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Arfic{e history: ) Background: There is limited clinical patient data comparing the first and second waves of the coron-
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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

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

COVID-19 March 11, 2020, and January 21, 2021. Main outcome measures were critical care, in-hospital acquired

SARS-CoV-2 disease and death. Patient demographics, comorbidities, vitals, and laboratory values were also collected.

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

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

gtatfsicit laboratory values at presentation, and lower risk of adverse outcomes, including in-hospital mortality
Mortalit); (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-
Bronx 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.
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tion and compared a large number of clinical variables and

Evidence before this study: There is limited clinical patient outlcomlqs I)tc?tweenfthlel ﬁtht and.ieli(l)nd C'(‘)lVID—l.QTvl:aves. d
data comparing the first and second waves of the coronavirus mpications of a € avarab’e evidence: 'he secon

disease 2019 (COVID-19) in the United States and the effects COVID-19 wave in the Bronx exhibits improved clinical out-

of a COVID-19 resurgence on different age, racial and eth- comes compareq to tl,]e ﬁ.rSt Wave across ,all age, rqcial, and
nic groups. Studies from other countries have observed that ethnic groups with minority groups showing more improve-

the second wave was characterized by a younger cohort with ment. _This is encouraging news in the b%ttle against health
fewer comorbidities and improved clinical outcomes. disparities and may reflect improved public health measures,

Added value of this study: In the largest cohort to date, large scale PCR testing, earlier diagnosis, and new therapies.
our study included a racially and ethnically diverse popula-

* Corresponding authors.
E-mail addresses: wouter.hoogenboom@einsteinmed.org (W.S. Hoogenboom),
tim.duong@einsteinmed.org (T.Q. Duong).

https://doi.org/10.1016/j.1ana.2021.100041
2667-193X/© 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/)


https://doi.org/10.1016/j.lana.2021.100041
http://www.ScienceDirect.com
http://www.elsevier.com/locate/lana
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lana.2021.100041&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:wouter.hoogenboom@einsteinmed.org
mailto:tim.duong@einsteinmed.org
https://doi.org/10.1016/j.lana.2021.100041
http://creativecommons.org/licenses/by-nc-nd/4.0/

W.S. Hoogenboom, A. Pham, H. Anand et al.
1. Introduction

Less than a year into the coronavirus disease 2019 (COVID-
19) pandemic [1,2], the United States (US) has reached a grim
and once-unthinkable milestone of 500,000 COVID-19 deaths
with more than 25 million Americans infected by SARS-CoV-2
(https://coronavirus.jhu.edu, Feb 22, 2021). Many COVID-19 sur-
vivors continue to have short- to intermediate-term health issues,
and some may experience long-term sequela, imposing a heavy
health and socioeconomic burden for years to come [3]. COVID-
19 has also highlighted and exacerbated health and healthcare
disparities [4-6].

On January 9, 2020, when the World Health Organization
(WHO) announced a coronavirus-related pneumonia outbreak in
Wuhan, China, little was known about this new infectious dis-
ease. Preventative measures, SARS-CoV-2 PCR and antibody tests,
and targeted therapies were limited, resulting in the first wave
of widespread global infection. During the second and subse-
quent waves, reliable testing was more widely available, contact
tracing more efficient, experimental therapies under investigation,
amongst others, enabling healthcare providers to better treat the
disease resulting in improved clinical outcomes.

Remarkable progress has been made in our understanding
of SARS-CoV-2’s pathogenicity and transmissibility. Public health
measures (i.e., wearing masks, hand hygiene, social distancing, etc.)
are effective in curbing the spread of SARS-CoV-2 [7], and new
and effective treatments and vaccines are becoming available. The
first anti-viral COVID-19 treatment, remdesivir, was approved by
the Food and Drug Administration on October 22, 2020, and the
first COVID-19 vaccine was approved on December 11, 2020, with
a third vaccine recently approved for use in the US at the time of
this writing.

Despite many measures to combat COVID-19, multiple resur-
gences are occurring around the world [8-11], reflecting vari-
able successes in controlling SARS-CoV-2 infection. Because future
resurgences of this virus and its variants are likely, it is crucial to
understand how this affects disease outcomes. Asia and Europe [8-
11] experienced a second wave several weeks to several months
ahead of the US but few studies to date have characterized resur-
gences with respect to clinical variables in details and most studies
had small sample sizes.

COVID-19 disproportionally affects racial and ethnic minority
groups [4,12]. Living conditions, household density, occupational
exposure, and access to quality care, amongst others, might have
contributed to increased vulnerability to SARS-CoV-2 infection and
poorer outcomes in underserved populations [13]. Understanding
how clinical outcomes evolve differently amongst racial and ethnic
groups across the COVID-19 pandemic could better inform public
policy and outreach initiatives.

The Montefiore Health System (MHS), one of the largest health-
care systems in New York City (NYC) with 15 hospitals in the Bronx
environs, was hit hard by the first wave of COVID-19, which peaked
in April 2020 [14]. After a relatively long quiescent period, a dis-
tinct second COVID-19 wave followed. The MHS serves a large low-
income, and racially and ethnically diverse population providing an
opportunity to study the effects of the second COVID-19 wave in a
unique patient population.

The goal of this retrospective cohort study was to compare
demographic data, clinical characteristics, and clinical outcomes
of individuals with SARS-CoV-2 infection between the first and
second wave of the pandemic in a large New York City health
system, and to evaluate the potential differential impact of the
second surge across age, racial and ethnic groups. To our knowl-
edge, this is the largest cohort to date comparing the first and
second COVID-19 waves amongst a large racially and ethnically
diverse population.
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2. Method

This study was approved by the institutional review board of
the Albert Einstein College of Medicine, and informed consent was
waived because this was a retrospective cohort study with deiden-
tified patient data. The study followed the Strengthening the Re-
porting of Observational Studies in Epidemiology (STROBE) report-
ing guidelines for cohort studies.

2.1. Data source

All data originated from MHS and were made available for
research after standardization to the Observational Medical Out-
comes Partnership (OMOP) Common Data Model (CDM) version
6. OMOP CDM represents healthcare data from diverse sources,
which are stored in standard vocabulary concepts, [15] allowing
for the systematic analysis of disparate observational databases,
including data from the electronic medical record, administrative
claims, and disease classifications systems (e.g., ICD-10, SNOWMED,
LOINC, etc.). ATLAS, a web-based tool developed by the Observa-
tional Health Data Sciences and Informatics (OHDSI) community
that enables navigation of patient-level, observational data in the
CDM format, was used to search vocabulary concepts and facilitate
cohort building. Data were subsequently imported into an SQLite
database (www.sqlite.org) and queried using the DB Browser (ver-
sion 3-12-0).

2.2. Study population

A total of 122,983 patients were tested for COVID-19. The first
wave included summary data from March 11, 2020, to August 15,
2020, and the second wave included summary data from August
16, 2020, to January 21, 2021. In the first wave, 49,403 patients
were tested for SARS-CoV-2, and in the second wave, 73,580 were
tested for COVID-19 infection using real-time polymerase chain re-
action test for SARS-CoV-2 on a nasopharyngeal swab specimen.
All individuals with lab confirmed SARS-CoV-2 infection during the
study time frame, including incidental cases, were included in this
study.

2.3. COVID-19 outcomes and clinical variables

Primary outcome was mortality. Secondary outcomes were
emergency department (ED) visits, hospitalization, intensive care
unit (ICU) admission, need for invasive mechanical ventilation
(IMV), length of stay (LOS), and acute kidney injury (AKI). AKI was
defined by KDIGO standards [16,17] either a 0-3 mg/dl increase
within 48 h or 1.5 times the lowest reading during hospitalization
due to lack of data prior to hospitalization.

Other tabulated clinical variables included demographics,
chronic comorbidities, and clinical/laboratory tests at presentation.
Demographic data were self-identified by the patient during clini-
cal visits and included age, gender, ethnicity and race categorized
as Hispanic, non-Hispanic Black, non-Hispanic White, Asian, other
(comprising non-Hispanic patients indicating their race as multiple
selected, American Indian or Alaska Native, or some other race) or
unknown/declined. Median household incomes by zip codes (84-5%
were from Bronx County) were also tabulated.

2.4. Statistical analysis

All statistical analysis were performed using Stata statistical
software (version 13.1, StataCorp, College Station, TX). We used
descriptive statistics to report patient demographic characteristics,
including mean + standard deviation age, proportion of female
patients, proportion of racial and ethnic groups, and prevalence
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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.

of pre-existing conditions for each of the two cohorts: (1) indi-
viduals with SARS-CoV-2 infection detected during the first wave
(i.e., March 11, 2020, to August 15, 2020) and (2) individuals with
SARS-CoV-2 infection detected during the second wave of the pan-
demic (i.e. August 16, 2020, to January 21, 2021). We reported vi-
tal signs and laboratory values as proportion of individuals who
exceeded normal ranges. Comparisons of COVID-19 outcomes (i.e.,
ED visits, hospitalization, LOS, ICU admission, IMV use, AKI, overall
death, and in-hospital death) between first and second COVID-19
wave cohorts were reported as risk ratios, risk differences, and age-
adjusted odds ratios along with 99-5% confidence intervals given
large sample size and multiple outcomes of interest.

2.5. Role of the funding source

No funds.

3. Results

3.1. Patient demographics, pre-existing conditions, and laboratory
variables

Between March 11, 2020, and January 21, 2021, there were two
distinct waves of COVID-19 positive cases (Fig. 1). The first wave
peaked in April 2020 followed by a low infection rate period dur-
ing the summer and fall of 2020, and a distinct resurgence peaked
in January 2021. The second wave had a slower rise and lower peak
compared to the first wave.

Patient demographic characteristics and comorbidities for first
and second wave COVID-19 cohorts are presented in Table 1. There
were 8,759 SARS-CoV-2 positive cases in the first wave and 3,900
SARS-CoV-2 positive cases in the second wave. Compared to the
first wave (mean age + standard deviation = 56-3 £ 19.1 years,
range = 0 to 103 years; 51-7% female; 38-6% Hispanic; 10-3% White,
33.8% Black; 3-2% Asian) the second wave cohort was younger
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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 Waven = 8,759  Second Waven = 3,900

Demographics

Age in years, mean + SD  56-3 + 19:1 509 + 218
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.

(mean age + standard deviation = 50-9 + 21.8 years, range = 0 to
101 years) had more Hispanic (47-3%) and White patients (13-8%),
fewer Black patients (23-9%), and about the same proportion Asian
patients (3-4%) and female sex (53-2%).

Second wave patients had proportionally fewer pre-existing
conditions, including hypertension, stroke, type 2 diabetes, chronic
kidney disease, and heart failure.

Compared to first wave patients, proportionally fewer second
wave patients exceeded normal range laboratory values and vitals
at presentation (Table 2) with the greatest differences in lactate
dehydrogenase (difference = -15-4%, 99-5% Cl = -19-4 to -11-5%),
blood urea nitrogen (difference = -15.0%, 99-5% Cl = -18.6 to -
11.5%), and D-dimer (difference = -8-2%, 99-5% CI = -10-9 to -5-5%).

3.2. COVID-19 outcomes

Comparisons of COVID-19 outcomes between first and second
wave cohorts are presented in Fig. 2 and Table 3. Compared to
the first wave, the second wave cohort had lower risk for all clini-
cal outcomes (risk differences = -1.76% to -16-59%) with most pro-
nounced reduction in mortality (overall mortality: adj. OR = 0-22,
99.5% CI = 0-17 to 0-28; in-hospital mortality: adj. OR = 0.23,
99.5% CI = 0-17 to 0-30), acute kidney injury (adj. OR = 0.62,
99.5% CI = 0-54 to 0-71), and hospitalization (adj. OR = 0-65, 99-5%
Cl = 0-58 to 0-74). Least pronounced cohort differences in clinical
outcomes were noted for ED visits (adj. OR = 1.09, 99-5% CI = 0-96
to 1.25) and ICU admission (adj. OR = 0-85, 99-5% CI = 0-69 to
1.04).

3.3. COVID-19 outcomes by age

Clinical outcomes of the first and second waves are plotted for
different age groups (Fig. 3). In the second wave, the proportion
of positive cases increased in the age groups under 40 years old
and decreased in the older age groups. Hospitalization rate was
lower for each age group. ICU admission was lower for each age
group, except 70+ age groups. Invasive mechanical ventilator use
was lower for each age group except in the 80+ age groups. Me-
dian hospital length of stay was shorter for survivors, but longer
for non-survivors. Incidence of acute kidney injury and in-hospital
mortality were lower for all age groups.
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Table 2

The Lancet Regional Health - Americas 3 (2021) 100041

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(02) -02 -0-6 to 02
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% -186 to -11-5
C-reactive protein, mg/dL <1 3,767 (89-1) 1,378 (82.0) -71% -10.0 to -4-1
Creatinine, mg/dL 0-84 to 1-21 3,765 (722) 1,367 (66-7)  -5.5 -8.9 to -2-1
D-dimer, pg/mL <04 3,681 (93.0) 1,452 (84-.8)  -82 -10-9 to -5.5
Lactate dehydrogenase, U/L 140 to 280 3262 (74-4) 924 (58.9) -15.4 -194 to -115
Lymphocytes, x10°/L 1.0 to 4.0 2,196 (42-6) 839 (40-7) -1.9 -5.5t0 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
Age-adjusted risk for COVID-19 outcomes
in the second wave relative to the first wave
ED visits- H-@—
Hospitalization- H@H
Intensive care- —o—H
Invasive mechanical ventilation- —o—
Length of stay > 6 days- Ho—
Acute kidney injury- H@H
Overall mortality-
In-hospital mortality <
T T T T TT ™ T T T T
0.0 0.5 1.0 1.5 2.0
Odds Ratio

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.

3.4. COVID-19 outcomes by racial and ethnic groups

Age-adjusted odds ratios for COVID-19 clinical outcomes in the
second wave relative to the first wave, stratified by race and eth-
nicity, are presented in Fig. 4 and Supplemental Table 1. All racial
and ethnic groups had significantly lower mortality in the second
wave (adj. OR’s < 0-27), but unlike White and Asian patients, Black
and Hispanic patients had more clinical outcomes, including hospi-
talization, invasive mechanical ventilation, ICU admission, and hos-

pital duration with lower risk (adj. OR’s < 1). A detailed sum-
mary of proportions escalated care, in-hospital acquired disease,
and death in first and second wave COVID-19 by racial and ethnic
groups can be found in Supplemental Table 2.

4. Discussion

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

lower peak, younger cohort, fewer comorbidities, less extreme lab-
oratory values at admission, lower hospitalization rate, shorter
hospital duration, lower incidence of acute kidney injury, and
markedly lower mortality rate across all ages. Clinical outcomes
also improved across all racial and ethnic groups, in particular
among Black and Hispanic patients, which is encouraging news in
the battle against health disparities.

After the first peak in April 2020, a relatively quiescent pe-
riod followed between June and November 2020, which was likely
due to effective public health messaging, behavioural changes (i.e.,
social distancing, mask wearing, hand hygiene, quarantining, and
contact tracing), partial lockdowns, seasonal changes, some degree
of herd immunity, and a controlled re-opening in NYC areas that
collectively mitigated disease spread. The resurgence that peaked
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Table 3

Clinical outcomes of individuals with SARS-CoV-2 infection in the Montefiore Health System during the first and second wave of the pandemic.

Second wave vs first wave

Second Wave n = 3,900

First Wave n = 8,759

Risk difference, %  99-5% CI 0dds Ratio® 99.5% CI

99.5% CI

Risk ratio

o
o

Absolute risk, n (%)

Clinical outcomes

0.96 to 1.25

1.09
0-65
0-85
0-70

0.

-4.89 to -0-18

-2.53
-14.00
-1.76
-2.84
-16:38
-11.28
-11.17
-16:59

0-94 to 1.00

0.97
0-

2,878 (73-79)

6,689 (76-37)
5,060 (57-77)

785 (8.96)

ED visits

0-58 to 0-74
0-69 to 1.04

-16-68 to -11-32
-3.20 to -0-31

0-72 to 0-80
0.67 to 0-97
0-53 to 0-81

76

1,707 (43.77)

Hospitalization
Intensive care

0-80
0.65
0-66

0-

0-56 to 0-89
0-60 to 0-85
0-54 to 0-71

-4.14 to -1.54

71
62
22
23

-20-10 to -12-67
-13.56 to -9-00
-12.54 to -9-81

0-59 to 0-73
0-58 to 0-71

0.

64

20.41)

0-17 to 0-28
0-17 to 0-30

0.

0-20 to 0-32
0-24 to 0-40

025
031

0.

-19.05 to -14-13

Invasive mechanical ventilation
Length of stay > 6 days?®

Acute kidney injury

Overall mortality

47.55)
31.61)
14.86)
24.09)

793

2,406

2,769
1,302
1,219

In-hospital mortality?

3 Among hospitalized patients
b Age-adjusted odds ratio

The Lancet Regional Health - Americas 3 (2021) 100041

in January 2021, coincided with the preceding holiday season and
colder weather that resulted in more frequent indoor gatherings,
which might have contributed to increased rates in transmissions.

The second wave COVID-19 patients were younger, which could
be due to the younger population returning to school and work ac-
tivities and/or better preventive measures to protect the older pop-
ulation, especially in nursing homes and assisted living facilities
[19]. It is also possible that some of the older vulnerable patients
died in the first wave, resulting in a subsequent shift towards a
younger demographic in the second wave.

Lower hospitalization rate might be the result of increased
COVID-19 testing, which would lead to identification of milder
cases not meeting criteria for hospitalization. This idea is sup-
ported by the fact that ED visit rate remained high in the second
wave. Changes in hospital duration (i.e., shorter LOS for survivors
and longer LOS for non-survivors), likely reflect improved disease
management and available treatment options [20].

Mortality rates showed stark contrast between the first and sec-
ond waves, likely the results of lessons learned, improved preven-
tion, treatments and medical management [20]. Also, changes in
testing policy may have enabled early detection and timely inter-
vention, which likely contributed to reduction in severe disease.
The improved clinical outcomes in the second wave were consis-
tent with admission blood tests that indicated less severe disease
at admission [21-24].

Systematic documentation of admission criteria and hospital ca-
pacity between the first and second waves were not readily avail-
able across all hospitals and clinics in the Montefiore Health Sys-
tem. The practice and capacity across multiple hospitals likely
varied. However, we speculate that during the first wave of the
pandemic when our Health System reached maximum capacity,
stricter admission criteria could have led to only the most se-
vere people being admitted, whereas during the second wave, our
Health System was less burdened and likely admitted less severe
cases.

Montefiore is a private, non-profit healthcare organization with
an integrated academic delivery system and a multi-county am-
bulatory network. Montefiore is affiliated with the Albert Ein-
stein College of Medicine, a premier institution for medical edu-
cation, basic research and clinical investigation. We do not know
how public or private healthcare system status could have affected
COVID-19 outcomes, which would likely vary.

Historically, epidemics have occurred in phases often with
more severe subsequent waves. For example, during the 1898 and
1918 influenza pandemics, second and third waves were much
more fatal than the first [25,26] possibly due to mutated virus
strains and military operations during World War I, which facili-
tated virus spread [27]. In our study, the second COVID-19 wave
was less deadly and had a slower rise and lower peak com-
pared to the first wave. While this finding is in line with COVID-
19 resurgences observed in other parts of the world [8,9,28,29],
many countries experience a more traditional pattern. For exam-
ple, COVID-19 resurgences are reportedly much worse in India,
Taiwan, Turkey and other countries (https://graphics.reuters.com/
world-coronavirus-tracker-and-maps/). This temporal variability
in COVID-19 severity across countries may be partially due to
pathogen evolution, behavioural changes, public health interven-
tions, vaccination rates, comorbidity burden, and socio-economic
factors [30,31].

Asia and Europe [8-11] experienced a second wave several
weeks to several months ahead of the US but few studies to date
have characterized resurgences with respect to clinical variables
in details. A study using a Japanese public registry of 5,194 pa-
tients [8] found that the second wave had a younger demographic,
fewer comorbidities, fewer severe patients at admission, and re-
duced mortality. Limited clinical and laboratory variables were an-
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alyzed. A study from Spain of 468 hospitalized COVID-19 patients
found that their second wave cohort was younger, had shorter LOS,
needed fewer invasive mechanical ventilation, and had lower mor-
tality in the second wave [10]. An Italian study with 200 Caucasian
males over the age of 50 reported lower in-hospital mortality in
the second wave [9]. In contrast, a study from France reported no
survival difference between 50 first and second wave critically ill
COVID-19 patients [32]. Another study from Houston, Texas ob-
served the first wave in April 2020 followed closely by a resur-
gence in July 2020 and reported lower mortality and a shift toward
younger demographics [29]. Our findings are in general agreement
that the second surge had a younger demographic and lower mor-
tality rate. In contrast to previous studies, our study has the largest
cohort to date, consists of a large population of racial and ethnic
minorities, and compares many clinical variables and outcomes be-
tween the two waves.

4.1. Differences amongst racial and ethnic subgroups

Black and Hispanic patients were more likely than White and
Asian patients to visit the ED and to be hospitalized especially
during the first wave, consistent with previous reports [5,33]. His-
torical distrust in the healthcare system [34], being less informed
about COVID-19 risks [12], and/or language barriers [35] might
have delayed seeking timely medical attention for COVID-19 symp-
toms and contributed to higher ED visit and hospitalization rate.

However, we found no evidence that Black and Hispanic pa-
tients with COVID-19 had higher mortality rates in the first and
second COVID-19 wave in the Bronx and its environs compared
to White and Asian patients. Mortality rates could be affected by
the number of patients tested. If, due to unequal access, individu-
als were only tested when they show severe symptoms , the esti-
mated mortality rate for COVID-19 might be different from a situa-
tion with equal testing opportunity. We also found no evidence of
median household incomes by zip codes affecting mortality rates
(Supplemental Table 3). Taken together, these findings suggest that,
within the study population, there was no observed elevated bur-
den of this disease among minority populations. Nonetheless, con-
tinuing outreach efforts to racial and ethnic minority groups are
important in light of the relatively high ED and hospital visits
among these groups, as well as challenges in vaccine access and
distribution in underserved communities [36].

5. Limitations

As with any retrospective study, there could be unintentional
patient selection bias. Although our data came from 15 hospitals,
this cohort came predominantly from the Bronx and its environs.
These findings need to be replicated at other hospitals to achieve
broader generalizability. Data on COVID-19 treatments or clinical
trials - possible explanatory variables in terms of improved out-
comes - were not readily available for extraction in this study. An-
other limitation is related to the study population definition, which
includes potential misclassification due to: (i) evolving test accu-
racy (some test results might have been false negative early in the
pandemic), and (ii) evolving test policy and availability to popu-
lation at large (testing was less available early in the pandemic).
Thus, percentage of positive rate, percentage of hospitalization, and
percentage of worse hospital outcomes need to be interpreted with
caution. Median household income based on zip code was used in
this study and future studies will need to compare clinical out-
comes with socioeconomic status. Finally, this study only reported
on in-hospital outcomes. It is also important to investigate the
long-term outcomes of COVID-19 survivors among different racial
and ethnicity subgroups.
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6. Conclusions

The second COVID-19 wave in the Bronx exhibits improved clin-
ical outcomes compared to the first wave across all age, racial, and
ethnic groups, with minority groups showing more improvement.
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. Reducing health dis-
parities is important to minimize the overall socioeconomic and
health burden of future COVID-19 resurgences.
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