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Disentangling viral genotypes and their correlation to potential
clinical disease phenotypes is a long-standing problem - made worse
by the different terminologies specific to individual viruses, often
coined by specialists working on those individual viruses. For exam-
ple, HIV ‘genotyping’ traditionally refers to HIV drug resistance test-
ing, whereas hepatitis B and C ‘genotyping’ refer to identifying just
the particular strain of these viruses present in a population, without
reference to any drug resistance mutations.

To confuse things further, viral drug resistance testing can be
based on two types of methodologies and databases - a ‘genotypic’
database where just the presence of well-characterized specific
amino acid mutations can confer drug resistance, but also a ‘pheno-
typic’ database where in vitro viral culture methods are used to assess
the growth capabilities of a specific patient’s virus in the presence of
individual antiviral drugs at different concentrations [1,2]. These can
be combined into mega databases to aid drug resistance interpreta-
tion, such as the Stanford HIV database [https://hivdb.stanford.edu/].

These are examples of specific viral genotypic mutations that
affect treatment outcomes. Let’s refer to these as ‘hard’ genotypic cor-
relates, i.e. if these viral mutations are present, that drug will not
work against that virus, such as some of the mutations found in HIV
[3].

Other types of viral genotypes can impact on vaccine efficacy, i.e.
how well a vaccine-induced immune response will protect against
infection or disease caused by a specific virus. A topical example of
this is the emergence of various SARS-COV-2 variants that can reduce
the efficacy (in clinical trials) and effectiveness (in real-life) of some
of the COVID-19 vaccines currently being rolled out globally. In vitro
(laboratory) studies have shown that the B.1.351/501Y.V2 South Afri-
can variant of SARS-COV-2 reduces the ability of the Pfizer-BioNTech
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and Moderna vaccine-induced antibodies to protect against this vari-
ant, but not entirely. However, there is still some protection offered
by these vaccines against severe disease and death [4,5].

Let’s refer to these as ‘medium’ genotypic correlates, i.e. if these
viral mutations are present it reduces the effect of the vaccine but
does not negate its effect completely. Some drug resistance muta-
tions are similar and will reduce viral replication rather than halt it
completely, such as drug resistance mutations to HIV protease, CMV
DNA polymerase and influenza neuraminidase inhibitors [1,2,6].

Given the above, what would we classify as ‘soft’ genotypic corre-
lates? Here, I would define these as viral mutations that may have an
impact on a particular clinical phenotype, like enhanced transmissi-
bility or severity, but where these correlations are subject to multiple
potential confounders and therefore may not be very robust.

One recent example of this might be the estimates of enhanced
transmissibility and severity of some SARS-COV-2 variants, like the
UK ‘Kent’ B.1.1.7/501Y.V1 [7,8]. These estimates may still be subject
to some potential confounders including, but not limited to, incom-
plete sampling and sampling bias, seasonal factors such as the well-
recognized winter exacerbations of comorbidities, indoor crowding
and the enhanced social contact rates that come with festive celebra-
tions, all of which can enhance viral transmissibility and disease
severity without any intrinsic contribution from any new viral muta-
tions. But whilst these confounders may potentially weaken the cor-
relation, they may not necessarily completely negate it.

It is within this ‘soft’ genotypic correlate context that this multi-
site Singaporean study falls. Young et al. compare the clinical severity
and immune response to different SARS-COV-2 clades, in a patient
dataset collated during the very early part of the COVID-19 pandemic
(January to April 2020). The authors’ main finding was that patients
infected with the L/V clade of SARS-CoV-2 exhibited more severe ill-
ness with an enhanced cytokine response [9].

Their analysis is necessarily highly complex and statistical to take
into account all the clinical and laboratory parameters to explore this
correlation, without falling foul of potential confounding. Unfortu-
nately, due to the time taken to write/submit/review/revise this arti-
cle, their specific findings have become somewhat outdated, as the
epidemiology of SARS-COV-2 has now moved away from the older
19A/B (L/O/V/S) clades and evolved more into 20A/B/C (G/GR/GH)-
related lineages [10].

However, the principle and approach behind this type of analysis
will always be relevant, especially with any new emerging pathogen.
Once this type of ‘geno-to-pheno’ analysis is completed, it may yield
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wider benefits in terms of how future COVID-19 patients are man-
aged. For example, in the acute context of this Singaporean study,
assuming that a rapid bedside test can be eventually developed to
identify exactly with which viral genotype patients have been
infected, this will allow patients to be stratified and managed accord-
ingly, as potentially more or less severe cases of COVID-19, to
improve overall patient outcomes.
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