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a b s t r a c t 

Background: There is limited clinical patient data comparing the first and second waves of the coron- 

avirus disease 2019 (COVID-19) in the United States and the effects of a COVID-19 resurgence on different 

age, racial and ethnic groups. We compared the first and second COVID-19 waves in the Bronx, New York, 

among a racially and ethnically diverse population. 

Methods: Patients in this retrospective cohort study were included if they had a laboratory-confirmed 

SARS-CoV-2 infection by a real-time PCR test of a nasopharyngeal swab specimen detected between 

March 11, 2020, and January 21, 2021. Main outcome measures were critical care, in-hospital acquired 

disease and death. Patient demographics, comorbidities, vitals, and laboratory values were also collected. 

Findings: A total of 122,983 individuals were tested for SARS-CoV-2 infection, of which 12,659 tested pos- 

itive. The second wave was characterized by a younger demographic, fewer comorbidities, less extreme 

laboratory values at presentation, and lower risk of adverse outcomes, including in-hospital mortality 

(adj. OR = 0 ·23, 99 ·5% CI = 0 ·17 to 0 ·30), hospitalization (adj. OR = 0 ·65, 99 ·5% CI = 0 ·58 to 0 ·74), inva- 

sive mechanical ventilation (adj. OR = 0 ·70, 99 ·5% CI = 0 ·56 to 0 ·89), acute kidney injury (adj. OR = 0 ·62, 

99 ·5% CI = 0 ·54 to 0 ·71), and length of stay (adj. OR = 0 ·71, 99 ·5% CI = 0 ·60 to 0 ·85), with Black and 

Hispanic patients demonstrating most improvement in clinical outcomes. 

Interpretation: The second COVID-19 wave in the Bronx exhibits improved clinical outcomes compared to 

the first wave across all age, racial, and ethnic groups, with minority groups showing more improvement, 

which is encouraging news in the battle against health disparities. 

© 2021 The Author(s). Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Research in context 

Evidence before this study : There is limited clinical patient 
data comparing the first and second waves of the coronavirus 
disease 2019 (COVID-19) in the United States and the effects 
of a COVID-19 resurgence on different age, racial and eth- 
nic groups. Studies from other countries have observed that 
the second wave was characterized by a younger cohort with 

fewer comorbidities and improved clinical outcomes. 
Added value of this study : In the largest cohort to date, 

our study included a racially and ethnically diverse popula- 
∗ Corresponding authors. 

E-mail addresses: wouter.hoogenboom@einsteinmed.org (W.S. Hoogenboom), 

im.duong@einsteinmed.org (T.Q. Duong). 

ttps://doi.org/10.1016/j.lana.2021.10 0 041 

667-193X/© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article

 http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
tion and compared a large number of clinical variables and 

outcomes between the first and second COVID-19 waves. 
Implications of all the available evidence : The second 

COVID-19 wave in the Bronx exhibits improved clinical out- 
comes compared to the first wave across all age, racial, and 

ethnic groups with minority groups showing more improve- 
ment. This is encouraging news in the battle against health 

disparities and may reflect improved public health measures, 
large scale PCR testing, earlier diagnosis, and new therapies. 
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. Introduction 

Less than a year into the coronavirus disease 2019 (COVID- 

9) pandemic [ 1 , 2 ], the United States (US) has reached a grim

nd once-unthinkable milestone of 50 0,0 0 0 COVID-19 deaths 

ith more than 25 million Americans infected by SARS-CoV-2 

 https://coronavirus.jhu.edu , Feb 22, 2021). Many COVID-19 sur- 

ivors continue to have short- to intermediate-term health issues, 

nd some may experience long-term sequela, imposing a heavy 

ealth and socioeconomic burden for years to come [3] . COVID- 

9 has also highlighted and exacerbated health and healthcare 

isparities [4–6] . 

On January 9, 2020, when the World Health Organization 

WHO) announced a coronavirus-related pneumonia outbreak in 

uhan, China, little was known about this new infectious dis- 

ase. Preventative measures, SARS-CoV-2 PCR and antibody tests, 

nd targeted therapies were limited, resulting in the first wave 

f widespread global infection. During the second and subse- 

uent waves, reliable testing was more widely available, contact 

racing more efficient, experimental therapies under investigation, 

mongst others, enabling healthcare providers to better treat the 

isease resulting in improved clinical outcomes. 

Remarkable progress has been made in our understanding 

f SARS-CoV-2’s pathogenicity and transmissibility. Public health 

easures ( i.e ., wearing masks, hand hygiene, social distancing, etc.) 

re effective in curbing the spread of SARS-CoV-2 [7] , and new 

nd effective treatments and vaccines are becoming available. The 

rst anti-viral COVID-19 treatment, remdesivir, was approved by 

he Food and Drug Administration on October 22, 2020, and the 

rst COVID-19 vaccine was approved on December 11, 2020, with 

 third vaccine recently approved for use in the US at the time of 

his writing. 

Despite many measures to combat COVID-19, multiple resur- 

ences are occurring around the world [8–11] , reflecting vari- 

ble successes in controlling SARS-CoV-2 infection. Because future 

esurgences of this virus and its variants are likely, it is crucial to 

nderstand how this affects disease outcomes. Asia and Europe [8–

1] experienced a second wave several weeks to several months 

head of the US but few studies to date have characterized resur- 

ences with respect to clinical variables in details and most studies 

ad small sample sizes. 

COVID-19 disproportionally affects racial and ethnic minority 

roups [ 4 , 12 ]. Living conditions, household density, occupational 

xposure, and access to quality care, amongst others, might have 

ontributed to increased vulnerability to SARS-CoV-2 infection and 

oorer outcomes in underserved populations [13] . Understanding 

ow clinical outcomes evolve differently amongst racial and ethnic 

roups across the COVID-19 pandemic could better inform public 

olicy and outreach initiatives. 

The Montefiore Health System (MHS), one of the largest health- 

are systems in New York City (NYC) with 15 hospitals in the Bronx 

nvirons, was hit hard by the first wave of COVID-19, which peaked 

n April 2020 [14] . After a relatively long quiescent period, a dis- 

inct second COVID-19 wave followed. The MHS serves a large low- 

ncome, and racially and ethnically diverse population providing an 

pportunity to study the effects of the second COVID-19 wave in a 

nique patient population. 

The goal of this retrospective cohort study was to compare 

emographic data, clinical characteristics, and clinical outcomes 

f individuals with SARS-CoV-2 infection between the first and 

econd wave of the pandemic in a large New York City health 

ystem, and to evaluate the potential differential impact of the 

econd surge across age, racial and ethnic groups. To our knowl- 

dge, this is the largest cohort to date comparing the first and 

econd COVID-19 waves amongst a large racially and ethnically 

iverse population. 
2 
. Method 

This study was approved by the institutional review board of 

he Albert Einstein College of Medicine, and informed consent was 

aived because this was a retrospective cohort study with deiden- 

ified patient data. The study followed the Strengthening the Re- 

orting of Observational Studies in Epidemiology (STROBE) report- 

ng guidelines for cohort studies. 

.1. Data source 

All data originated from MHS and were made available for 

esearch after standardization to the Observational Medical Out- 

omes Partnership (OMOP) Common Data Model (CDM) version 

. OMOP CDM represents healthcare data from diverse sources, 

hich are stored in standard vocabulary concepts, [15] allowing 

or the systematic analysis of disparate observational databases, 

ncluding data from the electronic medical record, administrative 

laims, and disease classifications systems ( e.g ., ICD-10, SNOWMED, 

OINC, etc.). ATLAS, a web-based tool developed by the Observa- 

ional Health Data Sciences and Informatics (OHDSI) community 

hat enables navigation of patient-level, observational data in the 

DM format, was used to search vocabulary concepts and facilitate 

ohort building. Data were subsequently imported into an SQLite 

atabase ( www.sqlite.org ) and queried using the DB Browser (ver- 

ion 3 ·12 ·0). 

.2. Study population 

A total of 122,983 patients were tested for COVID-19. The first 

ave included summary data from March 11, 2020, to August 15, 

020, and the second wave included summary data from August 

6, 2020, to January 21, 2021. In the first wave, 49,403 patients 

ere tested for SARS-CoV-2, and in the second wave, 73,580 were 

ested for COVID-19 infection using real-time polymerase chain re- 

ction test for SARS-CoV-2 on a nasopharyngeal swab specimen. 

ll individuals with lab confirmed SARS-CoV-2 infection during the 

tudy time frame, including incidental cases, were included in this 

tudy. 

.3. COVID-19 outcomes and clinical variables 

Primary outcome was mortality. Secondary outcomes were 

mergency department (ED) visits, hospitalization, intensive care 

nit (ICU) admission, need for invasive mechanical ventilation 

IMV), length of stay (LOS), and acute kidney injury (AKI). AKI was 

efined by KDIGO standards [ 16 , 17 ] either a 0 ·3 mg/dl increase

ithin 48 h or 1 ·5 times the lowest reading during hospitalization 

ue to lack of data prior to hospitalization. 

Other tabulated clinical variables included demographics, 

hronic comorbidities, and clinical/laboratory tests at presentation. 

emographic data were self-identified by the patient during clini- 

al visits and included age, gender, ethnicity and race categorized 

s Hispanic, non-Hispanic Black, non-Hispanic White, Asian, other 

comprising non-Hispanic patients indicating their race as multiple 

elected, American Indian or Alaska Native, or some other race) or 

nknown/declined. Median household incomes by zip codes (84 ·5% 

ere from Bronx County) were also tabulated. 

.4. Statistical analysis 

All statistical analysis were performed using Stata statistical 

oftware (version 13 ·1, StataCorp, College Station, TX). We used 

escriptive statistics to report patient demographic characteristics, 

ncluding mean ± standard deviation age, proportion of female 

atients, proportion of racial and ethnic groups, and prevalence 

http://www.coronvirus.jhu.edu
http://www.sqlite.org
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Fig. 1. Daily SARS-CoV-2 positive cases in the Bronx. 

Between March 11, 2020, and January 21, 2021, there were 12,659 positive SARS- 

CoV-2 cases in the Montefiore Health System. Data demonstrates a bimodal distri- 

bution of infections with its first peak in April 2020, a subsequent period with low 

infections during the summer followed by a second rise in the winter. 
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Table 1 

Sample characteristics of individuals with SARS-CoV-2 infection in the Montefiore 

Health System during the first and second wave of the pandemic. 

First Wave n = 8,759 Second Wave n = 3,900 

Demographics 

Age in years, mean ± SD 56 ·3 ± 19 ·1 50 ·9 ± 21 ·8 
Female sex, n (%) 4,526 (51 ·7) 2,073 (53 ·2) 

Race , n (%) 

Asian 276 (3 ·2) 132 (3 ·4) 

Black 2,963 (33 ·8) 930 (23 ·9) 

White 900 (10 ·3) 537 (13 ·8) 

Other 3,651 (41 ·9) 1,953 (50 ·5) 

Unknown 948 (10 ·8) 331 (8 ·5) 

Ethnicity , n (%) 

Hispanic 3,382 (38 ·6) 1,846 (47 ·3) 

Non-Hispanic 4,334 (49 ·5) 1,688 (43 ·3) 

Unknown 1,043 (11 ·9) 366 (9 ·4) 

Comorbidities , n (%) 

Chronic kidney disease 562 (6 ·4) 193 (5 ·0) 

COPD and asthma 740 (8 ·5) 316 (8 ·1) 

Coronary artery disease 482 (5 ·5) 216 (5 ·5) 

Diabetes 1,538 (17 ·6) 543 (13 ·9) 

Heart failure 542 (6 ·2) 181 (4 ·6) 

Hypertension 2,128 (24 ·3) 797 (20 ·4) 

Stroke 181 (2 ·1) 57 (1 ·5) 

Abbreviations : COPD, chronic obstructive pulmonary disease; SD, standard devia- 

tion. 
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f pre-existing conditions for each of the two cohorts: (1) indi- 

iduals with SARS-CoV-2 infection detected during the first wave 

 i.e ., March 11, 2020, to August 15, 2020) and (2) individuals with

ARS-CoV-2 infection detected during the second wave of the pan- 

emic ( i.e . August 16, 2020, to January 21, 2021). We reported vi- 

al signs and laboratory values as proportion of individuals who 

xceeded normal ranges. Comparisons of COVID-19 outcomes ( i.e ., 

D visits, hospitalization, LOS, ICU admission, IMV use, AKI, overall 

eath, and in-hospital death) between first and second COVID-19 

ave cohorts were reported as risk ratios, risk differences, and age- 

djusted odds ratios along with 99 ·5% confidence intervals given 

arge sample size and multiple outcomes of interest. 

.5. Role of the funding source 

No funds. 

. Results 

.1. Patient demographics, pre-existing conditions, and laboratory 

ariables 

Between March 11, 2020, and January 21, 2021, there were two 

istinct waves of COVID-19 positive cases ( Fig. 1 ). The first wave 

eaked in April 2020 followed by a low infection rate period dur- 

ng the summer and fall of 2020, and a distinct resurgence peaked 

n January 2021. The second wave had a slower rise and lower peak 

ompared to the first wave. 

Patient demographic characteristics and comorbidities for first 

nd second wave COVID-19 cohorts are presented in Table 1 . There 

ere 8,759 SARS-CoV-2 positive cases in the first wave and 3,900 

ARS-CoV-2 positive cases in the second wave. Compared to the 

rst wave (mean age ± standard deviation = 56 ·3 ± 19 ·1 years, 

ange = 0 to 103 years; 51 ·7% female; 38 ·6% Hispanic; 10 ·3% White,

3 ·8% Black; 3 ·2% Asian) the second wave cohort was younger 
3 
mean age ± standard deviation = 50 ·9 ± 21 ·8 years, range = 0 to 

01 years) had more Hispanic (47 ·3%) and White patients (13 ·8%), 

ewer Black patients (23 ·9%), and about the same proportion Asian 

atients (3 ·4%) and female sex (53 ·2%). 

Second wave patients had proportionally fewer pre-existing 

onditions, including hypertension, stroke, type 2 diabetes, chronic 

idney disease, and heart failure. 

Compared to first wave patients, proportionally fewer second 

ave patients exceeded normal range laboratory values and vitals 

t presentation ( Table 2 ) with the greatest differences in lactate 

ehydrogenase (difference = -15 ·4%, 99 ·5% CI = -19 ·4 to -11 ·5%), 

lood urea nitrogen (difference = -15 ·0%, 99 ·5% CI = -18 ·6 to -

1 ·5%), and D -dimer (difference = -8 ·2%, 99 ·5% CI = -10 ·9 to -5 ·5%).

.2. COVID-19 outcomes 

Comparisons of COVID-19 outcomes between first and second 

ave cohorts are presented in Fig. 2 and Table 3 . Compared to 

he first wave, the second wave cohort had lower risk for all clini- 

al outcomes (risk differences = -1 ·76% to -16 ·59%) with most pro- 

ounced reduction in mortality (overall mortality: adj. OR = 0 ·22, 

9 ·5% CI = 0 ·17 to 0 ·28; in-hospital mortality: adj. OR = 0 ·23,

9 ·5% CI = 0 ·17 to 0 ·30), acute kidney injury (adj. OR = 0 ·62,

9 ·5% CI = 0 ·54 to 0 ·71), and hospitalization (adj. OR = 0 ·65, 99 ·5%

I = 0 ·58 to 0 ·74). Least pronounced cohort differences in clinical 

utcomes were noted for ED visits (adj. OR = 1 ·09, 99 ·5% CI = 0 ·96

o 1 ·25) and ICU admission (adj. OR = 0 ·85, 99 ·5% CI = 0 ·69 to

 ·04). 

.3. COVID-19 outcomes by age 

Clinical outcomes of the first and second waves are plotted for 

ifferent age groups ( Fig. 3 ). In the second wave, the proportion 

f positive cases increased in the age groups under 40 years old 

nd decreased in the older age groups. Hospitalization rate was 

ower for each age group. ICU admission was lower for each age 

roup, except 70 + age groups. Invasive mechanical ventilator use 

as lower for each age group except in the 80 + age groups. Me- 

ian hospital length of stay was shorter for survivors, but longer 

or non-survivors. Incidence of acute kidney injury and in-hospital 

ortality were lower for all age groups. 
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Table 2 

Individuals with SARS-CoV-2 infection who exceeded normal range laboratory values and vitals at presentation. 

Exceeded normal range n (%) Second wave vs first wave 

Laboratory values and vitals Normal range First Wave Second Wave Difference, % 99 ·5% CI 

Albumin, g/dL 3 ·5 to 5 ·0 20 (0 ·4) 4 (0 ·2) -0 ·2 -0 ·6 to 0 ·2 
AST:ALT ratio < 1 3,625 (77 ·6) 1,327 (71 ·0) -6 ·6 -10 ·0 to -3 ·2 
Blood urea nitrogen, mg/dL 7 to 20 2,654 (50 ·9) 735 (35 ·8) -15 ·0% -18 ·6 to -11 ·5 
C-reactive protein, mg/dL < 1 3,767 (89 ·1) 1,378 (82 ·0) -7 ·1% -10 ·0 to -4 ·1 
Creatinine, mg/dL 0 ·84 to 1 ·21 3,765 (72 ·2) 1,367 (66 ·7) -5 ·5 -8 ·9 to -2 ·1 
D -dimer, μg/mL < 0 ·4 3,681 (93 ·0) 1,452 (84 ·8) -8 ·2 -10 ·9 to -5 ·5 
Lactate dehydrogenase, U/L 140 to 280 3,262 (74 ·4) 924 (58 ·9) -15 ·4 -19 ·4 to -11 ·5 
Lymphocytes, x10 9 /L 1 ·0 to 4 ·0 2,196 (42 ·6) 839 (40 ·7) -1 ·9 -5 ·5 to 1 ·7 
Oxygen saturation, % > 95% 1,078 (18 ·4) 253 (10 ·8) -7 ·6 -9 ·9 to -5 ·3 
Oral temperature, F 97 ·6 to 99 ·6 1,401 (26 ·1) 419 (19 ·5) -6 ·6 -9 ·5 to -3 ·6 

Fig. 2. Age-adjusted odds ratios for COVID-19 related clinical outcomes in the second wave cohort relative to the first wave cohort. 

Logistic Regression showed lower risk for adverse COVID-19 outcomes in the second wave (i.e., OR < 1, and 99 ·5% confidence intervals < 1), including hospitalization, need 

for invasive mechanical ventilation, length of stay, acute kidney injury, overall mortality and in-hospital mortality, but not emergency department (ED) visits or intensive 

care unit admission. Error bars represent 99 ·5% confidence intervals. 
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.4. COVID-19 outcomes by racial and ethnic groups 

Age-adjusted odds ratios for COVID-19 clinical outcomes in the 

econd wave relative to the first wave, stratified by race and eth- 

icity, are presented in Fig. 4 and Supplemental Table 1 . All racial 

nd ethnic groups had significantly lower mortality in the second 

ave (adj. OR’s ≤ 0 ·27), but unlike White and Asian patients, Black 

nd Hispanic patients had more clinical outcomes, including hospi- 

alization, invasive mechanical ventilation, ICU admission, and hos- 

a

4 
ital duration with lower risk (adj. OR’s < 1). A detailed sum- 

ary of proportions escalated care, in-hospital acquired disease, 

nd death in first and second wave COVID-19 by racial and ethnic 

roups can be found in Supplemental Table 2. 

. Discussion 

The second COVID-19 wave across fifteen hospitals in the Bronx 

nd surrounding NYC areas was characterized by a slower rise, 
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Fig. 3. COVID-19 outcomes by 10-year age intervals. 

Compared to the first wave, there were relatively more SARS-CoV-2 infections under age 40, and relatively fewer infections over age 50 in the second wave ( A ). Hospitalization 

rate was lower for all age groups ( B ). Intensive care admission was lower for all age groups, except 70 + ( C ). Invasive mechanical ventilator use was lower for all age groups, 

except for 80 + age groups ( D ). Hospital median length of stay (LOS) was shorter for survivors ( E ), but longer for non-survivors ( F ). Incidence of acute kidney injury ( G ) and 

in-hospital mortality ( H ) were lower for all age groups in the second wave. 

5 
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Fig. 4. Stratified by racial and ethnic groups, age-adjusted odds ratios for primary COVID-19 outcomes in the second wave cohort relative to the first wave cohort. 

In the second wave, all racial and ethnic groups ( A-D ) had lower risk of mortality (OR < 1, 99 ·5% CI < 1) relative to the first wave. However, Black ( C ) and Hispanic ( D ) 

COVID-19 patients had more improved COVID-19 outcomes, including lower risk of hospitalization and acute kidney injury than White ( A ) and Asian ( B ) COVID-19 patients. 

More detailed information with exact odds ratios and 99 ·5% confidence intervals can be found in Supplemental Table 1. 
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ower peak, younger cohort, fewer comorbidities, less extreme lab- 

ratory values at admission, lower hospitalization rate, shorter 

ospital duration, lower incidence of acute kidney injury, and 

arkedly lower mortality rate across all ages. Clinical outcomes 

lso improved across all racial and ethnic groups, in particular 

mong Black and Hispanic patients, which is encouraging news in 

he battle against health disparities. 
6 
After the first peak in April 2020, a relatively quiescent pe- 

iod followed between June and November 2020, which was likely 

ue to effective public health messaging, behavioural changes ( i.e ., 

ocial distancing, mask wearing, hand hygiene, quarantining, and 

ontact tracing), partial lockdowns, seasonal changes, some degree 

f herd immunity, and a controlled re-opening in NYC areas that 

ollectively mitigated disease spread. The resurgence that peaked 
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7 
n January 2021, coincided with the preceding holiday season and 

older weather that resulted in more frequent indoor gatherings, 

hich might have contributed to increased rates in transmissions. 

The second wave COVID-19 patients were younger, which could 

e due to the younger population returning to school and work ac- 

ivities and/or better preventive measures to protect the older pop- 

lation, especially in nursing homes and assisted living facilities 

19] . It is also possible that some of the older vulnerable patients 

ied in the first wave, resulting in a subsequent shift towards a 

ounger demographic in the second wave. 

Lower hospitalization rate might be the result of increased 

OVID-19 testing, which would lead to identification of milder 

ases not meeting criteria for hospitalization. This idea is sup- 

orted by the fact that ED visit rate remained high in the second 

ave. Changes in hospital duration (i.e., shorter LOS for survivors 

nd longer LOS for non-survivors), likely reflect improved disease 

anagement and available treatment options [20] . 

Mortality rates showed stark contrast between the first and sec- 

nd waves, likely the results of lessons learned, improved preven- 

ion, treatments and medical management [20] . Also, changes in 

esting policy may have enabled early detection and timely inter- 

ention, which likely contributed to reduction in severe disease. 

he improved clinical outcomes in the second wave were consis- 

ent with admission blood tests that indicated less severe disease 

t admission [21–24] . 

Systematic documentation of admission criteria and hospital ca- 

acity between the first and second waves were not readily avail- 

ble across all hospitals and clinics in the Montefiore Health Sys- 

em. The practice and capacity across multiple hospitals likely 

aried. However, we speculate that during the first wave of the 

andemic when our Health System reached maximum capacity, 

tricter admission criteria could have led to only the most se- 

ere people being admitted, whereas during the second wave, our 

ealth System was less burdened and likely admitted less severe 

ases. 

Montefiore is a private, non-profit healthcare organization with 

n integrated academic delivery system and a multi-county am- 

ulatory network. Montefiore is affiliated with the Albert Ein- 

tein College of Medicine, a premier institution for medical edu- 

ation, basic research and clinical investigation. We do not know 

ow public or private healthcare system status could have affected 

OVID-19 outcomes, which would likely vary. 

Historically, epidemics have occurred in phases often with 

ore severe subsequent waves. For example, during the 1898 and 

918 influenza pandemics, second and third waves were much 

ore fatal than the first [ 25 , 26 ] possibly due to mutated virus

trains and military operations during World War I, which facili- 

ated virus spread [27] . In our study, the second COVID-19 wave 

as less deadly and had a slower rise and lower peak com- 

ared to the first wave. While this finding is in line with COVID- 

9 resurgences observed in other parts of the world [ 8 , 9 , 28 , 29 ],

any countries experience a more traditional pattern. For exam- 

le, COVID-19 resurgences are reportedly much worse in India, 

aiwan, Turkey and other countries ( https://graphics.reuters.com/ 

orld- coronavirus- tracker- and- maps/ ). This temporal variability 

n COVID-19 severity across countries may be partially due to 

athogen evolution, behavioural changes, public health interven- 

ions, vaccination rates, comorbidity burden, and socio-economic 

actors [ 30 , 31 ]. 

Asia and Europe [8–11] experienced a second wave several 

eeks to several months ahead of the US but few studies to date 

ave characterized resurgences with respect to clinical variables 

n details. A study using a Japanese public registry of 5,194 pa- 

ients [8] found that the second wave had a younger demographic, 

ewer comorbidities, fewer severe patients at admission, and re- 

uced mortality. Limited clinical and laboratory variables were an- 

https://graphics.reuters.com/world-coronavirus-tracker-and-maps/
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lyzed. A study from Spain of 468 hospitalized COVID-19 patients 

ound that their second wave cohort was younger, had shorter LOS, 

eeded fewer invasive mechanical ventilation, and had lower mor- 

ality in the second wave [10] . An Italian study with 200 Caucasian 

ales over the age of 50 reported lower in-hospital mortality in 

he second wave [9] . In contrast, a study from France reported no 

urvival difference between 50 first and second wave critically ill 

OVID-19 patients [32] . Another study from Houston, Texas ob- 

erved the first wave in April 2020 followed closely by a resur- 

ence in July 2020 and reported lower mortality and a shift toward 

ounger demographics [29] . Our findings are in general agreement 

hat the second surge had a younger demographic and lower mor- 

ality rate. In contrast to previous studies, our study has the largest 

ohort to date, consists of a large population of racial and ethnic 

inorities, and compares many clinical variables and outcomes be- 

ween the two waves. 

.1. Differences amongst racial and ethnic subgroups 

Black and Hispanic patients were more likely than White and 

sian patients to visit the ED and to be hospitalized especially 

uring the first wave, consistent with previous reports [ 5 , 33 ]. His-

orical distrust in the healthcare system [34] , being less informed 

bout COVID-19 risks [12] , and/or language barriers [35] might 

ave delayed seeking timely medical attention for COVID-19 symp- 

oms and contributed to higher ED visit and hospitalization rate. 

However, we found no evidence that Black and Hispanic pa- 

ients with COVID-19 had higher mortality rates in the first and 

econd COVID-19 wave in the Bronx and its environs compared 

o White and Asian patients. Mortality rates could be affected by 

he number of patients tested. If, due to unequal access, individu- 

ls were only tested when they show severe symptoms , the esti- 

ated mortality rate for COVID-19 might be different from a situa- 

ion with equal testing opportunity. We also found no evidence of 

edian household incomes by zip codes affecting mortality rates 

 Supplemental Table 3 ). Taken together, these findings suggest that, 

ithin the study population, there was no observed elevated bur- 

en of this disease among minority populations. Nonetheless, con- 

inuing outreach effort s to racial and ethnic minority groups are 

mportant in light of the relatively high ED and hospital visits 

mong these groups, as well as challenges in vaccine access and 

istribution in underserved communities [36] . 

. Limitations 

As with any retrospective study, there could be unintentional 

atient selection bias. Although our data came from 15 hospitals, 

his cohort came predominantly from the Bronx and its environs. 

hese findings need to be replicated at other hospitals to achieve 

roader generalizability. Data on COVID-19 treatments or clinical 

rials – possible explanatory variables in terms of improved out- 

omes – were not readily available for extraction in this study. An- 

ther limitation is related to the study population definition, which 

ncludes potential misclassification due to: (i) evolving test accu- 

acy (some test results might have been false negative early in the 

andemic), and (ii) evolving test policy and availability to popu- 

ation at large (testing was less available early in the pandemic). 

hus, percentage of positive rate, percentage of hospitalization, and 

ercentage of worse hospital outcomes need to be interpreted with 

aution. Median household income based on zip code was used in 

his study and future studies will need to compare clinical out- 

omes with socioeconomic status. Finally, this study only reported 

n in-hospital outcomes. It is also important to investigate the 

ong-term outcomes of COVID-19 survivors among different racial 

nd ethnicity subgroups. 
8 
. Conclusions 

The second COVID-19 wave in the Bronx exhibits improved clin- 

cal outcomes compared to the first wave across all age, racial, and 

thnic groups, with minority groups showing more improvement. 

his is encouraging news in the battle against health disparities 

nd may reflect improved public health measures, large scale PCR 

esting, earlier diagnosis, and new therapies. Reducing health dis- 

arities is important to minimize the overall socioeconomic and 

ealth burden of future COVID-19 resurgences. 
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