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Disclosures

• Site PI for PINETREE Study (Gilead Sciences, Funds to 
Institution)



Rationale
Identification of patient profiles with persistent risk of 
severe COVID-19  despite vaccination remains an 
important clinical question

• Risk profiles can be used to target different mitigation 
strategies (e.g., repeated boosting campaigns, early 
treatment) to those who remain at high risk of severe 
disease

• Identification of risk factors the first step toward 
developing decision support tools to inform clinical 
practice



Methods: 

Risk Factors 
for Severe 
Breakthrough 
Infections

• Cohort Inclusion: 
• Nationwide, retrospective cohort of all Veterans 

who received the primary COVID-19 vaccination 
series and who subsequently developed 
microbiologically-confirmed SARS-COV-2

• Outcomes: 
• Non-severe: Outpatients or inpatients with mild 

disease
• Severe: Inpatients with moderate to severe 

disease defined by SpO2 and/or receipt of 
supplemental oxygen and/or dexamethasone, 
ICU patients, patients who died within 30 days of 
COVID-19 diagnosis

• Exposures: 
• Demographics, comorbidities, administration of 

immunocompromising medications, vaccine-
related variables

• Study period:  12/15/2020-2/28/2022
• Analysis: Logistic Regression



Number of Severe Hospitalizations 
Depends Upon Definition Selected



Cohort Creation and Outcomes



Risk Factors 
for Severe 
Breakthrough 
Infection

• The strongest association with severe disease after 
vaccination was age

• Age ≥ 50 with an adjusted odds ratio (aOR) 1.42 (CI 
1.40 - 1.44) per 5-year increase

• Age ≥ 80 had aOR 16.1 (CI 13.1 – 19.9) relative to 
patients aged 45-50.

• Immunocompromising conditions were also associated 
with increased risk of severe disease

• Immunosuppressive medications: aORs 1.66–2.80
• Cytotoxic chemotherapy: aOR 2.71, CI 2.27–3.24 at the 

time of exposure 
• Leukemias/lymphomas: aOR 1.87, CI 1.61–2.17 

• Chronic conditions associated with end-organ disease
• Heart failure: aOR 1.74, CI 1.61-1.88
• Dementia: aOR 2.01, CI 1.83-2.20
• Chronic kidney disease: aOR 1.59, CI 1.49-1.69 

• Receipt of an additional (booster) dose of vaccine
• aOR 0.50 



Demographic and Vaccine-Related Risk 
Factors

Increased Odds of Severe Disease



Comorbidities Associated with Increased Risk

Increased Odds of Severe Disease



Impact of Time Since 
Last Dose and 

Immunosuppression

Increased Odds of Severe Disease



Vaccine and Booster Availability: Timeline

12/2020:
First doses 
available to 

high-risk 
patients

4/2021: 
First doses 
available to 

adults

8/2021: 
Boosters 

available to 
high-risk 
patients

9/2021:
Boosters 

available to 
healthcare 

workers

11/2021: 
Boosters 

available to 
all adults



Time Since Last Vaccine Dose, Stratified 
by Time-Since Eligibility and Boosting
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Future Directions
• Use machine learning model to 

develop patient and provider-
focused web-based application 
that can provide individualized 
risk assessment

• Will also include impacts of 
interventions (E.g., medication) on 
likely outcomes

• Automation of pipeline to collect 
new data and continuously train 
prediction model

• Continue to develop and refine 
prediction models as new 
COVID-19 variants and data 
emerge

COVID-19 
Manage me nt: 

A Real-Time 
Learning 

Healthcare  
System

Identify Risk 
Factors for 

Severe 
Disease

Develop Tools 
to 

‘Personalize’ 
Management

Re-evaluate 
Clinical 

Outcomes 
Based on 
New Data

Update 
Prediction 

Tools based 
on New and 
Emerging 

Data



Conclusions
• Identification of those who remain at high risk of severe COVID-

19 despite vaccination remains an important question for 
informing outreach efforts and policy responses.

• Age remains the primary risk factor for severe disease, even in the era 
of wide-spread availability of vaccination.

• Receipt of immunocompromising medications are also associated with 
an increased risk, of a magnitude similar to a 5-10 year increase in 
age.

• Appropriate adjustment for indication for early vaccination is 
important when evaluating waning immunity against severe 
disease.

• Findings will be used to create a clinical decision support tool.
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