (45%) 1235(43%) 166 (45%) 700 (49%) Ref
Male 2530 (55%) 1611 (57%) 200 (55%) 719 (51%) 0.79 (0.69, 0.89)
Race/Ethnicity, N (%) 4631
Hispanic/Latino 2398 (52%) 1474 (52%) 197 (54%) 727 (51%) Ref
Non-Hispanic Black 586 (13%) 400 (14%) 32 (9%) 154 (11%) 0.78 (0.63, 0.96)
Non-Hispanic White 536 (12%) 308 (11%) 48 (13%) 180 (13%) 1.18 (0.96, 1.45)
Other 1111 (24%) 664 (23%) 89 (24%) 358 (25%) 1.09 (0.93, 1.28)
BMI (kg/m2), N (%) 4301
<30 2766 (64%) 1666 (64%) 233 (67%) 867 (63%) Ref
>=30 1535 (36%) 920 (36%) 113 (33%) 502 (37%) 1.05 (0.91, 1.20)
Ct value, median (IQR) 3324 28(23,33) 29(24,33) 26(17,33) 27 (22, 33) 0.99 (0.97, 1.00)
Viral load categories***, N (%) 3319
Low (Ct>320r 30) 1400 (42%) 1195 (43%) 77 (33%) 128 (39%) Ref
Medium (Ct 27-32 or 25-30) 778 (23%) 667 (24%) 38 (16%) 73 (22%) 1.02 (0.75, 1.38)
High (Ct <27 or 25) 1141 (34%) 893 (32%) 120 (51%) 128 (39%) 1.34 (1.03, 1.74)
Ever DNI, N (%) 4631
Yes 1344 (29%) 941 (33%) 53 (14%) 350 (25%) 0.66 (0.57, 0.76)
No 3287 (71%) 1905 (67%) 313 (86%) 1069 (75%) Ref
Oxygen level at presentation, N 4631
(%) 1816 (39%) 998 (35%) 219 (60%) 599 (42%) Ref
Room Air 1835 (40%) 1036 (36%) 123 (34%) 676 (48%) 1.09 (0.94, 1.25)
Nasal Cannula 699 (15%) 622 (22%) 9 (2%) 68 (5%) 0.18 (0.14, 0.24)
Non-rebreather 50 (1.1%) 19 (1%) 7 (2%) 24 (2%) 2.10 (1.15, 3.92)
Non-invasive ventilation 231 (5.0%) 171 (6%) 8 (2%) 52 (4%) 0.51 (0.36, 0.70)
Intubation
ICU admission by time, N (%) 4631
Non-ICU 3769 (81%) 2262 (79%) 302 (83%) 1205 (85%) Ref
ICU at presentation 437 (10%) 309 (11%) 34 (9%) 94 (7%) 0.57 (0.45, 0.72)
ICU after presentation 425 (9%) 275 (10%) 30 (8%) 120 (8%) 0.82 (0.65, 1.02)
Steroid use, N (%)
Yes 4501 1913 (43%) 712 (26%) 191 (53%) 1010 (72%) 7.32 (6.34, 8.46)
No 2588 (57%) 2026 (74%) 169 (47%) 393 (28%) Ref
Remdesivir use, N (%)
Yes 4631 817 (18%) 82 (3%) 134 (37%) 601 (42%) 24.8 (19.5, 31.8)
No 3814 (82%) 2764 (97%) 232 (63%) 818 (58%) Ref
History of Coronary Artery 4631 730 (16%) 433 (15%) 65 (18%) 232 (16%) 1.09 (0.91, 1.29)
Disease, N (%)
History of Chronic Kidney Disease, 4631 798 (17%) 484 (17%) 64 (17%) 250 (18%) 1.04 (0.88, 1.23)
N (%)
History of Diabetes, N (%) 4631 1824 (39%) 1139 (40%) 148 (40%) 537 (38%) 0.91 (0.80, 1.04)
History of Hypertension, N (%) 4631 2741 (59%) 1689 (59%) 217 (59%) 835 (59%) 0.98 (0.86, 1.12)
Age adjusted Charlson comorbidity 4582 4 (2, 5) 4(2,5) 3(1,5) 4(2,5) 1.02 (0.99, 1.04)

score, median (IQR)
Age adjusted Charlson comorbidity =~ 4582
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index, N (%)

0-1 931 (20%) 546 (19%) 94 (26%) 291 (21%) Ref
2-3 1318 (29%) 838 (30%) 93 (26%) 387 (27%) 0.87 (0.72, 1.04)
4-5 1358 (30%) 843 (30%) 107 (29%) 408 (29%) 0.91 (0.75, 1.09)
6+ 975 (21%) 581 (21%) 70 (19%) 324 (23%) 1.05 (0.86, 1.27)
Hospital Frailty Risk Score among 1476 6.3(5.9) 6.4 (6) 7.1(6.3) 6.0 (5.5) 0.99 (0.97, 1.01)
age = 75, mean (SD)
SARS-Cov-2 hospital admission 4631 320 (245) 458 (218) 31 (17) 119 (34) 0.99 (0.98, 0.99)
volume per week, mean (SD)
SARS-Cov-2 hospital admission 4631 6.6 (4.8) 9.3(4.3) 0.7 (0.4) 2.9 (0.6) 0.54 (0.52, 0.57)
volume per week divided by 50,
mean (SD)

* Epidemic waves were defined as. First wave, March 1, 2020 to June 30, 2020; Inter-epidemic,

July 1, 2020 to November 30, 2020; Second wave, December 1, 2020 to March 31, 2021. **The

oddsratio (OR) of the characteristic in the second wave relative to the first wave. ***Viral load

categories: For the cobas assay, high, medium and low viral load was defined by Ct <25, 25-30,

and >30, respectively. For the Xpert Xpress assay, high, medium and low viral load was defined

by Ct <27, 27-32, >32, respectively.
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471  Table 2: Unadjusted and adjusted Cox proportional hazards model of the association between
472  epidemic wave and death by 30 days after admission adjusted for potentially confounding
473  factors, among all patients.
Unadjusted Adjusted for epi-period
HR (95% Cls) HR for covariate (95% CIs) HR for epidemic period
adjusted for Epidemic period (95% Cls) adjusted each
covariate individually
Epidemic Period
First Ref NA NA
Second 0.52 (0.44, 0.61)
Age (years)
18-50 Ref Ref Ref
50-65 3.14 (2.00, 4.94) 3.08 (1.96, 4.84) 0.46 (0.38, 0.54)
65-75 6.37 (4.12, 9.85) 6.36 (4.12, 9.84)
75+ 14.3 (9.40, 21.7) 15.02 (9.88, 22.83)
Sex
Female Ref Ref Ref
Male 1.00 (0.87, 1.15) 0.97 (0.84, 1.12) 0.52 (0.44, 0.61)
Race/Ethnicity
Hispanic/Latino Ref Ref Ref
Non-Hispanic Black 1.03 (0.83, 1.29) 1.00 (0.80, 1.25) 0.51 (0.43, 0.61)
Non-Hispanic White 1.25(1.01, 1.56) 1.29 (1.04, 1.60)
Other 1.03 (0.86, 1.23) 1.04 (0.87, 1.24)
BMI (kg/m2)
<30 Ref Ref Ref
>=30 0.87 (0.74, 1.02) 0.87 (0.74, 1.02) 0.56 (0.47, 0.67)
Ct value, median (IQR) 0.97 (0.96, 0.98) 0.97 (0.96, 0.98) 0.43 (0.30, 0.61)
Viral load categories
Low (Ct>320r30) Ref Ref Ref
Medium (Ct 27-32 or 25-30) 1.97 (1.59, 2.44) 1.98 (1.60, 2.45) 0.39 (0.27, 0.55)
High (Ct <27 or 25) 2.53 (2.09, 3.07) 2.60 (2.15, 3.16)
Ever DNI
Yes 13.2 (11.0, 15.9) 12.91 (10.76, 15.48) 0.58 (0.50, 0.70)
No Ref Ref Ref
Oxygen level at presentation
Room Air Ref Ref Ref
Nasal Cannula 2.34 (1.86, 2.95) 2.36 (1.87, 2.97) 0.73 (0.61, 0.87)
Non-rebreather 9.32 (7.45, 11.7) 8.62 (6.87, 10.83)
Non-invasive ventilation 8.39 (5.08, 13.9) 8.95 (5.42, 14.79)
Intubation 8.11 (6.12, 10.7) 7.84 (5.91, 10.40)
ICU admission by time, N (%)
Non-ICU Ref Ref Ref
ICU at presentation 3.55 (2.96, 4.26) 3.36 (2.80, 4.04) 0.56 (0.47, 0.67)
ICU after presentation 3.25 (2.71, 3.90) 3.16 (2.64, 3.79)
Steroid use, N (%)
No Ref Ref Ref
Yes 1.15 (1.00, 1.33) 1.56 (1.34, 1.83) 0.43 (0.36, 0.52)
Remdesivir use, N (%)
No Ref Ref Ref
Yes 0.81 (0.66, 0.99) 1.34 (1.05,1.71) 0.46 (0.37, 0.56)
Hospital admission volume divided by 50 1.09 (1.07, 1.11) 1.08 (1.06, 1.10) 0.88 (0.70, 1.11)
(per week)
474
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Figure 1. Digribution of all SARS-Cov-2 cases (A), SARS-CoV-2 admissions (B), time to death among patients who died or were
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484

E. Cumulative survival probabilities of all patients

Wave 1 Num at risk 2846 2508 2340 2288 2250 2199 2192 2191 2191
Num of
Cumulative 0 377 514 566 599 648 654 655 655
events
Survival Prob 100 0.8675 0.8194 0.8011 0.7881 0.7723 0.7702 0.7699 0.7699
95% CI (LL, UL) (0.8552, 0.8552) (0.8194, 0.8337) (0.7866,0.8159) (0.7733,0.8033)  (0.7571,0.7879)  (0.7549,0.7858) (0.7545,0.7854) (0.7545,0.7854)
Inter- 366 361 350 344 338 333 333 331 191
lepidemic Num at risk
Num of
Cumulative 0 6 18 22 28 33 33 35 35
events
Survival Prob 100 0.9836 0.9508 0.9399 0.9235 0.9098 0.9098 0.9044 0.9044
95% CI (0.9707,0.9967) (0.9289,0.9732)  {0.9158,0.9646) {0.8967,0.9511) (0.8810,0.9397)  (0.8810,0.9397) (0.8747,0.9350) (0.8747, 0.9350)
Wave 2 Num at risk 1419 1371 1274 1190 1112 1097 729 9 0
Num of
Cumulative 0 49 114 144 167 199 202 202 202
events
Survival Prob 100 0.9654 0.9186 0.8964 0.8771 0.8505 0.8456 0.8456
95% CI (0.9559,0.9750) (0.9044,0.9331) (0.8805,0.9126) {0.8599,0.8946) (0.8315,0.8701)  (0.8258,0.8659) (0.8258, 0.8659)
Time (Days) 0 7 14 21 30 60 90 120 150
F. Cumulative survival probabilities of patients > 75 years
Wave 1 Num at risk 891 652 555 536 526 513 513 513 513
Num of
Cumulative 0 266 336 357 366 378 378 378 378
events
Survival Prob 100 0.7015 0.6173 0.5993 0.5870 0.5758 0.5758 0.5758 0.5758
95% Cl (0.6720,0.7322) (0.5862,0.6500) (0.5680, 0.6324) (0.5555,0.6202)  {0.5442,0.6091)  (0.5442,0.6091) (0.5442,0.6091) (0.5442,0.6091)
Inter-
epidemic Num at risk 99 % 86 84 8 81 81 81 42
Num of
Cumulative 0 4 14 15 16 18 18 18 18
events
Survival Prob 100 0.9596 0.8586 0.8485 0.8384 0.8182 0.8182 0.8182 0.8182
95% CI (0.9216,0.9992) (0.7926,0.9300)  (0.7807,0.9221) (0.7689,0.9141)  (0.7456,0.8978)  (0.7456,0.8978) (0.7456,0.8978) (0.7456, 0.8978)
Wave 2 Num at risk 504 470 419 387 359 233 94 0 0
Num of
Cumnulative 0 38 82 97 108 120 121 121 121
events
Survival Prob 100 0.9245 0.8357 0.8048 0.7792 0.7525 0.7489
95% Cl (0.9479,0.9017)  (0.8038,0.8689)  (0.7707,0.8404) (0.7434,0.8167)  (0.7149,0.7922)  (0.7107,0.7809)
Time (Days) 0 7 14 21 30 60 90 120 150
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485  Figure 2. Kaplan-Meier survival plots of all patients (A) and patients> 75 years old (B) hospitalized in the first and second wave of
486  COVID-19in New York City censored on March 31, 2021, all patients (C) and patients> 75 years old (D) censored at 30 days, and

487  cumulative survival probabilities for al patients (E), and patients > 75 years old (F).
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488  Supplemental material
489  Table S1: ICD-10 codes used to query patient charts to determine pre-existing conditions for
490  each of the listed diagnoses. Electronic medical record also queried for listed text strings to

491  determine pre-existing conditions.

HTN* ICD-10 codes: 110, 111, 112, 113, 115, 116, 010.1, 010.2, 010.3, 010.4, 010.9

String matches: "htn", "hyperten"
DM* ICD-10 codes: EO8, EO9, E10, E11, E13, 024.4

String matches: "dm", "diabetes"
CAD* ICD-10 codes: 121, 122, 123, 124, 125, Z298.61, 795.1

String matches: "cad", "coronary"

NO3, NO7, NO8, N11, N14, N18, N19, N29, 112, 113, 799.2, E10.22, E11.22, E13.22,

CKD* ICD-10 codes: E08.22, 010.3, D63.1

String matches: "ckd", "chronic kidney"

492  *Abbreviations: Hypertension (HTN), diabetes mellitus (DM), coronary artery disease (CAD),

493  chronic kidney disease (CKD)
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494  Table S2: Unadjusted and adjusted Cox proportional hazards model of the association between
495  epidemic wave and death by 30 days after admission adjusted for potentially confounding

496  factors, among those > 75 years old.

Unadjusted
HR (95% Cls)

Adjusted for epi-period
HR for covariate (95% Cls) HR for epidemic period
adjusted for Epidemic (95% Cls) adjusted each

497

period covariate individually

Epidemic Period

First Ref NA Ref

Second 0.43 (0.35, 0.53) 0.43 (0.35, 0.53)
Sex

Female Ref Ref Ref

Male 1.14 (0.95, 1.36) 1.11 (0.93, 1.33) 0.43 (0.35, 0.54)
Race/Ethnicity

Hispanic/Latino
Non-Hispanic Black
Non-Hispanic White

Ref
1.14 (0.84, 1.54)
1.08 (0.83, 1.40)

Ref
1.10 (0.81, 1.49)
1.08 (0.84, 1.41)

Ref
0.43 (0.35, 0.53)

Other 0.97 (0.77, 1.22) 0.98 (0.78, 1.23)
BMI (kg/m2)
<30 Ref Ref Ref
>=30 1.23 (0.99, 1.53) 1.20 (0.96, 1.50) 0.48 (0.38, 0.59)

Ct value, median (IQR)

0.98 (0.97, 0.99)

0.98 (0.96, 0.99)

0.35 (0.22, 0.55)

Viral load categories
Low (Ct >32 or 30)
Medium (Ct 27-32 or 25-30)
High (Ct <27 or 25)

Ref
1.61 (1.22, 2.12)
1.72 (1.35, 2.20)

Ref
1.62 (1.23, 2.14)
1.77 (1.39, 2.26)

Ref
0.35 (0.22, 0.56)

Ever DNI
Yes 6.81 (5.11, 9.06) 6.22 (4.66, 8.29) Ref
No Ref Ref 0.54 (0.44, 0.68)

Oxygen level at presentation
Room Air
Nasal Cannula
Non-rebreather
Non-invasive ventilation
Intubation

Ref

2.61 (1.93, 3.54)
8.65 (6.44, 11.6)
4.79 (2.44, 9.39)
7.82 (5.18, 11.9)

Ref

2.55 (1.88, 3.46)
7.58 (5.60, 10.25)
4.78 (2.44, 9.37)
6.97 (4.60, 10.57)

Ref
0.66 (0.52, 0.82)

ICU admission by time, N (%)
Non-ICU
ICU at presentation
ICU after presentation

Ref
2.54 (1.97, 3.27)
2.02 (1.51, 2.71)

Ref
2.36 (1.83, 3.04)
2.14 (1.60, 2.86)

Ref
0.44 (0.35, 0.54)

Steroid use, N (%)

No Ref Ref Ref

Yes 1.00 (0.83, 1.20) 1.49 (1.22, 1.83) 0.37 (0.29, 0.47)
Remdesivir use, N (%)

No Ref Ref Ref

Yes 0.76 (0.58, 0.98) 1.69 (1.20, 2.37) 0.34 (0.26, 0.45)

Hospital admission volume divided by
50 (per week)

1.10 (1.08, 1.12)

30

1.08 (1.05, 1.11)

0.72 (0.53, 0.97)
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Table S3: Cox proportional hazards model of the association between steroid use and 30-day

mortality stratified to examine confounding by disease severity.

Stratifying variable Treatment Dead Alive HR (95% CI)
Variable N N
Steroid” 338 1384 1.15(1.00, 1.33)
No Steroid 405 2052

Age < 75 years Steroid” 149 1034 1.47 (1.17, 1.85)
No Steroid 139 1491

Age> 75 years Steroid” 189 350 1.00 (0.92, 1.20)
No Steroid 266 561

Wave 1 Steroid” 185 527 1.34 (1.12, 1.59)
No Steroid 390 1668

Wave 2 Steroid” 153 857 4.2 (2,51, 7.26)
No Steroid 15 384

Wave l, ICU Steroid” 94 202 0.53(0.41, 0.70)
No Steroid 130 144

Wave 1, Non-ICU Steroid” 91 325 2.22(0.97,5.09)
No Steroid 260 1524

Wave 2, ICU Steroid” 79 107 1.48 (1.17, 1.88)
No Steroid 6 22

Wave 2, Non-ICU Steroid” 74 750 3.83(1.92, 7.64)
No Steroid 9 362
Remdesivir* 108 575 0.81 (0.66, 0.99)
No Remdesivir 660 2922

Age < 75 years Remdesivir* 42 420 0.85(0.62, 1.17)
No Remdesivir 251 2157

Age> 75 years Remdesivir* 66 155 0.76 (0.58, 0.98)
No Remdesivir 409 765

Wave 1 Remdesivir* 8 74 0.42 (0.21, 0.84)
No Remdesivir 592 2172

Wave 2 Remdesivir* 100 501 2.06 (1.51, 2.80)
No Remdesivir 68 750

Wave 1, ICU Remdesivir * 6 34 0.30(0.13, 0.67)
No Remdesivir 225 319

Wave 1, Non-ICU Remdesivir * 2 40 0.27 (0.07, 1.07)
No Remdesivir 367 1853

Wave 2, ICU Remdesivir * 45 68 0.95 (0.62, 1.45)
No Remdesivir 40 61

Wave 2, Non-ICU Remdesivir * 55 433 2.96 (1.88, 4.67)

No Remdesivir
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Figure S1. In-hospital monthly mortality rates per 100 patients and 95% confidence bounds

among 4132 patients admitted to the medical center between March 2020 and March 2021.
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