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Background: Disease severity in COVID-19 ranges from asymptomatic infection to severe
disease and death, especially in older subjects. The risk for severe infection and death has
been reported to be 2X in those between 30 and 40 years, 3X in those between 40 and 50
years, and 4X in those between 50 and 65 years, compared to the reference group of 18-29
years.

Objective: To investigate the early changes in host immune responses that are altered with
age and the difference in the early host inflammatory response that dictates a symptomatic
versus asymptomatic course of COVID-19.

Patients and Methods: COVID-19 subjects were identified by screening at the airport
upon arrival from a foreign destination to China. Patients were either asymptomatic or had
a mild disease when the first oro-pharyngeal (OP) swab samples were collected. Patients
were quarantined and blood and throat swabs were collected during the course of the disease,
allowing identification of the earliest host response to COVID-19. These patients were
followed until their OP sample turned COVID-19 negative.

Results: Data were obtained from 126 PCR-confirmed COVID-19 patients. The blood
samples were obtained within 48 days of qPCR confirmation of viral infection. Older
subjects (>30 years) had significantly elevated levels of anti-inflammatory cytokine IL-10,
a significant decrease in the percentage of CD8+ T cells, and expansion in NKT cell fraction.
This was associated with significantly elevated viral load and a delayed humoral response in
older subjects. Compared to symptomatic subjects, asymptomatic patients had an early
increase in pro-inflammatory cytokine IL-2, while a decrease in both T regulatory cells
and anti-inflammatory cytokine IL-10. Further, asymptomatic disease was associated with
early humoral response and faster viral clearance.

Conclusion: Early inflammatory response potentially plays a critical role for host-defense in
COVID-19. The impaired early inflammatory response was associated with older age while
a robust early inflammation was associated with asymptomatic disease.

Keywords: COVID-19, SARS-CoV-2, early inflammation, asymptomatic patient, elder
patient

Introduction

COVID-19 pandemic has infected approximately 114 million people with deaths of
over 2.5 million people worldwide.! COVID-19 has especially affected older
individuals where the majority of morbidity and mortality were observed in indi-
viduals with advanced age,” while on the other end of the age spectrum, children
are largely protected from severe disease. As per the Centers for Disease Control
(CDC), the risk of hospitalization and death by COVID-19 is 2X higher in the age
group of 30-39 years, 3X times higher in the age group of 40—49 years, and 4X
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times higher in the age group of 50-64 years when com-
pared to the age group of 18-29 years.” Currently, it
remains unclear what drives the increased susceptibility
to the COVID-19 in patients with older age. Many factors
such as cytokine storm,*’ impaired T cell function,®
coagulopathy,”®* and metabolic disruption® have been asso-
ciated with the disease. However, these conclusions are
mostly derived from comparing different disease severity,
ie mild vs severe disease, where younger people are highly
presented in the mild group while the older population
presents the majority of the severe patients. It remains
unclear if these differences are rather a consequence of
in COVID-19.

A multitude of factors, such as existing of multiple co-

the disease severity or the cause,
morbidities, may contribute to the excessive morbidity and
mortality in patients with advanced age. However, it is
difficult to distinguish age-related changes independent of
co-existing morbidities, especially in those older than 65
years where multiple co-morbidities are often present.

The role of inflammation and inflammatory cytokines
in mediating the pathogenesis of COVID-19 remains con-
troversial. While some studies have reported cytokine
storm as a potential cause of death in COVID-19,'° other
studies have shown a lack of elevation of many inflamma-
tory cytokines, even in most critical patients from the
baseline.'" Further, it remains unclear how subjects that
are at the elevated risk of disease have their initial inflam-
matory response to COVID-19 that may determine the
overall disease course.

Another interesting aspect of the COVID-19 biology
that remains incompletely understood is the range of clin-
ical presentation ranging from asymptomatic infection to
severe disease and death. Whether the initial immune
response is different between those who develop symp-
toms and those who remain asymptomatic remains to be
known.

In this study, we used early samples from a unique
population of relatively healthy patients who were
screened at the airport upon arrival from a foreign country
to China and were mostly asymptomatic or had a mild
disease at the time of screening. Many of these patients
remained asymptomatic while others developed symptoms
that were classified as mild/moderate during the disease
course. Using these samples, we retrospectively asked two
specific questions: 1. Whether early inflammatory or
immune response is different between those at higher
risk for COVID-19 (>30 years)? and 2. Whether

asymptomatic subjects have a differential early immune
response compared to those who eventually develop
symptoms?

Our data reveal that older subjects (as defined by >30
years) have increased levels of anti-inflammatory cytokine
IL-10, along with the high fraction of NKT cells, while
a lower percentage of CD8+ T cells. These early changes
translated into a delayed onset on antibody response mea-
sured as both IgG and IgM response and increased viral
loads in older patients. Analysis of symptomatic and asymp-
tomatic subjects revealed that patients who failed to develop
a robust early inflammatory response measured as pro-
inflammatory cytokines or had elevated levels of regulatory
T cells had delayed antibody response and eventually devel-
oped disease symptoms. These data provide novel insight
into the initial age-dependent host response and factors that
contribute to the symptom onset in COVID-19.

Methods

Source of the Data

Data were retrospectively obtained from 126 patients
admitted at Guangzhou Eighth People’s Hospital from
March 15, 2020, to April 26, 2020, upon their arrival
from a foreign destination to Guangzhou, China. The
viral qPCR was performed in the hospital laboratory
where the presence of SARS-CoV-2 was confirmed during
their admission and the viral tests were performed every
other day during their stay in the hospital. All the patients
were discharged from the hospital once their symptoms
were resolved and they had two consecutive negative viral
gPCR on samples collected at least 24 hours apart.

Case Definitions

All the patients in this study were confirmed to have
SARS-CoV-2 viral infection, detected by viral qPCR
assay. The disease severity was classified as severe and
non-severe based on the clinical parameters as described
before.'” Data were obtained as part of standard clinical
care. This study was approved by the ethics committee of
Guangzhou Eighth People’s Hospital and written consent
was obtained from each of the study participants. Patients
were divided into two groups based on their age. The
young group included patients younger than 30 years
which pose a relatively low risk of hospitalization and
death due to COVID-19. The second group included
older patients which included patients with an age of 30
years or older representing a high-risk group.
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Laboratory Tests

Routine measurements and laboratory tests were per-
formed in the hospital, including markers of inflammation,
such as cytokines, cell differentials, and IgM/IgG antibody
tests as described below:

Serum Collection

The whole blood was centrifuged at 3000 rpm for 10
minutes at 4°C. The serum was harvested and subjected
to subsequent analysis.

Measurement of Serum Cytokines

The serum cytokines were quantified using the Human
Th1/Th2 Cytokine Kit (Guangzhou WeimiBio-Tech,
China) following the manufacturer’s manual. This kit con-
tains six distinct microspheres packaged with 1L-2, 1L-4,
IL-6, IL-10, TNFa and INFg
Microspheres precoated with specific antibodies were

specific antibodies.

mixed with the samples or standards provided with the
kit and the fluorescent-labeled antibodies are added to the
mixture. The levels of cytokines were determined by plug-
ging the sample intensity with the predefined standards.

Flow Cytometry

To quantify the lymphocytes and T cell subsets, flow
cytometry was performed using BD Multitest 6-Color
TBNK Reagent kit. 100 pL of whole blood from patients
was incubated in 900 uL of Tris-NH4Cl buffer at room
temperature for 5 minutes to lyse erythrocytes. Then, the
samples were washed twice with phosphate-buffered sal-
ine (PBS) and incubated with the antibodies in the kit
following the manufacturer’s manual. All samples were
tested within 6 hours of being obtained. The gating strat-
egy is defined in Supplementary Figure 1. T cells were
defined by CD3+, which were either CD4 or CD8+.
B cells were defined as CD3- and CD19 + ve. CD16+
and CD56+ cells were defined as NK cells and the pre-
sence of CD3 along these markers defined NKT cells.

Antibody Testing

Antibody testing was performed using a diagnostic Kit for
IgM/IgG antibody to coronavirus (SARS-Cov-2) Lateral
Flow (Livzon, Zhuhai, China, http://www.livzondiagnos

tics.com/en-us/info/17.html) according to the manufacturer’s

protocol. The results were obtained as positive or negative.

Clinical Baseline Standards

Baseline levels of cytokine were determined as per clinical
standards (Ref) are as follows: IL-6<19.6pg/mL,
TNFa<4.9 pg/mL, IL-10<6.4pg/mL, IL-2<11pg/mL, IL-
4<12.1pg/mL.

Statistical Analysis

Data were analyzed from 126 patients. The data between the
two groups were compared using the chi-square test (for
trend) or Fisher’s exact test for categorical variables or
Student’s t-test for continuous variables. The relationship
between variables was analyzed by linear regression. P<0.05
was considered statistically significant. Data were analyzed
using GraphPad Prism (version 8.4.2) and Stata/PM 16.1.

Results

Patient Population

The basic characteristics of patients are depicted in Table 1.
These patients arrived from a foreign destination to
Guangzhou Baiyun International Airport, China between
March 15, 2020, and April 26, 2020, and were screened for
COVID-19 in Guangzhou Eighth People’s Hospital upon
their arrival. Most of these patients were asymptomatic at
the time of their testing and largely remained mild/moderate
disease with only 7 of 126 patients falling in the severe
category during the course of the disease where all but one
of the severe patients were in the older age group (=30 years).

Increased Levels of Anti-Inflammatory
Cytokines in the Older Patients

Inflammatory response has been associated with the disease
severity in COVID-19, however, the data
inconsistent.'*'* Some of the studies have shown that the

remains

upregulation of certain cytokines in the severe disease, while
other cytokines, such as tumor necrosis factor a, IL-1, and
IL-12p70, are not elevated from the normal range even in the
' Also, the kinetics of cytokine
response remains critically important as an early cytokine

most severe patients.'

response may be essential to promote the viral clearance and
early resolution of inflammation. Here we found that at
presentation, cytokine levels including IL-2, 1L-4, IL-6,
TNFa, and IFNy did not change with age, where only IL-6
showed a trend towards an increase in older subjects, how-
ever, it did not reach statistical significance (Figure 1A-F).
In contrast, the levels of anti-inflammatory cytokine IL-10
were significantly elevated in the older population compared
to young patients. We also evaluated whether this elevation
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Table | Demographics and Clinical Characteristics of the Patient Population

Total Patients Tested in Each Group < 30ys > 30ys p value

Age 55/71 21.45+4.28 40.76+8.55 <0.00 | ##*
Gender-male 55/71 27 (49.09) 19 (26.76) 0.0149*
Severe patients 55/71 1 (1.82) 6 (8.45) 0.1358
Shedding duration 38/44 10.5246.28 12.5£9.95 0.2953
Comorbidities

Hypertension 55/71 0 (0) 3 (423) 0.2562

Hypercholesteremia 55/71 2 (3.64) 2 (2.82) >0.9999

Hyperlipemia 55/71 2 (3.64) 6 (8.45) 0.4642

Hyperuricemia 55/71 2 (3.64) 7 (9.86) 0.2969
Antibody positivity

IgM 53/63 23 (43.40) 31 (49.21) 0.5782

1gG 53/63 32 (60.38) 36 (57.14) 0.8501

Notes: Characteristics of the patients are represented as mean * SD, n (%) between two groups. P-value was calculated by Student’s t-test or Fisher’s exact test as

appropriate. *P < 0.05, ***P < 0.001 as compared with that in controls.

was mainly contributed by a smaller number of patients who
developed severe disease. The elevated trend in IL-10
became even stronger after the removal of severe patients
(P = 0.0093), while the trend in IL-6 was diminished after
the removal of severe patients (Supplementary Table 1).

These data suggest that early response to COVID-19 in
older patients is marked by elevated anti-inflammatory cyto-
kine response, which may indicate an impaired early host
response to the virus.

Altered Peripheral Cellular Composition
in Older Subjects

Next, we sought to determine whether there are age-
associated changes in the cellular composition in
COVID-19 patients. Lymphocytopenia is almost univer-
sally reported as a marker of the disease severity in
COVID-19, where both the depletion of CD4+ and CD8
+ cells are reported and associated with the disease
severity.'>'® At the same time, high neutrophil or mono-
cytes counts are reported in severe cases.'” '* Here we
first investigated whether there are any changes in the
cellular composition of peripheral blood in an age-
dependent manner in the COVID-19 patient population at
earlier time points. Our data revealed that there are no age-
dependent differences in total WBC counts, neutrophils,
lymphocytes, or eosinophils among the two patient groups
(Figure 2B—F). However, an elevation in the RBC (Figure
2A) and monocyte counts (Figure 2E) was observed in the

older population, compared to the younger patients. In the

lymphocytic compartment, no difference was observed in
total lymphocyte counts between young and older subjects,
including in T cells, B cells, or NK cells (Figure 2G, H, J,
K, M and N). However, a significant increase was
observed in the NKT cell population (Figure 2I) while
a decrease was noted in the CD8+ T cell percentage
(Figure 2L). Similar trends were observed in absolute
cell counts for

the majority of cell populations

(Supplementary Figure 2). These data suggest that while

lymphocytopenia may be a marker of disease severity in
COVID-19 and an outcome of severe disease, an early
decrease in CD8+ T cells in older subjects may be
a contributing factor to the disease severity.

Impaired Humoral Response and Viral

Clearance in Older Patients

Next, we wanted to understand whether altered cellular
composition affects the host’s ability to mount a humoral
response. We measured the duration of onset of IgM and
IgG antibodies in these patients. Our data reveal that both
the IgM and IgG onsets were delayed in the older subjects
compared to the young patients (Figure 3A and B). As the
humoral response is a critical host antiviral response, we
measured the viral load between these two groups.

We measured the viral load in nasopharyngeal cavities
by qPCR of either ORF1 or N gene of SARS-CoV-2. We
analyzed the Ct values of these patients at the presentation
(Figure 3C and E) as well as when Ct values were lowest
(highest viral load) during the course of their disease
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Abbreviation: NS, not significant.

(Figure 3D and F). Our data show a significant increase in
the viral load in older patients when measured at the
presentation or at the time of the highest viral load in
these patients using the ORF-1 gene. Similar trends were
observed in the N gene. However, no differences were
observed in the duration of viral persistence between the
two groups (Figure 3G). To assess whether the onset of
antibodies was related to viral persistence, we investigated
a correlation between the duration of viral persistence and
the duration of antibody onset. Our data show that viral
persistence was positively correlated with both the IgM
(Figure 3H) and IgG (Figure 3I) onset time, suggesting
that a delayed humoral response may contribute to viral
persistence. These data suggest that even in the absence of
any severe disease, age-associated changes in the host
defense are sufficient to impair the viral clearance in
COVID-19.

A Robust Inflammatory Response is

Associated with Asymptomatic Infection

Finally, we decided to determine if there was a difference
in cytokine levels or peripheral cellular immune composi-
tion at the earliest samples in patients who remained
symptomatic or those who later developed disease symp-
toms. Our data show that patients who remained asympto-
matic had a robust early inflammatory response marked by
significantly elevated levels of IL-2 (Figure 4A) and
a decreased IL-10 response (Figure 4B). There were no
major differences observed in IL-4 and IL-6 between these
two groups (Figure 4C and D). This increased inflamma-
tory response in asymptomatic patients was associated
with a decreased level of T regulatory cells (Figure 4E).
Besides, the asymptomatic patients had a quicker humoral
response measured as both IgM and IgG (Figure 4F and
G). As expected, the early humoral response was
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Figure 2 Age-associated alteration in peripheral blood counts in COVID-19 patients. Total red blood cells (RBC) (A) and white blood cells (B) were counted in the blood
samples. Neutrophil (C), lymphocyte (D), monocyte (E), and eosinophils (F) were presented as a fraction of total WBC counts. B (G), NK (H), and NKT (1), and T (J) cells
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counted in each patient. T,z Were counted as a fraction of T cells (N). All the tests were completed within 2 days of admission. Each dot represents one patient. p values

were calculated by Student’s t-test and indicated on each graph.
Abbreviation: NS, not significant.

associated with a shorter viral shedding duration in asymp-
tomatic patients compared to those who developed symp-
toms (Figure 4H). These data suggest that an early robust
inflammatory response may facilitate the humoral response
leading to asymptomatic infection.

Discussion

COVID-19 continues to cause morbidity and mortality
worldwide with no sign of slowing down. Despite
extensive studies in the last nine months, many aspects
of the COVID-19 disease remain to be known. Older
age is one of the most significant risk factors for this
disease and a major proportion of the COVID-19
related deaths occurred in the older age population.?”
Although the highest rate of mortality is reported in
patients >65 years of age, the age-dependent risk of
increased disease severity and death starts as early as
30 years.> Currently, there is a lack of precise under-
standing of differences in the early host response in

older subjects that may lead to increased disease sever-
ity in these patients.

Using this unique cohort, where patients were identi-
fied at early time points post-COVID-19 and without the
severe disease, we demonstrate that various age-associated
factors in host immunity are already evident and poten-
tially contribute toward the impaired host immunity in
older subjects. Our data reveal that before the manifesta-
tion of lymphocytopenia, a decrease specifically in CD8+
T cells is evident in older patients during early disease
(Figure 2L). Age-associated decrease in the CD8+ fraction
has been reported previously.’'*> This depletion likely
puts the older patients at a disadvantage when infected
with SARS-CoV-2, leading to an increased risk of severe
disease in older populations.

Although the increase in inflammatory cytokines has
been reported during the severe disease in COVID-19, it
remains unclear what causes a higher inflammatory
response in severe patients. It is possible that the patients
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regression analysis.

with advanced age are more immunogenic to the viral
PAMPS or are unable to mediate a strong antiviral
response, which leads to increased viral burden and
damage, which in turn may induce a damage-associated
molecular pattern mediated inflammation. Our data show
that in the absence of severe disease, the only cytokine that
was significantly elevated in older subjects was IL-10
(Figure 1D). A trend was observed in IL-6 levels but
partly was driven more by severe patients as removal of
severe patients from the analysis diluted the IL-6 trend but
not the IL-10 findings (Supplementary Table 1). These
data strongly indicate that instead of older patients being

hyper-inflammatory, a subdued early inflammation may be
a contributing factor towards increased disease severity in
older subjects. Our data is supported by a recent analysis
demonstrating severe immune suppression and functional
impairment in the lymphocytes as a potential cause of
death rather than uncontrolled inflammation.>

We observed an increase in the viral load in the older
subjects compared to younger patients, measured as the
first test and the highest viral load observed in these
individuals (Figure 3C-F). The correlation of viral load
and disease severity has been controversial, given some
studies did not find a significant positive correlation
between viral titers and the disease severity®* while others

reported higher viral load in severe patients.””> However,
these viral loads are often measured in mild to severe
cases, which presents technical difficulties in assessing
the true viral titers in the host. While the mild disease is
often limited to the upper respiratory tract, the severe
disease often manifests when the viral infection progresses
to the lower lung. The current sampling methods only
involve assessing the viral load in the upper respiratory
tract by nasopharyngeal or oropharyngeal swabs. It
remains technically difficult to assess the lower lung,
especially the part of the lung which is actively infected.
In our population, viral load measurements may reflect the
true viral load patterns between younger and older
patients, given all of them had mild disease.?

The increased viral load in older patients may be multi-
factorial. Various markers of innate and adaptive immunity
appeared impaired in older subjects. The innate immunity
arm showed increased IL-10 response, which has been
shown to impair the antiviral function of T cells and lead
to viral persistence.”’ At the same time, we observed
a striking increase in the NKT cell population (Figure
21), a finding previously unreported in COVID-19 patients.
The precise contributions of NKT cells in the older popu-
lation are not clear, however, the contribution of NKT cells
in producing both pro- and anti-inflammatory cytokine
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Figure 4 Impaired inflammatory response and delayed humoral response leads to symptomatic disease in COVID-19. Patients were divided into two groups based on the
fact if they developed disease symptoms or not before they turned viral negative on a PCR assay. The level of cytokines including IL-2 (A), IL-10 (B), IL-4 (C), and IL-6 (D)
from the blood drawn for the first time. P values are indicated on each graph. The percentage of T regulatory T cells in the blood (E). Time to SARS-CoV-2 specific IgM (F)

and IgG (G) onset. Duration of viral persistence after the first detection (H).

production has been reported.”® A direct role of NKT cells
in contributing to the altered inflammatory milieu was not
explored in our study.

In addition to impaired inflammatory cytokines, older
patients also demonstrated a delayed antibody response,
both in IgM and IgG (Figure 3A and B). A delayed anti-
body response is associated with severe disease.”” Overall
the duration of antibody onset positively correlated with
the viral persistence for both IgM and IgG, suggesting an
important role of humoral response on viral clearance
(Figure 3H and I).

When comparing the patients who developed symptoms
versus those who remained asymptomatic, we gained novel
insights into COVID-19 pathogenesis. Our data show that
patients who mount a robust initial inflammatory response
while maintaining the anti-inflammatory cytokines low
remain asymptomatic (Figure 4A—D). The cellular basis of
high inflammatory cytokines, such as IL-2 and lower anti-
inflammatory cytokine IL-10, is not clear but may be

contributed by T regulatory cells (Figure 4E). Our data
further show that asymptomatic patients have an early
humoral response (Figure 4F and G), which may contribute
to eliminating the virus early. Although we did not find
a significant difference in the viral titers between asympto-
matic and symptomatic patients (Supplementary Figure 3A—

D), symptomatic patients had significantly prolonged viral
persistence (Figure 4H). Although the precise mechanism of
the asymptotic disease remains unknown, but few theories
have been postulated. Shankar et al hypothesized that the
potential tolerance of innate immunity to the viral compo-
nents may protect the animals from the disease while they
harbor high levels of viral load,>® we hypothesized that in
humans, a potential robust early inflammation can help
eradicate the virus faster and prevent a severe disease.’’
However, it is possible that a during a severe disease,
excessive inflammation is detrimental to the host,** which
is supported by the fact that dexamethasone provides ther-

apeutic benefits during a severe disease.™’
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Although female gender has been associated with pro-
tection against severe and deadly disease,** we did not
observe any sex differences in cytokines and cell compo-
nents (data not shown), potentially due to milder disease
and younger patient population. Further, increased co-
morbidities are believed to be a key contributor to severe

disease in men,**>>

our population had very limited co-
morbidities, potentially explaining lack of differences.
Interestingly, we observed age-dependent differences
in our patients despite none of them being >65 years,
confirming the notion that age-related decline in host
defense against COVID-19 Although
a similar early response in older patients (>65 years) can
shed further light on host ability to respond to SARS-CoV

-2 in this highly vulnerable population, it may be com-

starts earlier.

pounded by their multiple co-morbidities often present in
advanced age patients. In conclusion, our study suggests
that the early defects in host immunity due to age and may
render the older subjects at higher risk of disease severity
in COVID-19. In addition, the impaired early inflamma-
tory and humoral responses potentially contribute to the
symptom onset. Together these data suggest an essential
role of an early inflammatory response and potential dele-
terious effects of anti-inflammatory cytokines in impairing
viral control. To the best of our knowledge, this is the first
study to demonstrate early inflammatory response as
a potential regulator of viral clearance and symptom
onset.

Limitations

Our study has few limitations that are worth discussing
here. First, as this is an observational study, it remains to
be decided if the early robust inflammatory response can
prevent a symptomatic or severe disease in prospective
studies. Secondly, most of our subjects in the study popu-
lation were young and had a mild disease, warranting
further investigation into the role of the early inflammatory
response in the most vulnerable population such as older
subjects during the severe disease. Thirdly, our study
population included only one race (Asians), which pre-
cludes generalizing our findings to other races. Finally,
we lacked a healthy control group due to technical diffi-
culty in recruiting such a cohort during the pandemic, thus
we relied on standard clinical range prescribed as the
normal range. However, despite these limitations, this
study sheds important light on early host response during
COVID-19 and its association with symptomatic disease,
which is allowed by this unique setting of the study where

we included asymptomatic patients screened for viral posi-
tivity at the airport.
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