
Update on the current state of 
COVID-19

Max O’Donnell MD, MPH

Florence Irving Associate Professor of Medicine
Division of Pulmonary, Allergy, and Critical Care Medicine, & 

Department of Epidemiology
Columbia University Medical Center

NY, NY



Overview

• Global & national epidemiology SARS-CoV-2
• Review virology SARS CoV-2
• Covid-19 Epidemiology 

• Clinical epidemiology Covid-19
• ‘No new thing under the sun’?



Coronaviruses

• Family of enveloped positive-stranded RNA viruses
• Most affect bats, but also widespread among birds and 

mammals
• α and β effect mammals; γ, and δ mainly birds

• Possess four main structural proteins: S, M, N, & E
• Viruses transmitted via contact with secretions or 

droplets containing shedding virus
• Prior to 2019, there were six coronaviruses known to 

affect humans
• HCoV-229E, HCoV-NL63, HCoV-HKU1, HCoV-OC43, SARS-

CoV, and MERS-CoV



SARS-CoV-2

• Beta-coronavirus, incubation period 2-14 days
• Entry of SARS-CoV-2 is mediated by receptor binding 

domain (RBD) in the S protein and the angiotensin 
converting enzyme 2 (ACE2) receptor on host cell.
• Activation of S protein is related to TMPRSS2
• Contact, droplet, aerosol transmission confirmed relative 

contribution uncertain.  MTCT, fecal-oral transmission 
possible.
• R0=2.68 (range 2-4 depending on host susceptibility and 

epidemiologic scenarios e.g. nosocomial) for SARS-CoV-2







COVID-19, NYC

Source: NYC DOH, June 1, 2020
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Clinical characteristics of patients admitted to 
hospital with COVID-19 infection

Docherty et al. BMJ 2020; 369:m1985 doi: 10.1136/bmj.m1985  



• Adult patients (age ≥18 years) presenting to Milstein and Allen Hospitals 
between March 2nd and April 1st, 2020
• Laboratory-confirmed COVID-19 
• Critically ill with acute hypoxemic respiratory failure
• Mechanical ventilation (invasive or non-invasive) 
• High-level supplemental oxygen via high-flow nasal cannula or 

non-rebreathing face mask (15L/min)
• Patients identified prospectively through daily review of hospital 

admission logs in EMR
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Epidemiology, clinical course, and outcomes of critically ill 
adults with COVID-19 in New York City: a prospective 
cohort study
Matthew J Cummings, Matthew R Baldwin, Darryl Abrams, Samuel D Jacobson, Benjamin J Meyer, Elizabeth M Balough, Justin G Aaron, 
Jan Claassen, LeRoy E Rabbani, Jonathan Hastie, Beth R Hochman, John Salazar-Schicchi, Natalie H Yip, Daniel Brodie, Max R O’Donnell

Summary
Background Over 40 000 patients with COVID-19 have been hospitalised in New York City (NY, USA) as of 
April 28, 2020. Data on the epidemiology, clinical course, and outcomes of critically ill patients with COVID-19 in this 
setting are needed.

Methods This prospective observational cohort study took place at two NewYork-Presbyterian hospitals affiliated with 
Columbia University Irving Medical Center in northern Manhattan. We prospectively identified adult patients 
(aged ≥18 years) admitted to both hospitals from March 2 to April 1, 2020, who were diagnosed with laboratory-
confirmed COVID-19 and were critically ill with acute hypoxaemic respiratory failure, and collected clinical, biomarker, 
and treatment data. The primary outcome was the rate of in-hospital death. Secondary outcomes included frequency 
and duration of invasive mechanical ventilation, frequency of vasopressor use and renal replacement therapy, and 
time to in-hospital clinical deterioration following admission. The relation between clinical risk factors, biomarkers, 
and in-hospital mortality was modelled using Cox proportional hazards regression. Follow-up time was right-censored 
on April 28, 2020 so that each patient had at least 28 days of observation.

Findings Between March 2 and April 1, 2020, 1150 adults were admitted to both hospitals with laboratory-confirmed 
COVID-19, of which 257 (22%) were critically ill. The median age of patients was 62 years (IQR 51–72), 171 (67%) were 
men. 212 (82%) patients had at least one chronic illness, the most common of which were hypertension (162 [63%]) 
and diabetes (92 [36%]). 119 (46%) patients had obesity. As of April 28, 2020, 101 (39%) patients had died and 
94 (37%) remained hospitalised. 203 (79%) patients received invasive mechanical ventilation for a median of 18 days 
(IQR 9–28), 170 (66%) of 257 patients received vasopressors and 79 (31%) received renal replacement therapy. The 
median time to in-hospital deterioration was 3 days (IQR 1–6). In the multivariable Cox model, older age (adjusted 
hazard ratio [aHR] 1·31 [1·09–1·57] per 10-year increase), chronic cardiac disease (aHR 1·76 [1·08–2·86]), chronic 
pulmonary disease (aHR 2·94 [1·48–5·84]), higher concentrations of interleukin-6 (aHR 1·11 [95%CI 1·02–1·20] 
per decile increase), and higher concentrations of D-dimer (aHR 1·10 [1·01–1·19] per decile increase) were 
independently associated with in-hospital mortality.

Interpretation Critical illness among patients hospitalised with COVID-19 in New York City is common and associated 
with a high frequency of invasive mechanical ventilation, extrapulmonary organ dysfunction, and substantial 
in-hospital mortality.

Funding National Institute of Allergy and Infectious Diseases and the National Center for Advancing 
Translational Sciences, National Institutes of Health, and the Columbia University Irving Institute for Clinical and 
Translational Research.

Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction
As of April 28, 2020, nearly 1 million laboratory-
confirmed cases of COVID-19 associated with severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection have been reported in the USA.1 Of these, 
over 295 000 were reported in New York State.2 In New 
York City, over 160 000 cases were reported, of which 
approximately 40 000 (25%) had been admitted to 
hospital.2

Available data suggest that 5–20% of patients with 
COVID-19 develop critical illness that is characterised 

primarily by acute respiratory distress syndrome.3–6 
Although the clinical spectrum of severe COVID-19 has 
been characterised in reports from China and Italy,3–8 
detailed understanding of critical illness related to 
COVID-19 in the USA has been limited to a small case 
series from Washington State.9,10 Here, we characterise 
the epidemiology, clinical course, and risk factors for 
in-hospital mortality among a cohort of adults with 
COVID-19-related critical illness admitted to two hos -
pitals in New York City during the first month of the 
city’s outbreak.
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Patients and Demographics

• 1,150 patients hospitalized with 
laboratory-confirmed COVID-19 
during the study period
• 257 (22%) critically ill with acute 

hypoxemic respiratory failure
• Inpatient observation for median 

of 19 days (IQR 9-30)

Patient characteristic Study population, n=257
Male sex, n (%) 171/257 (66%)
Age, years, median (IQR) 62 (51-72)

Race or ethnic group, n (%)

Hispanic or Latino

Black or African American

White

Asian

Other

159/257 (62%)

49/257 (19%)

32/257 (12%)

8/257 (3%)

9/257 (4%)
Employed as healthcare worker, n (%) 13/257 (5%)



Co-morbidities
Patient Characteristic Study Population (n=257)

Body mass index, kg/m2, mean (±SD) 

Body mass index ≥ 30, n (%)

Body mass index ≥ 35, n (%)

Body mass index ≥ 40, n (%)

30.8 (±7.7)

119/257 (46%)

68/257 (26%)

33/257 (13%)
Co-existing disorder, n (%)

Hypertension

Diabetes mellitus 

Chronic cardiac disease

Chronic kidney disease

Current or former smoker

Chronic obstructive pulmonary or interstitial lung disease

Chronic neurological disease or dementia

Asthma

Active solid or hematologic malignancy or dysplasia

Solid organ transplant recipient 

Human immunodeficiency virus infection

Liver cirrhosis   

Number of co-existing disorders, median (IQR)

162/257 (63%)

92/257 (36%)

49/257 (19%)

37/257 (14%)

33/257 (13%)

24/257 (9%)

24/257 (9%)

21/257 (8%)

18/257 (7%)

10/257 (4%)

8/257 (3%)

5/257 (2%)

2 (1-3)



28 Day Outcomes

Outcomes Study population, n=257
n (%)

Died in-hospital  101/257 (39; 34-45)

Duration of hospitalization prior 
to  death, days,  median (IQR)

9 (5-15)

Hospitalized 94/257 (37; 31-43)

Transferred to another hospital 4/257 (2; 0-4)

Discharged alive

Required supplemental oxygen 
at  discharge

58/257 (23; 18-28)

12/58 (21; 12-33)
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hospital presentation because delayed initiation of 
supportive care might affect clinical outcomes and illness 
duration might affect host immune-inflam matory and 
thrombotic responses. We included specific comorbidity 
variables (hypertension, chronic cardiac and pulmonary 
disease, and diabetes) as these variables were significantly 
associated with mortality in univariable analyses. We also 
tested a separate multi variable Cox model including 
Sequential Organ Failure Assessment (SOFA) score as a 
covariable to evaluate the association between our inde-
pendent variables of interest and in-hospital mortality, 
while adjusting for the initial severity of illness. We 
confirmed the proportional hazards assumption of the 
Cox models using the Schoenfeld residuals test. All 
analyses were done using Stata (version 16; StataCorp, 
College Station, TX, USA).

Results
Between March 2 and April 1, 2020, 1150 adults were 
admitted to both hospitals with laboratory-confirmed 
COVID-19, of which 257 (22%) were critically ill (table 1; 
appendix p 4). The median period of observation fol-
lowing hospital admission was 19 days (IQR 9–30). The 
median age of patients was 62 years (51–72), 171 (67%) of 
257 patients were men, 159 (62%) were Hispanic or Latino, 
and 13 (5%) were health-care workers. 212 (82%) patients 
had at least one chronic illness (table 1). 119 (46%) patients 
had obesity (defined as body-mass index [BMI] ≥30), 
including 39 (71%) of 55 patients who were less than 
50 years of age. Patients presented to hospital a median of 
5 days (2–7) after symptom onset; black or African 

American and Hispanic or Latino patients presented later 
in their illness course than white patients. The most com-
mon presenting symptoms were shortness of breath, 
fever, cough, myalgia, and diarrhoea.

Median serum creatinine was 1·5 (IQR 1·9–2·4) and 
189 (87%) of 218 patients who had a urinalysis performed 
had proteinuria. Lymphocytopaenia was common, as 
was mildly elevated concentrations of aspartate ami-
notransferase. Concentrations of IL-6, high-sensitivity 
C-reactive protein, ferritin, D-dimer, high-sensitivity 
troponin, and procalcitonin were elevated in most 
patients (table 2).

As of April 28, 2020, 101 (39%) of 257 patients had 
died following a median of 9 days (IQR 5–15) in the 
hospital (figure 1). This included 84 (41%) of 203 patients 
who received invasive mechanical ventilation (IMV) 
during hospitalisation. Across racial and ethnic groups, 
death occurred in 20 (41%) of 49 black or African 
American patients, 61 (38%) of 159 Hispanic or Latino 
patients, and 15 (47%) of 32 white patients. The median 
time to clinical deterioration following admission 
was 3 days (1–6). Most deaths occurred in patients who 
were at least 50 years of age (figure 2). 94 (37%) of 
257 patients remained hospitalised with a median 
duration of hospitalisation of 33 days (29–36). 58 (23%) 
patients were discharged alive, 12 (21%) of which 
required supplemental oxygen, and four (2%) were 
transferred to another institution.

During hospitalisation, 115 (45%) of 257 patients 
initially received non-invasive respiratory support via 
non-rebreathing oxygen face mask, 12 (5%) via high-flow 
nasal cannula, and three (1%) via non-invasive ventilation 
(table 3). 203 (79%) patients received IMV for a median 
of 18 days (IQR 9–28). Survivors had a median of 27 days 
(15–32) of IMV and non-survivors had a median of 
10 days (4–16). Among 52 (26%) of 203 patients who 
were extubated alive, median duration of IMV was 
14 days (10–21). 71 (62%) of 115 patients who initially 
received non-invasive respiratory support ultimately 
received IMV after a median of 3 days (1–5).

Study population (n=257)

Lactate (mmol/L) 1·5 (1·1–2·2), 223

Creatinine (mg/dL) 1·5 (0·9–2·4)

Proteinuria 189/218 (87%)

Urine protein concentration (mg/dL) 100 (30–300)

White blood cell count (×10³ cells per μL) 9·8 (6·6–12·7)

Lymphocyte count (×10³ cells per μL) 0·8 (0·6–1·2), 228

Platelet count (×10³ cells per μL) 199 (148–270)

Bilirubin (mg/dL) 0·6 (0·4–0·8), 242

Aspartate aminotransferase (U/L) 61 (42–104), 242

Alanine aminotransferase (U/L) 39 (27–67), 242

Creatine kinase (U/L) 236 (103–646), 223

Prothrombin time (s) 14·7 (14·0–15·8), 241

Interleukin-6 (pg/mL) 26 (11–69), 237

High-sensitivity C-reactive protein (mg/L) 158 (92–254), 253

Ferritin (ng/mL) 924 (472–1789), 253

D-dimer (μg/mL) 1·6 (0·9–3·5), 244

High-sensitivity cardiac troponin T (ng/L) 19 (9–52), 254

Procalcitonin (ng/mL) 0·35 (0·17–1·1), 255

Data are median (IQR) or n (%). Data are median (IQR), n if fewer patients were 
assessed for those laboratory studies than the total number of patients in the 
study. 

Table 2: Biochemical and biomarker values

Figure 1: Kaplan-Meier cumulative incidence curve for in-hospital death 
among critically ill patients with COVID-19 
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On the first day of critical illness, the median SOFA 
score14 was 11 (IQR 8–13) and the median value of the 
lowest partial pressure of arterial oxygen (PaO2) to fraction 
of inspired oxygen (FiO2) ratio recorded on this day was 
129 (80–203; table 3). 170 (66%) of 257 patients received 
vasopressors and 79 (31%) received renal replacement 
therapy (RRT) during hospitalisation.

As the incidence of bacterial superinfection in our 
setting was unknown early in the outbreak, antibacterial 
agents were administered empirically to nearly all 
critically ill patients (229 [89%] of 257). Antibiotics were 
de-escalated based on pertinent culture data at the 
discretion of treating clinicians in collaboration with 
infectious diseases consultants. Antiviral agents were 
also administered to most patients: 185 (72%) received 
hydroxychloroquine and 23 (9%) received remdesivir. 
Remdesivir was administered through enrolment in clin-
ical trials or compassionate use access. 68 (26%) patients 
received corticosteroids and 44 (17%) received IL-6 
receptor antagonists. These agents were administered if 
there was a high suspicion of severe hyperinflammatory 
state, based on assessment of inflammatory markers, and 
lower suspicion for concurrent uncontrolled secondary 
infection, at the discretion of treating clinicians in 
collaboration with infectious diseases consultants.

In the multivariable Cox model (table 4), older age 
(adjusted HR [aHR] 1·31 [95% CI 1·09–1·57] per 10-year 
increase), chronic cardiac disease (aHR 1·76 [1·08–2·86]), 
chronic pulmonary disease (aHR 2·94 1·48–5·84]), 
higher concentrations of IL-6 (aHR 1·11 [1·02–1·20] per 
decile increase), and higher concentra tions of D-dimer 
(aHR 1·10 [1·01–1·19] per decile increase) were indepen-
dently associated with in-hospital mortality. The HRs 
generated in this model were consistent with those 
generated in a similar model adjusted for SOFA score 
(appendix p 2).

Discussion
Among critically ill adults with COVID-19 admitted to 
two hospitals in New York City during the first month of 
the city’s outbreak, the majority were men over 60 years 

of age with hypertension and diabetes, nearly half had 
obesity, and 5% were health-care workers. 79% of pa-
tients received IMV and a third received RRT. As of 
April 28, 2020, 39% of patients had died in hospital.

Novel findings in this study include establishing 
independent associations between biomarkers for 
inflammation (IL-6) and thrombosis (D-dimer) and 

Figure 2: Age distribution of critically ill patients with COVID-19
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Deaths (n=101)
All patients (n=257)

Study population (n=257)

Sequential Organ Failure Assessment score on day 1 of critical 
illness*

11 (8–13), 221

Lowest PaO2 to FiO2 ratio on day 1 of critical illness (mm Hg)† 129 (80–203), 222

Respiratory support

Non-rebreathing oxygen face mask 115 (45%, 39–51)

High-flow nasal cannula oxygen therapy 12 (5%, 3–8)

Non-invasive ventilation 3 (1%, 0–3)

Invasive mechanical ventilation 203 (79%, 74–84)

Duration of invasive mechanical ventilation (days) 18 (9–28)

Settings and parameters during first 24 h of invasive mechanical ventilation

Highest PEEP (cm H2O) 15 (12–18)

Highest FiO2 (%) 1·0 (0·8–1·0)

Tidal volume (mL per kg predicted bodyweight) 6·2 (5·9–7·2), 195

Minute ventilation (L/min) 8 (6–10)

Plateau airway pressure (cm H2O) 27 (23–31), 165

Respiratory system compliance (mL/cm H2O) 27 (22–36), 165

Driving pressure (cm H2O) 15 (11–18), 165

Advanced therapies for acute respiratory failure

 Early neuromuscular blockade‡ 51/203 (25%, 20–32)

 Inhaled nitric oxide 22/203 (11%, 7–16)

 Prone-positioning ventilation 35/203 (17%, 13–23)

 Extracorporeal membrane oxygenation 6/203 (3%, 1–6)

Received tracheostomy 17/203 (8%, 5–13)

Vasopressors 170 (66%, 60–72)

Renal replacement therapy 79 (31%, 25–37)

Antiviral agent

Hydroxychloroquine 185 (72%, 66–77)

Remdesivir 23 (9%, 6–13)

Antibacterial agent 229 (89%, 85–92)

Immunomodulatory agent

Corticosteroid 68 (26%, 21–32)

Interleukin-6 receptor antagonist 44 (17%, 13–22)

Outcomes

Died in hospital 101 (39%, 34–45)

Duration of hospitalisation prior to death (days) 9 (5–15)

Remained hospitalised 94 (37%, 31–43)

Transferred to another hospital 4 (2%, 0–4)

Discharged alive 58 (23%, 18–28)

Required supplemental oxygen at discharge 12/58 (21%, 12–33)

Data are median (IQR) or n (%), with 95% Wilson score CIs. Data are median (IQR), n if fewer patients were assessed for 
those outcomes than the total number of patients in the study. The study population was admitted to hospital 
between March 2 and April 1, 2020. Follow-up time was right-censored on April 28, 2020. PaO2=partial pressure of 
arterial oxygen. FiO2=fraction of inspired oxygen. PEEP=positive end-expiratory pressure. *Mental status assessment of 
alert, responsive to voice, pain, or unresponsive also converted to Glasgow Coma Scale for calculation.14 †FiO2 of 0·90 
used for patients receiving supplemental oxygen at 15 L/min through non-rebreathing face mask. ‡Administered 
within 48 h of initiation of invasive mechanical ventilation.

Table 3: Clinical management and outcomes of study population



Risk Factors for in-hospital mortality 
Variable    Univariable HR         

(95% CI)

Multivariable HR              

(95% CI)
Age, per ten-year increase 1.49 (1.29-1.73) 1.31 (1.09-1.57)
Male sex  0.85 (0.57-1.27) 1.13 (0.71-1.81)
Symptom duration prior to hospital 
presentation, per day

0.98 (0.93-1.02) 1.01 (0.96-1.05)

Hypertension 2.24 (1.40-3.59) 1.58 (0.89-2.81)
Chronic cardiac disease 2.21 (1.44-3.39) 1.76 (1.08-2.86)
Chronic obstructive pulmonary 
and/or interstitial lung disease

3.15 (1.84-5.39) 2.94 (1.48-5.84)

Chronic kidney disease 1.50 (0.92-2.45) ---
Diabetes mellitus 1.65 (1.11-2.44) 1.31 (0.81-2.10)
Body-mass-index ≥40 0.76 (0.40-1.47) ---
Interleukin-6, per-decile increase 1.12 (1.04-1.21) 1.11 (1.02-1.20)
D-dimer, per-decile increase 1.18 (1.10-1.27) 1.10 (1.01-1.19)



Long term follow up

• As of July 2nd, 2020, all patients >90-days of observation, 
• Final in-hospital outcome was known for 250 of 257 (97%) patients. 
• 113 (44%) patients had died (including 96 of 203 [47%] patients who received 

invasive mechanical ventilation)
• 133 patients (52%) were discharged alive 
• 4 (1%) were transferred to another hospital
• 7 (3%) remained hospitalized



Overview

• Global & national epidemiology SARS-CoV-2
• Clinical epidemiology Covid-19
• ‘No new thing under the sun’?



What are the unique clinical aspects 
of Covid-19?

Clinical epidemiology
• Cytokine storm?
• Does NP viral load correlate with 

treatment response?
• Co-morbid risk factors?
• Macro- and micro-thrombotic state?
• Multiorgan involvement?
• Unique ARDS sub-phenotypes?

Clinical therapeutics
• Responsive to IL-6 inhibition?
• Role of antivirals for therapy?
• Steroid responsive?
• Convalescent plasma?
• Empiric anticoagulation?
• Strategies to avoid renal failure? 

Neuroprotective?
• Non-ARDSnet ventilatory strategies? 

When to intubate?


