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COVID19: uncovering interindividual variability for
tailoring appropriate therapeutic interventions

COVID19: a variabilidade individual da resposta imunoinflamatéria
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Article Summary Line: Covid19 severity should account for the diversity of human individual immunoinflammatory
responses with individualized therapeutics for better outcomes.

ABSTRACT

The severity of SARS-CoV2 infection, Covid19 disease, should account for the diversity of human individual immu-
noinflammatory responses. Serum immunological markers during Covid19 illness may lead to individualized thera-
peutics with better outcomes. Efficient treatment for Covid19 may require: 1) early disease detection, 2) combined
drug therapy for 3) targeting the virus replication cycle, and 4) individualized drug treatment for specific immu-
noinflammatory human profile responses administered in a 5) timely manner. Covid19 is unlikely to be the last
emergent human disease with fast pandemic potential. Gathering knowledge on the individual human host profiles
of immunoinflammatory responses is an opportunity that could lead us to understand individual differences in re-
sponse to infection at the individual and population level, paving the way to faster, more efficient strategies to tack-
le upcoming infectious diseases. This is a position paper based on an integrative non-exhaustive literature revision.
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RESUMO

A diversidade das respostas imunoinflamatérias individuais humanas muito provavelmente tem papel na gravidade da
doenga Covid19 causada pela infecgdo pelo virus SARS-CoV2. Marcadores imunoldgicos séricos durante a Covid19 po-
dem guiar a escolha de terapias individualizadas com melhores resultados. O tratamento eficiente para Covid19 pode
exigir: 1) detecgdo precoce da doenga, 2) terapia medicamentosa combinada com alvo ao 3) ciclo de replicagdo do vi-
rus e 4) terapia anti-inflamatdria individualizada para perfis de respostas imunoinflamatdrias humanas, administradas
em tempo habil. E improvavel que a Covid19 seja a ultima doenca humana emergente com potencial de alastramento
veloz pandémico. Reunir conhecimento sobre perfis de respostas imunoinflamatdrias individuais dos hospedeiros
humanos é uma oportunidade impar que pode nos levar a entender as diferencas dessas respostas entre individuos,
abrindo caminho para estratégias terapéuticas mais rapidas e eficientes no combate a futuras epidemias.

Palavras-chave: COVID-19, Sindrome respiratéria aguda grave, Resposta imunoinflamatodria, Modelo iceberg de
doenca, Resultado do tratamento.

We are all different - We are 7.8 billion hu-
mans!. Even though we share 99.9% of our gene-
tic composition in 3 billion DNA base pairs, none of
us are alike. The 0.1% that separates each one of
us humans holds an incredible individual variability
which can be seen in the shapes of our faces, the
color of our eyes, and, among other traits, the way
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we respond to infection. Not only our genetics but
also the way we live, work, eat, exercise, and think
are epigenetic factors that add to our human indi-
viduality. Nonetheless, when we talk about emer-
ging pathogens and the pathogenesis of infectious
diseases, it seems we aim at pathogen variation.
Oddly, we disregard individual human genetics and
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epigenetic variations in response to infection when
we observe human populations and their cohorts
diversely impacted by a given infectious disease.
Unique human host variations to pathogen infec-
tion are likely to lead to different immune respon-
ses, disease phenotypes, and outcomes.

The iceberg. In the early 1960’s John Mur-
ray Last, an Australian doctor, while working as
a postgraduate in the London Hospital, UK, ob-
served what he called ‘subclinical diseases’ and
created the strong metaphorical image of ‘dise-
ase as iceberg’ watching that only a fraction of
patients showed symptoms in a given exposed
population? (Fig. 1) (Last 1963). In the visible tip
part of the iceberg, a few individuals present mo-
derate to severe symptoms, while for some indivi-

duals, in fact, in most of the affected population,
mild or no symptoms prevail (Fig. 1). Data from
the SARS-CoV2 epidemics in Ribeirdo Preto, S&o
Paulo, followed this distribution (Martinez et al.,
2021). Positivity for the virologic test (RT-PCR)
was 0.11% to 2.37% of the human popula-
tion would be cumulatively infected with SARS-
CoV2 by mid-June 2020 (Martinez et al., 2021).
The local COVID-19 fatality rate was estimated to
be 0.37%, or four deaths per 1,000 individuals
infected (Martinez et al., 2021). It seemed that
only 11.78% of SARS-CoV?2 infection cases were
reported to the epidemiological surveillance sys-
tem. This means that, roughly, for every case re-
ported, there were 8.5 asymptomatic or subclini-
cal non-reported patients (Martinez et al., 2021).

Figure 1: Covid19 infections in a given exposed population seen as an iceberg. Some individuals, in fact, the majority of the popu-
lation, present mild symptoms or are asymptomatic. Very few have moderate to severe symptoms. In fact, when analyzing accu-
rate data during the SARS-CoV2 epidemics in Ribeirdo Preto, Sdo Paulo State, Brazil, in 2020, Martinez et al. observed deaths to
occur for 4 in every 1,000 infected individuals (0.4%) with SARS-CoV2 while the ratio symptomatic/ light to moderated symptoms
or asymptomatic was 1:8.5 (Martinez et al., 2021). These actual data match well with our iceberg image metaphor where the
visible part floating on top of the surface would represent 10% of total SARS-CoV2 symptomatic cases with 0.4% deaths at the

tip of the iceberg while most, or approximately 85-90% of low and asymptomatic cases remain invisible underneath the surface.
Individuals refractory to infection are also expected. Source: The Authors after Last, 1963 and Martinez et al., 2021.

A highly individualized response to in-
fection. In 2015, Casanova referred to the human
host response variability on infection as “interin-
dividual variability”3> and we will, in this paper,
call it ‘individuality’. When we analyze numbers

for Covid1l9, the disease caused by the severe
acute respiratory syndrome by number 2 coro-
navirus - SARS-CoV2, the number of severe cases
seem to follow the iceberg model of disease with
the number of deaths on its tip (Fig. 1) (Table 1).
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Table 1
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Percentages of confirmed cases and deaths per country by Covid19 in descending order of % deaths in the total
population for the 30 most-affected countries by January 12, 2021. Sources: 456

% confir- deaths  cases % of
c confirmed med ca-  nhumber per per . conﬁrmed f’/o of deaths
ountry ses who  of - e Population cases in in the total
cases have deaths million million the total population
died people people population
Belgium 665,223 3.02 20,122 845 57398.2 11589623 5.74 0.1736
Italy 2,289,021 3.46 79,203 579 3992.0 60461826 3.79 0.1310
UK 3,127,643 2.62 82,096 631 4493.0 67886011 4.61 0.1209
Peru 1,035,184 3.70 38,280 208 7142.0 32971854 3.14 0.1161
USA 22,620,330 1.66 376,295 357 6454.0 331002651.00 6.83 0.1137
Spain 2,111,782 2.48 52,275 585 5262.0 46754778 4.52 0.1118
France 2,845,030 2.40 68,198 453 2988.0 65273511 4.36 0.1045
Mexico 1,541,633 8.72 134,368 133 11956.9 128932753 1.20 0.1042
Argentina 1,730,921 2.58 44,654 988.0 38298.3 45195774.00 3.83 0.0988
Brazil 8,131,612 2.50 203,580 207 4146.0 212559417 3.83 0.0958
Colombia 1,801,903 2.58 46,451 915.5 35514.1 50737681.00 3.55 0.0916
Chile 645,892 2.66 17,162 184 9654.0 19116201 3.38 0.0898
Poland 1,395,779 2.26 31,593 834.8 36879.9 37846611.00 3.69 0.0835
Netherlands 890,566 1.40 12,512 730.2 51973.9 17134872.00 5.20 0.0730
Iran 1,299,022 4.34 56,360 109 2309.0 83992949 1.55 0.0671
South Africa 1,246,643 2.69 33,579 566.2 21019.6 59308690 2.10 0.0566
Germany 1,947,660 2.15 41,917 107 23246.2 83783942 2.32 0.0500
Ukraine 1,160,243 1.80 20,915 478.2 26529.7 43733762.00 2.65 0.0478
Canada 672,931 2.54 17,096 224 2741.0 37742154 1.78 0.0453
Russia 3,412,390 1.81 61,908 424.2 3669.0 145934462.00 2.34 0.0424
Turkey 2,336,476 0.98 22,981 272.5 27703.4 84339067 2.77 0.0272
Saudi Arabia 363,949 1.73 6,295 180.8 3872.0 34813871 1.05 0.0181
India 10,479,179 1.44 151327.00 109.7 7593.6 1380004385 0.76 0.0110
Indonesia 846,765 2.91 24,645 90.1 3095.8 273523615.00 0.31 0.0090
Pakistan 506,701 2.12 10,717 48.5 2293.9 220892340 0.23 0.0049
Bangladesh 524,020 1.49 7,819 47.5 3181.9 164689383 0.32 0.0047
China 97,001 4.94 4,793 3.3 67.4 1439323776 0.01 0.0003

The number of individuals who have died
from Covid1l9 showed to be 0.17% (Belgium) to
0.0003 (China) in the total population*>¢ (Table 1,
up to January 12, 2021). Positive cases for SARS-
CoV2 (through rapid immunochromatography for
IgM and IgG antibodies and antigens by polymera-
se chain reaction-PCR) (Table 1) can be considered
a proxy of individuals having moderate to severe
symptoms, seeking testing in hospitals and health
care units and being statistically registered. Asymp-
tomatic individuals, even if positive for SARS-CoV2,
would remain unregistered. Active field-testing stu-
dies in 120 cities in Brazil corresponding to 32.7%
of the total Brazilian population (or 68.6 million in-
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dividuals) have demonstrated average percentages
of 3% of infected individuals sometimes completely
asymptomatic (EPICOVID19 - Universidade de Pe-
lotas, June 11, 2020)’. This 3% average of positive
individuals for SARS-CoV2 hides highly variable po-
sitivity numbers for different Brazilian cities. Whi-
le for some Southern Brazilian cities, tests showed
SARS-CoV?2 positivity of around 0.5%, for the Nor-
thern city of Boa Vista, positivity was 25% (data of
June 11, 2020)7. Even though 0.5 to 3% average
seem small, they challenge even the most prepa-
red health systems in any country since Covid19 is
a fast-spreading contagion causing the acute respi-
ratory syndrome, which requires complex treatment
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involving intensive care units, ventilators, and other
special equipment, high use of disposable consu-
mables and highly skilled personnel. Some patients
require intensive care for weeks, and approximately
1 to 16% of those symptomatic individuals will not
recover* (Table 1).

Highly variable individual immunoin-
flammatory responses. When we look retros-
pectively at a newly emerging pathogen such as
SARS-CoV2, individual exacerbated immunoin-
flammatory responses, in an attempt to overcome
the pathogen invasion, seem to be linked to the
most symptomatic and severe Covidl9 cases®®.
These immunoinflammatory responses are likely
to vary in individual fashion during Covid19 time
progression and are strongly linked to disease
outcomes. As for other diseases, age, hyperten-
sion, diabetes, obesity, immunosuppression, and
chronic illnesses are considered risk factors for the
development of severe Covid19:%!!, Nonetheless,
severe presentation for Covid19 has also been ob-
served in healthy individuals. Therefore, comorbi-
dities and risk groups alone cannot entirely explain

severe Covid19 clinic presentation segmentation in
a given populationt2. The involvement of geneti-
cally linked immunoinflammatory individual profi-
les is likely to add to Covid19 severity!3.

Out of control. The storm. Severe Co-
vid19 cases present a ‘cytokine storm’. Cytokines
are molecules regulating inflammatory response,
B-cell differentiation, and antibody production.
The term ‘cytokine storm’ was first used in 1993
on a paper on graft-versus-host disease!*. The cy-
tokine storm phenomenon was previously applied
for the avian H5N1 influenza virus, cytomegalo-
virus, Epstein-Barr virus-associated hemophago-
cytic lymphohistiocytosis, group A streptococcus,
smallpox virus, and for the previous severe acute
respiratory syndrome coronavirus (SARS-CoV)?>.
Unregulated immunoinflammation is also a central
pathological process in several infectious diseases
such as hemorrhagic dengue!® and severe mala-
ria’. Cytokine storm was revived for Covid19 sin-
ce its striking immunoinflammatory cellular and
molecular processes seem to be strongly linked
with death outcomes (Fig. 2).

Figure 2: The Covid19 storm. The x-axis is time in days, and the y-axis is the amount of immunoinflammatory response by the
host, normal in yellow and abnormal in light gray. Red arrows represent possible times for drug intervention: a) early (possibly

using antivirals), b) symptomatic (probably using anti-inflammatory drugs), and c) storm (probably using MAbs and corticoste-

roids). See the text for the explanation on the suggested times. Source: The Authors.
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When compared with mild Covid19 cases,
severe Covidl9 cases have exhibited increased
plasma levels of cytokine molecules related to in-
flammation, such as IL2, IL6, IL7, IL10, GSCEF,
IP10, MCP1, MIP1A, and TNFa, indicating unre-
gulated immunoinflammation is also a pathologi-
cal process for serious Covid19181°, Patient data
suggest that excessive cytokine release, the so-
called cytokine storm induced by SARS-CoV-2 in-
fection, is related to Covid19 pathogenesis, such
as lung tissue injury?® and other tissue injuries
like heart and kidney?22,

Suggested intervention points for the-
rapeutics. Studies have shown that the median
time from symptoms onset to hospital discharge for
those patients needing hospitalization was 22 days
(interquartile range-IQR 18-25), while the median
time to death was 18.5 days (IQR 15-22)?2. The on-
set of inflammation for Covid19 happened around
the 7th day after symptoms started?:?2 and coin-
cided with dyspnea. Thus, a plausible first inter-
vention point would be at day 5 before inflamma-
tion escalates and a cytokine storm is established
(point a in Fig. 2). Sepsis and acute respiratory
distress syndrome-ARDS were observed on days
9 and 10, respectively?22 which would suggest
a second intervention point around the 10th day
after the onset of symptoms (point b in Fig. 2).
Acute heart and kidney injuries were registered on
day 152422, Therefore, a third intervention point
and a third line of therapeutics should be consi-
dered on day 15 (point c in Fig. 2). Symptomatic
Covid19 after day 15 is of poor prognosis?!.

Genetically-linked immunoinflammatory
individual profiles. Multiple host genes ought to
be involved in Covid19 physiopathology!?® and immu-
noinflammatory profiles. Immunoinflammatory data
such as serum levels of d-dimer, high-sensitivity car-
diac troponin I, serum ferritin, lactate dehydrogena-
se, and interleukin-6 (IL-6)?> might enable separate
individuals into groups, take this knowledge to clini-
cs, and maximize its use in therapeutics.

Proposing immunoinflammatory pro-
files for covid19 cases. Rationale-based clini-
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cal therapeutic strategies can be built for groups
of patients at a higher risk of pathological in-
flammation driving Covid19 severe pathological
presentations®. Three major human immune pro-
file groups for Covid19 can be suggested, which
can be applied to other cytokine storm prone-
diseases: 1) individuals who probably will not
develop a cytokine storm, 2) those who poten-
tially will make a storm, and 3) those who will
most likely make a storm. These three major
immune profile groups could be separated on:
1) nucleocytes/ monocytes ratio (8), 2) IL-6
levels, and 3) immunoinflammatory factors’ le-
vels, e.g., tumor necrosis factor (TNF-a), inter-
feron-gamma (IFN-c), tumor growth factor-beta
(TGF-b), and interleukins such as IL-10, IL-2,
IL-4, and IL-5%1622, More specific laboratory in-
dicators of factors present in the blood serum
will help better outcome predictions using fast,
practical screening, and specific therapeutical
approaches. If we could know more about the
specific immune and inflammatory responses of
each individual, we would be in a better posi-
tion to understand real risk groups and provide
better therapeutics. Possible suitable times for
drug intervention in Covid19 are represented by
red arrows in Figure 2: point a) early (probably
using antivirals), point b) symptomatic (probably
using anti-inflammatory drugs), and point c) du-
ring the storm (probably using MAbs and corti-
costeroids) (Fig. 2).

Concluding thoughts. This is a time to le-
arn. SARS-CoV-2 is an emerging infectious dise-
ase, a high contagion, easily transmitted by air
and fomites. The severity of some Covid19 cases
requires hospitalization with complex, expensive
intensive care treatments. Spilling over sylvatic
cycles (Fig. 3), Covid19 is unlikely to be the last
emergent human infectious disease. If we knew
more about Covidl9 individual immune and in-
flammatory responses, we would be in a better
position to talk about risk groups. This unders-
tanding will also provide opportunities for highly
focused individual-centered therapeutics.
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Figure 3: Simplified representation of SARS-CoV-2 spilling over its natural cycle among bats to reach humans. Source:

The Authors.

Take-home message. To gather know-
ledge on individual human host immune and in-
flammatory profiles and responses to infectious
diseases using Covid19 as a model is an oppor-
tunity to learn that could lead to faster, more
efficient ways to tackle ever-challenging human
emerging diseases.
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