Is COVID-19 disease severity correlated with initial viral exposure / inoculation dose?
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UC San Diego. For more information about the project, please visit http://earth2-covid.ucsd.edu

Key findings:

e There does not appear to be published data on the direct correlation between the initial
inoculating dose (“dose dependent”) of SARS-CoV-2 and severity of symptoms. The
scant number of studies addressing a possible correlation between viral load (VL) and
symptom severity in COVID-19 are conflicting.

e Some evidence exists for a positive correlation between viral load and symptom severity
in MERS and SARS; there is conflicting data on whether this correlation is also present
for COVID-19.

e Studies on MERS and SARS support the notion that viral load is a good proxy for initial
inoculating dose, but this has not yet been observed in COVID-19.

e We are not aware of any published data or other documentation on the relative severity
of COVID-19 symptoms experienced by healthcare workers and caregivers of individuals
with COVID-19. While indirect evidence suggests that healthcare workers and
caregivers of individuals with COVID-19 may be at risk for disproportionately severe
cases of COVID-19, due to likely exposure to a relatively high initial inoculating dose of
SARS-CoV-2, it remains unclear whether that is the case.

Related topics: Viral shedding

Summary of information:
No direct data for “dose-dependent” severity for COVID-19, but there is some data that supports
correlation between viral load (VL) and symptom severity in COVID-19:

- Serial VL comparison of patients with mild vs severe symptoms in China. More severe
patients had higher viral loads. Study clearly defined “mild” vs “severe” and longitudinal
data is a plus to follow “mild” patients and ensure they don’t develop severe disease
later.”

- Viral load study of symptomatic and (at the time of study) asymptomatic patients in
Lombardy: No difference in VL between symptomatic and asymptomatic patients
(unclear whether asymptomatic patients went on to develop disease).?

- Serial viral load testing in Hong Kong did not demonstrate a correlation between viral
load and severity of symptoms, but interestingly found that higher viral load correlated
with older age® (This raises the question of whether viral load is a good proxy for initial
inoculating dose. See below.)
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- Serial viral load testing in 18 patients that required ICU care and their contacts (with and
without symptoms) showed no difference in VL dynamics between the patients, but did
not look at age.*

There is better evidence for a positive correlation of viral load and symptom severity in MERS
and SARS, including one study that adjusted for age and comorbid conditions®:
- Serial tracheal aspirate/sputum and nasopharyngeal viral load correlated with severe
symptoms in the MERS outbreak in South Korea®
- Aretrospective study of SARS patients with higher VL correlated to worse symptoms.
The study also looked at specific symptoms and site-specific viral load (ie higher viral
load in feces correlates with more Gl symptoms, and higher viral load in urine correlated
with urinary symptoms.)®
- Higher VL was correlated with more severe disease for patients hospitalized with MERS
in Saudi Arabia. Interestingly, this holds even when adjusted for age and comorbid
conditions.”

Regarding the issue of whether viral load is a good proxy for initial inoculating dose; it appears
that in well-controlled conditions viral load is a good proxy, as shown in mice for both MERS and
SARS.®

A report from the SARS outbreak in Hong Kong tracked viral load as a function of geographic
distance from an index case in a dense highrise complex. They found viral load to be correlated
with how far away residents lived from the index case. It was hypothesized that the virus spread
via air currents, common plumbing systems, and/or fomites. This report suggests that viral load
is correlated to initial infectious dose - i.e. those who were farther away geographically were
exposed to a lower initial dose - but this was not proved.®
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