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Objectives

By the conclusion of this talk, you will be able to:

• Describe the purpose of the JH-CROWN registry

• Cite one challenge that was encountered during the 

development of JH-CROWN and the method(s) used 

to address the challenge

• Summarize one research insight that was enabled by 

the use of JH-CROWN 

• Feel good to know clinical and data scientist are 

collaborating to improve Covid-19 outcomes
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September 2014
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The JH Biocontainment Unit
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Regional Ebola and Special Pathogen 

Treatment Centers (RESPTCs)
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The Hopkins BCU Vision
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BCU Activation for COVID-19

Dates Patients

Activation #1 February 29th-March 4th 2 PUIs

Activation #2 March 6th-March 8th 1 PUI

Activation #3 March 13th-March 20th 11 COVID-19+
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ICU Patient 1

• 40 y/o male with 4-day history of fever 

and cough

• Recent travel to Florida 1 week before 

• No significant PMH
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T 38.9 RR 44 P 115 BP 119/59 92% NRB 
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How do we treat him?

• Intubation and mechanical ventilation

• Proning

• Hydroxychloroquine

• Remdesivir

• Steroids

• Lopinavir/Ritonavir

• Tocilizumab

• Anticoagulation
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Clinical Course

• Intubated for 26 days

• Proned multiple times

• Mildly reduced EF

• Left brachial vein DVT

• Ventilator associated pneumonia

• Prolonged delirium

• 50-pound weight loss
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Lab Highlights

• D-dimer>30 mg/L FEU

• Fibrinogen 914 mg/dl

• Absolute lymphocyte count 690 K/cu mm

• CRP 21.5 mg/dl

• IL-6 905 pg/ml
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WHO ‘States’ of COVID-19
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Trajectory for Patient AA

COPSS-NISS 184/19/2021
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Precision Medicine Analytics Platform 

(PMAP)
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THE JH-CROWN REGISTRY
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• Patients across Johns Hopkins with a positive test for 

SARS-CoV-2 or a diagnosis of COVID-19

• Any patient who is tested for SARS-CoV-2 at JHM

• EPIC data (labs, meds, vital signs, notes, etc.), 
Radiology Data, Physiologic Monitoring

• Built by a village (faculty, students)

• Basis for novel statistical analytics 

• 6000 COVID inpatients, 20,000 COVID outpatients, 
150,000 negative controls

https://ictr.johnshopkins.edu/coronavirus/jh-crown/

https://ictr.johnshopkins.edu/coronavirus/jh-crown/


Clinical and statistical objectives

Support clinicians to provide valid, science-based 

(partial) answers to three questions patients ask:

1. What is my current disease state and how does it 

compare to other patients?

2. What is my likely disease trajectory?

3. Among the available treatments, which is best for 

me now?

– What is the population-average effect of this treatment on 

people “like me?

– How heterogeneous is the treatment efficacy and safety?
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Statistical Challenges 

1. Wrangling gigabytes of transactional EHR data into a longitudinal data 

set for thousands of patients; limitations of measurements

2. Brand new disease without a clinical evidence base

3. Observational, not experimental data

…=> Treatments(i,t-1) => Outcomes(I,t) => Treatments(I,t) =>…

3. Outcomes comprise many biomarkers, major events and treatment 

choices

4. Competing risks of three major events: discharge, intubation, death

5. Significant fraction of deaths complicate off-the-shelf LDA

6. Predictors are numerous and dynamic; many are irrelevant; need to 

find the important ones

7. Potentially useful results are unhelpful until translated into terms 

clinicians can understand to improve their decisions
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Project 1 Question: What is my risk of 

having severe disease given my condition 

on time 0 – start of hospitalization?

• Severe disease definition: high flow nasal 

cannula, non-invasive ventilation, intubation, 

death before discharge

• Competing risks survival analysis

• Predict risk of severe outcome from baseline 

variables

• Clinical judgement + Lasso for variable 

selection

• Covid Inpatient Risk Calculator (CIRC) (Garibaldi, 

et al, 2020)
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COVID Inpatient Risk 

Calculator (CIRC)
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Project 2 Question: What is my risk of 

having severe disease given my 

current condition on time t?

• Predict risk of severe outcome from baseline and all intervening 

measures prior to t with 6-hourly updates

• Random Forest for Survival, Longitudinal and Multivariate (RF-SLAM) 

outcomes (Wongvibulsin, et al, 2019)

• Approximating tree to explain predictions to clinicians and patients 

(Wongvibulsin, et al, 2020)

• Severe Covid 19 Adaptive Risk Predictor (SCARP) (Wongvibulsin, et 

al, 2021)

• SCARP-lite implemented in JH Epic HER (Robinson, et al in 2021)
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Summary of RF-SLAM predictions

Summary tree of RF-SLAM predictions of 1-week risk of severe disease or death. The predicted probabilities are expressed 
in the terminal nodes and shaded according to lowest risk (0%) to highest risk (100%) prediction
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Project 3 Question: Given my current state, 

what are my future risks of discharge, 

intubation or death; what are my expected 

biomarker trajectories?

• Competing discrete hazards of (3) events on each 

future day (Project 1 approach)

• Retrospective longitudinal data analysis of multiple 

biomarkers given event outcome (define t=0 at event 

time) (Bowring, MG, Wang, Z et al, 2021)

• Bayes rule to calculate the probability of a future 

event given baseline and biomarker data until current 

time.
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Longitudinal Data Analysis
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Project 4 Question: Which treatment is 

best for for me now given my outcomes to 

date; should I be intubated today?
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• Hard statistical problem - first try

• Bayesian multivariate mixed model of three outcomes given 

exogenous covariates: 

A. biomarkers given treatments and random effects

B. events given biomarkers and treatments and random 

effects; 

C. treatment choice given biomarkers and events and random 

effects

• Prior distributions reflect clinical trials results for models A and B 

and knowledge about likely degrees of patient-to-patient 

heterogeneity

• Built in sensitivity analysis by varying random effects
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Simulated Trajectories and Events between Day 12 and Day 24 (𝑣𝑎𝑟 𝑏𝐴 = 0.01,𝑁𝑝𝑜𝑠𝑡 = 4000)

Vented

Not Vented

75𝑡ℎ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 (0.067)50𝑡ℎ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 (0)𝑏𝐴: 25𝑡ℎ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒(−0.067) None



Project 4 Sub-Question: What is the population 

average treatment effect?
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Tocilizumab reduces mortality 
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Ignatius E, et al. OFID, 2020

Elisa Ignatius
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Redemsivir speeds

clinical improvement

Kunbo Wang

Yanxun Xu



High flow nasal cannula

improves outcomes in sicker patients

4/19/2021
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IgM Autoantibodies to ACE-2
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Livia Casciola-Rosen

Antony Rosen



Remaining Questions…

• Combination therapy

• Impact of vaccines

• Post-acute sequelae of COVID-19
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The JH-CROWN Team

CCDA
• Bonnie Woods

• David Thiemann

• Masoud Rouhizadeh

• Scott Carey

• Michael Cook

• Diana Gumas

PMAP
• Ken Harkness

• Paul Nagy

• Mariam Ghobadi-Krueger

• Aalok Shah

• Phil Gianuzzi

• Christopher Doyle

• Alan Coltri
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Bloomberg SPH
• Scott Zeger

• John Muschelli

• Karen Bandeen Roche

• Mary Grace Bowring 

• Martina Fu

• Yizhen Xu

• Zitong Wang

• Yanxun Xu

• Kunbo Wang

• Mei-Cheng Wang

• Jiyang Wen

• Jamie Perin

• Grant Schumock

• Josh Betz

SOM
• Brian Garibaldi

• Antony Rosen

• Amita Gupta

• Matt Robinson

• Ashwini Davison

• Josh Gray

• Bob Bollinger

• Eileen Scully

Applied Physics
• Hannah Cowley

• William Gray Roncal

• Michael Robinette

• Daniel Xenes
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https://www.hopkinsmedicine.org/inhealth/precision-medicine-centers/covid-19/index.html
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Extra slides
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