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Why consider genetics in 
the study of infectious 

disease?



If we can understand why people have different 
outcomes---we will better understand the immune 
response and eventually exploit this understanding 
for therapeutics and vaccines.

Our goals…are still to better understand disease so 
we can prevent and treat.
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Infectious Disease is a perfect example of a complex trait 
• Environmental Exposure: Exposure to a pathogen 

is critical.
• Redundancy and Complexity of the immune 

system suggest multiple genes may be involved 
in immune response.
• The pathogen (virus, bacteria, parasite) may also 

have genetic factors that are important.
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Infectious 
Disease: A 
complex 
trait?



• Disease Heterogeneity 
• Not explained by other risk factors (sex, age, comorbidities)

• Familial aggregation 
• Hard to assess with infectious diseases because of transmission

• Pathogen Dose and Environment not major players

Things we look for to see if genetics 
might be playing a role…



• We learn from our mistakes… 
• 1926, Lubeck Germany
• 249 babies injected with the same live dose of virulent M. 

tuberculosis instead of BCG. 
• Babies too young to have significant prior exposure to 

mycobacteria, and not previously vaccinated to BCG. 
• All got the same strain, same dose.

76 babies died, 173 babies survived
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3. Controlling Dose/Pathogen



Driven by 2 main questions

Do you get 
infected? 

Do you get 
disease? 



What 
makes 
infectious 
diseases 
different? 

EXPOSURE



Epidemiology and COVID-19



Typical Presentations of COVID-19 for a 
disease that doesn’t seem so typical…

Asymptomatic Mild Infections

Hospitalized Infections. 
Disease progression 
with ICU monitoring 
and multiple organ 
manifestations

Multi-inflammatory 
Syndrome

Children and Adults
Post Acute Symptoms 
"Long Haulers" A LOT OF HETEROGENEITY



Asymptomatics & 
Mild Infections
• Asymptomatic individuals have longer 

duration of viral shedding
• Asymptomatic individuals have weaker 

immune response
• Some asymptomatic individuals have 

organ involvement but with no 
symptoms (see lungs)

• Mild infections report fatigue, 
shortness of breath 3 months post 
infection

• No free pass. Infection across the 
severity spectrum associated with 
organ involvement and potentially 
long term sequelae. 



Risk Factors for Severe Disease

Older Age Male Sex Comorbidities



And 
yet…

Older people (even 102 
years of age) recover 

Younger people require 
mechanical ventilation 
and even die with no 

comorbidities. 

Race appears to be a 
risk factor—but as a 
social risk factor not 

biologic

Viral genetics does not 
seem to play a role in 

severity of disease, yet.

So is there a place for host genetics? 



Do you get infected (susceptibility)?
• This requires detailed information on the population under study
• We need to know the non-infected were exposed, and yet still did not 

get infected

Study Design
• Focus is typically on highly exposed individuals where you can 

document or infer that individuals were exposed

• Health Care Workers/First Responders
• Household members of known cases
• Intensely followed cohorts (like withSTD/HIV high risk individuals)



Do you get disease (severity)?

• This is about the heterogeneity in disease. 

Study Design

• We select cases and controls from among individuals who ALL have the 
infection
• asymptomatic to severe/death 
• sample on distribution or extremes

• Otherwise, you are comparing a severe case to someone who may have 
never had the opportunity to become a severe case. 



Types of suitable genetic studies based 
on underlying hypothesis..
• Rare Disease
• Family based or multiple affecteds with rare outcomes and 

exome/WGS

• Common Disease
• population based GWAS or exome sequencing



Date of download:  10/21/2020 Copyright 2020 American Medical Association. 
All Rights Reserved.

From: Presence of Genetic Variants Among Young Men With Severe COVID-19
JAMA. 2020;324(7):663-673. doi:10.1001/jama.2020.13719

Identification of TLR7 Variants in 4 Patients From 2 Families With Severe Coronavirus Disease 2019 (COVID-19) Patients II-1 and II-2 from family 1 lived in separate 
households, patients II-1 and II-2 from family 2 were housed together. Circles represent female family members; squares, males. A slash symbol represents a deceased 
individual. Panel B shows the TLR7 variants in each family at the gene and protein level in a schematic representation. The TLR7 protein structure is shown with leucine-rich 
repeat region (LRR), N- and C-termini (LRR-NT, LRR-CT) and the toll-interleukin receptor (TIR) homology domain. The exon-intron structure depicts the coding exon 3 of 
TLR7 with the identified variants by exome sequencing and Sanger sequencing validation as shown in the highlighted sections below. Red boxes depict positions of the 
variants ChrX(GRCh37):g.12905756_12905759del and ChrX(GRCh37):g.12906010G>T). NA indicates not assessed.
aAt the time of evaluation, testing for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was not routinely performed.



Testing the hypothesis that severe COVID-19 maybe due to 
monogenic inborn errors of immunity to SARS_CoV-2 with 
complete/incomplete penetrance

• Enrolled 659 Patients (74.5% men), different ancestries between 
the ages of 1 month-99 years (median 52 years), plus 534 COVID-
19 mild/asymptomatic controls. 

• Sequenced their whole genome n=364 or exome n=295

• Hyp = variants at 13 loci (immune related and previously 
implicated in influenza severity) may be responsible for outcome. 

• Identified 4 unrelated patients with LOF allelic variants of IRF7 or 
IFNAR1. Further tested overexpression of these genes and 
identified 8 genes with deleterious mutations

• None of the cases carried the same LOF, but a LOF in the 
pathway of genes. 

• Functional evidence to support this pathway. 



Genome Wide Association Studies and COVID-19

• Ellinghaus, NEJM
• Baillie, Nature
• 23&Me, under review
• https://www.medrxiv.org/content/10.1101/2020.09.04.20188318v1.full.pdf

• Ancestry.com, under review
• https://www.medrxiv.org/content/10.1101/2020.10.06.20205864v1



Cases: Hospitalized COVID+ * (n=835 Italy/ 775 Spain)
Controls: Population based blood donors or health volunteers 
(1255 Italy/950 Spain)

*no information on comorbidities or treatment





Very Severe Respiratory COVID-19+ vs Not Hospitalized COVID-19

Very Severe COVID-19 vs Population Controls

Hospitalized COVID vs Not Hospitalized COVID

Hospitalized COVID vs Population Controls



Summary: GWAS and COVID-19
• Interesting findings. Especially, chromosome 3 gene cluster that has been replicated using population 

controls. 

• But, what does it all mean? Comparing cases to population controls? Without accounting for exposure, 
and often co-morbidities. It’s a gene for something, but for COVID-19 severity?

• And COVID-19 susceptibility…comparing COVID+ to COVID- with no epidemiologic follow up is not ok. 
The ABO locus finding needs to be considered in this light. 

• Nearly all European ancestry focused studies. The virus is not focused on one ancestry and yet all the 
research is…

• What we need: 
• Diverse and representative samples to really disentangle what is happening. 
• Understanding who is testing positive and WHY. Social and structural issues are at play in terms of risk and not addressed. 

Even education emerges in the correlation analyses, but not addressed. 



What are we 
doing at Johns 

Hopkins? 

JHH and Affiliated 
Hospitalized Patients

JHH and Affiliated 
Ambulatory Patients

Genotyping at CIDR

Main goals: 
1. increase diversity of population sampled
2. Severity of infection in light of comorbidities and exposure
3. Cytokine response
4. Antibody response
5. Long Term outcomes



COVID-19. 
What should 
we look at?

We need to 
be driven by 
the question. 

Rare cases of particular outcomes (MIS-C, MIS-A,  clotting, kidney damage)

What makes these individuals different?

Associations with cytokines, inflammatory markers. 

Can we identify early associations with biomarkers? 

Associations with viral pathogen.

Is there host-pathogen interaction? 

Pharmacogenetics for clinical trials. 

Does host genetics alter clinical trial meds? 

Associations with humoral and T cell immunity?

Does genetics influence the antibody or T cell response to infection or 
reinfection?

Linking genetics with genomics. 

Evaluating genetics, epigenetic, transcriptomics and others to tell a more 
complete story



In Sum: 

We need to 
know who 
was exposed

Need careful and comprehensive 
characterization of infection and disease.

CONTROLS matter. If you call someone 
uninfected you need to know they were 
exposed & still uninfected. 

EXISTING RESOURCES: Biobanks, existing 
case-control studies and cohorts often 
cannot be used without additional efforts. 
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