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ARTICLE INFO ABSTRACT

Keywords: Over 90% of the COVID-19 patients manifest mild/moderate symptoms or are asymptomatic. Although
SARS-CoV-2 comorbidities and dysregulation of immune response have been implicated in severe COVID-19, the host factors
CO\‘/ID-1.9 that associate with asymptomatic or mild infections have not been characterized. We have collected serial
S;;?}Od‘es samples from 23 hospitalized COVID-19 patients with mild symptoms and measured the kinetics of SARS-CoV-2
Cytokines viral load in respiratory samples and markers of inflammation in serum samples. We monitored seroconversion
Inflammation during the acute phase of illness and quantitated the amount of total IgG against the receptor-binding domain of

SARS-CoV-2 and estimated the virus neutralization potential of these antibodies. Viral load decreased by day 8 in
all the patients but the detection of viral RNA in saliva samples did not correlate well with viral RNA detection in
nasopharyngeal/oropharyngeal swab samples. 25% of the virus-positive patients had no detectable neutralizing
antibodies in the serum and in other cases, the efficiency of antibodies to neutralize SARS-CoV-2 B1.1.7 strain
was lower as compared to the circulating virus isolate. Decrease in viral load coincided with increase in
neutralizing antibodies and interferon levels in serum. Most patients showed no increase in inflammatory cy-
tokines such as IL-1p or IL-6, however, elevated levels of IL-7 and other inflammatory mediators such as TNF-a
and IL-8 was observed. These data suggest that most mild infections are associated with absence of inflammation
coupled with an active innate immune response, T-cell activation and neutralizing antibodies.

1. Introduction

Coronavirus disease of 2019 (COVID-19) has infected close to 150
million people worldwide leading to over 3 million deaths (as on 28th
April 2021). Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), a positive-sense RNA virus from the family Coronaviridae, is the
causative agent of COVID-19. The RNA genome of SARS-CoV-2 ranges
from 26 to 32 kb in length and similar to other coronaviruses that have
jumped species to infect humans, SARS-CoV-2 is believed to have been
in circulation in animals such as bats for several decades before infecting
humans [1]. The genome of SARS-CoV-2 shares about 96% identity with
that of bat coronavirus and is about 80% identical to the SARS-CoV-1
[2]. There are close to 300 vaccines under development for COVID-19
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and few of the vaccines have already been approved for human use
[3]. Efforts to repurpose drugs and to manage the cytokine storm have
identified a number of drugs that have been recommended for use in
COVID-19 [4].

Most of the patients with COVID-19 exhibit mild or no symptoms and
severe clinical symptoms are observed in patients in the older age group
(>65 years) or patients with underlying comorbidities such as hyper-
tension and diabetes [5]. Impaired immune response and cytokine storm
has been implicated in clinical manifestations observed in severe disease
[6, 7, 8]. Increased viral load has been shown to correlate with disease
severity [6, 9] and some of the antivirals such as remdesivir which
inhibit the viral RNA-dependent-RNA-polymerase of SARS-CoV-1,
Middle East Respiratory Syndrome Coronavirus (MERS-CoV) and
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SARS-CoV-2 has been shown to reduce time to recovery and mortality in
COVID-19 patients [10]. As is the case with RNA viruses, coronaviruses
accumulate mutations and evolve at a rate similar to other RNA viruses
[11, 12]. Variations in the viral genome and emergence of novel clades
has been implicated in increased fitness and transmission [13] and
recent emergence of SARS-CoV-2 variants which escape neutralization
have been linked to increased transmission, severe disease and higher
mortality [14, 15, 16, 17]. In this study, we monitored the kinetics of
viral load in respiratory samples and saliva and markers of inflammation
in the serum of hospitalized COVID-19 patients who displayed mild/-
moderate symptoms and recovered from illness. Our results suggest a
clear inverse correlation between neutralizing antibody titers, interferon
response with viral load and identifies inflammatory mediators in the
serum of COVID-19 patients with mild/moderate symptoms. We also
show that the serum samples from patients who were infected during
early phases of the pandemic last year showed reduced neutralization
capacity against B.1.1.7 SARS-CoV-2 variant.
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2. Results

2.1. Kinetics of viral load in NP/OP and saliva samples in mild/
asymptomatic COVID-19 patients

The median age of the patients was 35 (26-45; 25th and 75th
percentile) and the mean duration of hospitalization was 12.4 + 4.9 days
(Mean =+ SD). Out of the 23 patients 14 were male and 9 were female. We
measured daily viral load in the NP/OP samples and saliva samples by
RT-PCR from patients depending on the consent for sampling. We
collected saliva samples early in the morning for estimation of viral load
in saliva and compared with the NP/OP sample. Viral load in NP/OP
swab samples peaked between day 2 to 5 in almost all patients, and in
over half of the patients we observed a biphasic increase in viral RNA
levels (Fig. 1). The peak viral RNA levels, as measured by the copy
numbers of the N gene, ranged from 10° to 10'2 copies per ml of virus
transport medium. Surprisingly, 7 of the 23 samples were RT-PCR
negative in subsequent serial sampling (Supplementary Figure S1) sug-
gesting a false-positive RT-PCR test or other unknown reasons for
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Fig. 1. SARS-CoV-2 RNA detection in serial samples of hospitalized patients.(A-P) Total RNA was isolated from virus transport medium containing nasopharyngeal/
oropharyngeal swabs or from saliva samples collected on indicated days from hospitalized COVID-19 patients. SARS-CoV-2 N gene was detected by quantitative RT-
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negative RT-PCR results. In the remaining 16 patients viral RNA levels
peaked between 3 and 5 days and was below the level of detection by
day 8 (Fig. 1). Saliva has been proposed as an alternate sample for SARS-
CoV-2 diagnosis and previous reports have shown good correlation be-
tween NP/OP samples and saliva for detecting viral RNA. Therefore, we
collected saliva samples from all 23 samples to verify the suitability of
saliva as a diagnostic specimen. Detection of viral RNA in saliva was
inconsistent and no viral RNA was detected in 5 of the 16 saliva samples
with true-positive NP/OP RT-PCR (Fig. 1A, 1D, 1F, 1M and 1P). Saliva
samples from false-positive NP/OP RT-PCR samples were negative
(Supplementary Figure S1). Incidentally, previous reports have also re-
ported 13-15% lower positivity rates in saliva samples as compared to
NP/OP samples [18, 19] suggesting a need for establishing standardized
sampling protocols, transport and isolation procedures for making saliva
as a reliable alternative to NP/OP samples.

2.2. Kinetics of antibody generation in mild/asymptomatic COVID-19
patients

We next looked for the presence of SARS-CoV-2 antibodies (total IgG)
in paired serum samples collected at the time of enrolment, and last
sample collected between day 4 to day 9 post-admission. 21 of the 23
patients consented for providing blood samples for at least two time
points. Antibodies to RBD-domain of SARS-CoV-2 Spike protein was

~ RBD ELU/ml = PRNT,, IU/ml
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measured by an in-house quantitative ELISA [20]. None of the patients
who were negative by RT-PCR subsequent to hospitalization showed any
presence of anti-RBD IgGs (Supplementary Figure S1) further reiterating
that these patients were likely to be false positives in RT-PCR. Median
RBD antibody titers in virus positive patients on the last sample collected
was 42.15 ELU/ml (9.7 - 259.6; 25th and 75th percentile respectively). 7
of the 16 patients had antibodies against the RBD in the first sample
collected after hospitalization suggesting that these patients had been
infected for at least a week or more (Fig. 2A, 2I-L, 2 N and 20) and these
patients had relatively lower levels of viral RNA (Fig. 1A, 1I-L, 1 N and
10) compared to samples where the antibody levels were below the
level of detection clearly suggesting virus neutralization by these anti-
bodies. Interestingly, 3 of the 16 patients who were RT-PCR positive in
serial sampling (10°-10% copy numbers/ml at peak) did not have
detectable levels of IgGs in their serum samples (Fig. 2F, 2H and 2P) and
two of these patients had a relatively prolonged RT-PCR positivity
(Fig. 1F and 1H). It is possible that these patients were in the early stages
of illness and yet to generate antibodies.

2.3. Assessing neutralizing capacity of antibodies

We next assessed whether the antibodies detected in these patients
were capable of neutralizing the wild type virus isolated from one of the
patients. We performed plaque reduction neutralization titre (PRNT)

Fig. 2. Quantitation of RBD antibodies and
PRNTS50 titers. (A-P) Serum samples collected
on the day-of-admission (DOA) and day-of-
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assay on the same paired samples that were used for RBD ELISA (Fig. 2).
None of the virus-negative and RBD-negative samples had any detect-
able neutralizing antibodies (Supplementary Figure S1). All but one
sample (Fig. 2J) which was positive for RBD antibody was capable of
neutralizing SARS-CoV-2 in the PRNT assay (Fig. 2A-E, 2 G, 2I, 2 K and
2M-0) showing a strong correlation between RBD antibodies, virus
neutralization and recovery from illness in concordance with previous
reports [21]. Median PRNTs titers in virus-positive patients on the last
sample collected was 115 IU/ml (11.8 - 235.8; 25th and 75th percentile
respectively). The three virus-positive, RBD-negative samples were also
negative for virus neutralization in the PRNT assay (Fig. 2F, 2H and 2P).
Nevertheless, these patients recovered from illness and resolved the viral
load indicating a role for mucosal immune responses and T-cell re-
sponses in resolving the infection. Recent emergence of SARS-CoV-2
variants which escape neutralization by pre-existing antibodies from
natural infection or vaccination is a major concern to tackle the ongoing
pandemic [16, 17]. We next determined whether the neutralizing anti-
bodies from COVID-19 patients collected from this study in May 2020
were capable of neutralizing the B.1.1.7 variant. We determined the
PRNTs titers for the Indian and B.1.1.7 isolates and found that the
antibodies from previous infection had a significantly lower PRNTsq
values for B.1.1.7 variant (Median titers of 143 vs 76) (Supplementary
Figure S2).
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2.4. Kinetics of inflammatory mediators in mild/asymptomatic COVID-
19 patients

As previous reports implicate both virus and host factors in severe
COVID-19 disease [6, 22], we were interested in estimating the levels of
some of the inflammatory mediators along with interferons in the serum
samples collected daily from our cohort of patients to understand the
correlates of recovery from disease. We measured serum inflammatory
mediators in three categories of age-matched samples: Healthy (n = 10),
other febrile illness (OFI) (n = 10), and virus-positive COVID-19 patients
(n =16). The NP/OP RT-PCR false-positive samples were excluded from
cytokine analysis. Healthy and OFI samples were collected at one time
point only. Each COVID-19 patient contributed at least two serial sam-
ples. Multiplex luminex assay was performed to measure IFN-a2, IFN-y,
IL-1B, IL6, IL-7, IL-8, IL-10, IL12p40, IL12p70, Monocyte Chemotactic
Protein 1(MCP-1), MCP-3, TNF-a and gamma interferon inducible pro-
tein —10 (IP-10) in serial samples. Less than half of the virus-positive
patients showed enhanced IFN-o2 after day 5 of enrolment (Fig. 3A).
Similar trend was observed for IFN-y where a median of 8-16 pg/ml was
detected in less than half of the samples beyond day 5 (Fig. 3B).
Increased IFN-a2 and IFN-y at later stages of infection coincided with
recovery and clearance of virus by day 8 of enrolment. Other inflam-
matory markers such as IL-1f, IL-6 and IL-10 (Fig. 3C-E) did not show
any significant increase in these patients indicating a clear absence of
inflammation. Although all the samples showed a moderate increase in
the levels of TNF-a, it was not statistically significant (Fig. 3F) which is
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in agreement with previous reports (23). We next looked at the cyto-
kines that influence T-cell functions namely the pro-inflammatory
IL-12p40 homodimer and IL-12p70, the active IL-12 heterodimer
secreted by dendritic cells and macrophages that promotes Th1 response
and leads to IFN-y and TNF-a production. Both IL-12p40 and IL-12p70
levels did not show any significant increase (Supplementary
Figure S3B and S3C). IL-7, a cytokine produced by epithelial cells and
DCs and promotes biogenesis and proliferation of lymphocytes was
increased in samples collected on day 6-8 suggesting a cue for activation
of T-cell responses. Of the four chemokines analysed in this study, only
IL-8 and IP-10 showed a significant increase (Fig. 4A and 4B) in almost
all of the samples relative to OFI controls indicating a critical role for
these chemoattractants in recruiting innate immune cells. Interestingly,
the levels of the pro-inflammatory chemokine MCP-1 did not show any
variation, and MCP-3 levels were very heterogenous during the course of
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infection in any of the patients, suggesting lack of severe inflammatory
response (Fig. 4C and 4D).

3. Discussion

Of all the coronavirus epidemics/pandemics of recent past, COVID-
19 has had the greatest impact on global health and economy.
Although most of the individuals are asymptomatic or with mild
symptoms, the disease affects the elderly and people with co-morbidities
the most [5], indicating a critical role for innate immune response in
limiting the viral load and spread. Most asymptomatic or individuals
with mild symptoms harbor high viral loads in their respiratory tract and
contribute to disease transmission [24]. Previous report suggested
reduced interferon response in severe patients as compared to mild/-
moderate cases 8-12 days after the onset of symptoms [6] and viral
genetics was not found to correlate with severe disease [25]. We
focussed our efforts to monitor the kinetics of viral load, detect and
quantitate neutralizing antibodies and inflammatory mediators in the
serum samples of hospitalized COVID-19 patients who displayed mild to
no symptoms but were RT-PCR positive for SARS-CoV-2 during
screening at the hospital or during contact tracing. Most of the patients
were enrolled within 48 h of testing positive by RT-PCR and are likely to
be within 7-10 days of exposure to the virus. Despite the large variation
in viral load (about 4 orders of magnitude), the clinical features and
disease outcome did not vary as all patients were able to clear the virus
and recover from the disease. This suggests that immune response in
younger adults is capable of clearing the infection and age and imbal-
ance in immune response could contribute to severe disease in older
individuals and patients with co-morbidities. We observed that decrease
in viral loads coincided with increase in IFN responses and neutralizing
antibodies. Although our study does not have relative comparison be-
tween samples from different severities, previous reports have shown
that low serum interferons preceded respiratory failure in critical
COVID-19 cases [6] whereas we observed an increase in both IFN-o and
IFN-y in most of the patients who recovered and were discharged in the
present study clearly indicating a critical role for interferon responses in
recovery from COVID-19. Our results show that there was moderate to
no induction of pro-inflammatory cytokines or chemokines such as IL-6
and TNF-«a in any of the patients. IL-8, the primary chemoattractant for
neutrophil recruitment has been shown to play an important role in
acute respiratory distress syndrome (ARDS) and in recruitment of neu-
trophils to the site of injury in lungs in sepsis [26]. We speculate that
generation of high levels of IL-8 may lead to ARDS observed in severe
COVID-19 patients. Therefore, we hypothesize that regulation of IL-8
signaling and neutrophil activity could be an important determinant
of clinical outcomes in COVID-19 patients.

A recent report suggested immunosuppression as a major cause for
COVID-19 disease rather than cytokine storm and administering IL-7 ex
vivo enhanced the capacity of T-cells to produce IFN-y [23]. IL-7 has also
been shown to play a key role in T-cell-mediated response to influenza
virus infection [27]. We also observed, at later stages of infection, a
trend showing increase in IL-7 and IL-12p70 suggesting activation of T
cells. These observations envisage an important role for IL-7 in T-cell--
mediated response to COVID-19 infections.

4. Methods
4.1. Clinical samples

23 patients who were positive for COVID-19 by RT-PCR were
enrolled into the study after obtaining informed consent. Details of

sample collection and diagnosis is described in supplementary
information.
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4.2. Quantitative RT-PCR

Quantitation of SARS-CoV-2 viral RNA levels by reverse transcrip-
tion polymerase chain reaction (RT-PCR) as described earlier [28].
Detailed methodology is described in supplementary information.

4.3. Multiplex cytokine/chemokine assays

25 pl of serum was used for in magnetic bead-based multiplex che-
mokine and cytokine luminex assay as per the manufacturer’s in-
structions (Merck-Millipore). Assays were performed in duplicates along
with quality controls as described previously [29]. Further details is
provided in supplementary information.

4.4. Quantitative ELISA

Recombinant spike protein receptor binding domain (RBD) ELISA
was performed as described earlier [20] with minor modifications.
Please see supplementary information for a detailed description of the
process.

4.5. Plaque reduction neutralization titre assay

Plaque-purified Indian isolate [30] and B1.1.7 isolate were used in
the study for neutralization assays (NCBI accession ID: MW422884 and
MW881790). Detailed description of the method is provided in the
supplementary information.

5. Data analysis

Data was analysed and final graphs were prepared using GraphPad
Prism (Version 7.0e) software. All experiments were performed with two
or more replicates and graphs have been prepared representing data
from at least two independent experiments with n > 6 unless otherwise
indicated. Statistical significance was estimated by one-way ANOVA
using Dunnett’s test was applied for multiple comparisons. All COVID-
19 samples were compared with OFI samples. For paired t-test, P
values were obtained by Wilcoxon matched-pairs signed rank test.
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