26

RiA
o 154

ACIN

ASOCIACION COLOMBIANA
DE INFECTOLOGIA

infectio

ARTICULO DE REVISION

Human immune response to SARS-CoV-2:
What is known? A scoping review

Ivon Johanna Rodriguez'?*, Julidn Chamucero Millares'3, Nicolas Lalinde Ruiz'4, Manuela Llano Leén'?,
Laura Martinez Enriquez'$, Maria del Pilar Montilla Velasquez'’, Oscar Mauricio Rodriguez Bohérquez's,
Esteban Alejandro Velandia Vargas'?, Carlos Alberto Parra Lopez''®

Abstract

Monitoring literature on the broad spectrum of the human immune response to SARS-CoV-2 is important to understand the mechanisms and progression of
COVID-19. The present study undertakes a scoping review of the literature on human immune response to SARS-CoV-2 to determine the characteristics of
innate and adaptive responses, as well as biomarkers and cells that play a role in the development of the infection. We searched papers in MEDLINE/PUBMED
and EMBASE databases published since December 1st 2019 to to April 9th 2020 from which we selected 56 for this study. We found that the immune response is
characterized by high levels of acute phase reactants, neutrophilia, low levels of NKs and eosinophils, lymphopenia, cytokine storm syndrome, exhausted T cells,
impaired cytotoxic response, inadequate helper response and production of specific antibodies; concluding that immune dysregulation correlates with disease
severity and high mortality.

Respuesta inmune humana al SARS-CoV-2: ;Qué se conoce? Una scoping review.

Resumen

El seguimiento de la literatura sobre la respuesta inmune humana al SARS-CoV-2 es importante para comprender los mecanismos y la progresién de COVID-19.
En el presente estudio se realizé un Scoping Review de la literatura sobre la respuesta inmune humana al SARS-CoV-2 para determinar las caracteristicas de la
respuesta inmune innata y adaptativa, asi como biomarcadores y células que juegan un papel en el desarrollo de la infeccion. Buscamos articulos en las bases de
datos MEDLINE / PUBMED y EMBASE publicados desde el 1 de diciembre de 2019 hasta el 9 de abril de 2020, de los cuales seleccionamos 56 publicaciones para
este estudio. Encontramos que la respuesta inmune se caracteriza por altos niveles de reactantes de fase aguda, neutrofilia, bajos niveles de NKs y eosinéfilos,
linfopenia, sindrome de tormenta de citoquinas, linfocitos T agotados, respuesta citotoxica alterada, respuesta T helper inadecuada y produccion de anticuerpos
especificos. En conclusion, el desequilibrio inmune se correlaciona con la severidad y la mortalidad de la enfermedad.

toms (81% of the cases), and pneumonia of different degrees
of severity (14%) to acute respiratory distress syndrome (ARDS)
with a high risk of death (5%)>®.

Introduction

In December 2019, an outbreak of a novel coronavirus pneumo-
nia called COVID-19 was first identified in Wuhan, Hubei pro-

vince, China™. As of April 9" 2020, there have been 1'436.198
cases and 85.522 deaths reported in at least 178 countries®. The
coronavirus called SARS-CoV-2 has an incubation period of
0-14 days with a median of 5.2 days®. The clinical spectrum of
the infection can vary from asymptomatic or mild clinical symp-

The most common symptoms are fever, cough, myalgia and
fatigue, and the most severe include dyspnea and lethargy>’.
The reason why some people develop severe illness while
others do not remains unclear. It is possible that the severity
of the disease may be associated with the ability of the im-
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mune system to control the virus, however the immune res-
ponse to SARS-CoV-2 has not been fully elucidated. Here, a
scoping review focusing on the characteristics of the human
immune response to SARS-CoV-2 is carried out.

Methods

Protocol and registration: The protocol was written using
the elements established in the PRISMA ScR extension do-
cument®. The research was reviewed by the team members
of the Immunology and Translational Medicine group of the
National University of Colombia, registered in Colciencias.
The protocol was prospectively registered in the Open Scien-
ce Framework on 13 April, 2020 https://osf.io/t4vw7/

Eligibility criteria: To be included in the review, papers ne-
eded to measure or focus on specific dimensions of the hu-
man immune response to SARS-CoV-2. Papers in English in-
volving human research, quantitative, qualitative, and mixed
design, qualitative review articles, systematic reviews, letter
to editors and case reports published from December 2019
to 9 of April 2020 were included in this review. When letters
to the editor referred articles of interest that were not found
in the initial search, the new articles were also included.

Information sources: To identify potentially relevant docu-
ments, the following bibliographic databases were searched:
MEDLINE/PUBMED and EMBASE. The search strategies were
drafted by the team member discussion and included MESH,
emtree and free language terminology. The final search was
exported into Mendeley and duplicates were removed.

Search: The final search strategy for PUBMED/MEDLINE and
EMBASE can be found in Appendix.

Selection of sources of evidence: The inclusion criteria of
the articles were reviewed by title and abstract. To increase
consistency among the reviewers, teams of four researchers
were generated to evaluate the results of the excluded ar-
ticles. Disagreement on study selection and data extraction
were resolved by consensus and discussion with other re-
viewers if needed.

Data charting process: A data-charting form was jointly de-
veloped by the team to determine which variables to extract.
The data was charted independently by each reviewer, the
results were discussed by the entire group and the data char-
ting form was continuously updated in an iterative process.
Data from eligible studies were charted using a tool designed
for this study. The tool captured the relevant information on
key study characteristics and detailed information on all me-
trics used to describe the human immune response to SARS-
CoV-2. The data was extracted from the main publications
and supplemental materials.

Data items: Article characteristics were extracted (e.g.,
authors, origin, objectives, purpose), as well as the data rela-

ted to immune clinical parameters, innate and adaptive im-
mune response, cytokine storm, T cell responses, B cell res-
ponses and antibodies. The final version of the charting form
can be found in the Additional file Table S1.

Synthesis of results: The studies were grouped by resear-
ched items. The results were presented in a narrative format,
tables, and figures.

Results

Selection of sources of evidence: The search yielded 240
articles from PUBMED / MEDLINE and 210 articles from EM-
BASE. After duplicates were removed, a total of 388 citations
were identified and 12 indirect articles of comments or letters
to editor were added (figure 1). Based on the title and the
abstract, 282 were excluded, with 118 full text articles to be
retrieved and assessed for eligibility. Of these, 62 were exclu-
ded for the following reasons: 5 were in Chinese, 1 was re-
search in animals, 42 not considered the immune response, 3
were vaccine research, 3 were comments or abstracts of origi-
nal papers and 7 were about possible treatments. Description
of the excluded articles can be found in Additional file, table
S2. The remaining 56 articles were included in this review.

Characteristics of sources of evidence: The selected articles
were classified by the topics shown in Table 1.

Results of individual sources of evidence: The type of pu-
blication, journal and aims of the search are presented in
additional file:Characteristics of included studies (supple-
mentary table S3). 1 clinical trial, 2 analytic studies, 14 des-
criptive studies, 9 case reports, 15 reviews, 4 basic research
studies and 10 commentaries were included.

Results: For the purpose of this article and due to heteroge-
neity among articles, the stage of clinical compromise was
classified as Severe Patient (SP) if patients were admitted to
ICU, progressed to ARDS, died or were referred as severe. If
that was not the case, they were considered as Non-Severe
Patients (N-SP).

Discussion

Clinical Parameters associated to Immune Response
Usually upon hospital admission in the context of COVID-19,
infected patients had abnormal laboratory results. In the case
of complete blood count (CBC), the majority of articles that
reported lymphocytes and eosinophils counts showed num-
bers below normal values'*>7%2%, and basophils were either
normal or decreased’®'>?. On the other hand, total leuko-
cytes, neutrophils, and monocytes counts displayed a tenden-
cy towards normal values. (Figure 2A)"259-1214-1618.21,25268,30-40,

Among cited references, levels of change in CBC varied ac-

cording to severity of the disease. The majority of references
that compared CBC between SP and N-SP reported increased
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Figure 1. Flow diagram showing inclusion and exclusion strategy

values of leukocytes and neutrophils in SP157:9-1218.2425,33343641
Moreover, concurrent with clinical worsening, more than half
of the references, reported decreased levels of monocytes,
lymphocytes, eosinophils, and basophils in Sp>7910121824.2533-
3641 (Figure 2B). Additionally, it has been proposed that higher
neutrophil-lymphocyte-ratio and higher platelet-lymphocyte
ratio are associated with poor prognosis®'”24,

Most cases of COVID-19 have generally increased acute-phase
reactants®. Here, we focus on canonical and direct mediators
of the systemic immune response secondary to an infection. All
of the articles that reported C-reactive protein (CRP) showed
increased |eve|52,3,7,9f12,1446,19,21724,27729,31,34ﬁ37,4143 except for one,
whose cases were children and reported normal values®.
Additionally, serum ferritin and erythrocyte sedimentation rate
(ESR) were above the normal reference values®12192223,2527.3437,

Table 1.Characterization of the main titles.

Immunological

o Articles
characteristics

Brief description

Unfortunately, procalcitonin levels reported among the re-
viewed articles did not allow us to establish a tendency since
half of the articles reported normal levels'?522%, and the other
half increased levels'2'5252840 (Figure 2C).

Comparing SP with N-SP, increased levels of CRP in Sp910.123435
were reported in 80% of the references, while 100% reported
increased levels of procalcitonin and ferritin in SP191012253436 |
addition, 66% of the references reported normal levels of ESR
independently of severity status'®' (Figure 2D). Particularly,
abnormally high procalcitonin levels in severe patients have
been associated with the development of secondary infec-
tions'?’. Although D-Dimer is not produced directly by the ac-
tivation of the immune response, high levels of this marker in
COVID-19 patients are strongly correlated with poor progno-
sis and, therefore, it has significant clinical value™ 101215252733,

Type of articles

Clinical parameters
associated with immune
response

(1-3,5-7,9-43)

Description of cell number trends in
CBC during COVID-19 and trends of
acute phase reactants such as C reactive
protein, procalcitonin, ferritin, etc.

Total:41

2 basic research, 4 commentaries, 12
observational, 9 case report,

10 reviews, 3 analytics, 1 clinical trial

(1,3,6,7,9,10,12,14,15,

Innate immune response 20,23.04,3133.41,44)

Cov-2

Description of the first line of defense
against the SARS-

Total:16

4 Reviews, 3 commentaries,

5 descriptive, 2 cases reports, 2
analytic

(1,7,9,10,12,23—

Cytokine storm 26,34,36,45-48)

Identification of the cytokines
implicated and the

onset mechanism and development of
this response

Total:15
4 Reviews, 1 commentary, 2 basic
research, 7 descriptive, 1 analytic

(1,3,6,7,9,10,12,18,20—
22,24,31-
33,41,42,44,45,47-53)

Adaptive immunity
changes

Descriptions and trends of T cells
(CD4+ and CD8+), B cells and antibody

Total:26

3 basic research, 5 commentaries, 8
descriptive, 2 case report, 6 review,
2 analytic
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Innate immune response

Zhou et al. performed the identification and genomic charac-
terization of SARS-Cov-2 and found that the virus uses an-
giotensin converting enzyme 2 (ACE2) and transmembrane
serine protease 2 (TMPRSS2) as cell entry receptors*#>. The
ACE2 receptor is expressed on type Il pneumocytes and im-
mune cells such as monocytes, macrophages, and dendritic
cells?024%_|n general, after a virus invades the host, it is initia-
lly recognized by the innate immune system through pattern
recognition receptors (PRRs)?. The TLR3 and TLR7 recognize
viral RNA, this event leads to recruitment of TRIF and MyD88
adapter molecules that activate NF-kB pathway, inducing the
expression of type | interferons and the secretion of other
proinflammatory cytokines for the activation of T cells, which
limits the spreading of the virus®2*4147. A well-coordinated in-
nate and adaptive immune response may rapidly control the
virus, while a failed immune response leads to viral sprea-
ding, cytokine storm, cytokine release syndrome (CRS), ARDS
and death®”? (Figure 3).

There is not enough knowledge of immunological indica-
tors to understand the underlying mechanisms involved in
COVID-19%"2, Retrospective studies of SARS-CoV-2 infection
have shown that there is limited information available on the
host immune status, especially of the innate immune respon-
se. Besides the aforementioned parameters, SP compared to
N-SP shared common features: 1. lower levels of natural killer
(NK) cells and eosinophils in peripheral blood??3; 2. increased
serum levels of IL-6 and TNFa#21012 and, 3. highly inflamma-
tory macrophages with an enhanced chemokine production
in the lung microenvironment*®.

In a cohort of 68 COVID-19 patients, the total number of NK
cells decreased and had a reduced ability to produce CD107a,
IFNy, IL-2, GzmB and TNFq, and an upregulated expression
of NKG2A, an inhibitor receptor characteristic of functional
exhaustion®:. The decrease in NK cell count was even more
pronounced in SP than in the N-SP group, but there was no
significant difference in NK cell function®. Moreover, SP had
lower proportions of T and NK cells in bronchoalveolar lava-
ge fluid (BALF) samples*. Two groups have proposed diffe-
rent causes of low eosinophil count: Liu et al. proposed that
lung damage due to SARS-CoV-2 may result in upregulation
of glucocorticoid secretion, which in turn affects the produc-
tion of eosinophils in the bone marrow'; Du et al. argued
that eosinophil depletion was related to lymphopenia since T
cells produce IL-5, a cytokine that promotes eosinophil proli-
feration and activation in peripheral blood™.

Monocyte accumulation resulted in elevated lung cytokine/
chemokine levels, vascular leakage, and suboptimal T cell
responses'®2. A case report showed a lower frequency of
CD16+CD14+ monocytes in peripheral blood of a positive
case compared to a healthy donor (HD)*'. Through gene
expression analysis, Liao et al, identified monocyte-derived
FCN1+ macrophages replacing the FABP4+ alveolar ma-

crophages in the lung immune microenvironment of severe
patients. These macrophages are potent chemokine produ-
cers as well as highly inflammatory“.

Cytokine storm

Cytokine storm syndrome (CSS) is a form of systemic inflam-
matory response characterized by the excessive and uncon-
trolled release of a series of cytokines. CSS can be caused
by a variety of disorders including infections and rheumatic
diseases, and tumor immunotherapy'%4° Clinically, it is com-
monly presented as systemic inflammation, ARDS, multiple
organ failure and high inflammatory parameters”2324%,

Comparable to similar viral diseases such as SARS and MERS,
most COVID-19 patients exhibit substantially elevated serum
levels of both pro and anti-inflammatory cytokines. Some
studies describe that IL-2, IL-6, IL-7, IL-10, G-CSF, IP-10, MCP-
1, MIP-1A, and TNFa were higher and correlated with worse
clinical progression and death'912244° | evels of IL-6, IL-10,
and TNFa correlated with T cell depletion®'. Other studies re-
ported that additional cytokines and chemokines including
IL-1B, sIL-1RA, CXCLS, IL-9, FGF, GM-CSF, IFNy, G-CSF, PDGF,
VEGEF, IL-18, HGF, MCP-3, MIG, M-CSF, MIG-1a, CCL27 were
increased as well?*3,

In some studies, IL-6 was elevated in SP compared with N-SP
throughout the clinical course and there was a correlation
with disease severity'®192>3 However, this was not consis-
tent with the results obtained by other researchers, who did
not find significant difference in serum levels of IL-6 between
these groups'??4. Interestingly, since IL-6 serum levels did not
come from PBMCs, this cytokine might be produced by lung
epithelial cells in COVID-19 patients®.

Xiong et al. found that the expression of pro-inflammatory
cytokines CXCL1, CXCL2, CXCL6, CXCL8, CXCL10/1P-10, CCL2/
MCP-1, CCL3/MIP-1A, and CCL4/MIP1B was significantly
upregulated in BALF samples of COVID-19 patients. Fur-
thermore, increased transcription of respective chemokines
receptors such as CCR2 (CCL2/MCP-1 receptor) and CCR5
(CCL3/MIP-1A receptor) was also observed, indicating the
activation of these inflammatory signaling pathways. Addi-
tionally, elevated levels of macrophage chemoattractant
CXCL10/IP-10, CCL2/MCP-1, neutrophil chemoattractant
CXCL2, and CXCLS8 facilitate the migration of these immune
cells to the site of infection, which is consistent with mono-
nuclear cell infiltrates observed in injured lung tissue®

Yang et al. compared the plasma cytokine/chemokine levels
collected from SP and N-SP at different days after illness onset
(d.a.0). The results showed that most of the cytokines were
comparable between the two groups and maintained high le-
vels, even at the later stage of the disease (> 15 d.a.0); however,
IP-10, MCP-3, IL-1ra, and MIG were significantly higher in sam-
ples from SP. Further analysis showed that IP-10, MCP-3 and
IL-1Ra expression levels were considerably high upon admis-
sion and were maintained during disease severity progression
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Figure 2. Clinical Parameters associated to Immune Response across references. 2A) Changes in CBC by citation percent: 79% reported
leukocyte counts and 70% of them showed normal values, 23% reduced values, 3.3% increased values and 3.3% did not allow to
establish a tendency. 100% reported lymphocyte counts and 63% of them showed reduced values, 29% normal values, 2.6% increased
values and 5.3% did not allow to establish a tendency. 68.4% reported Neutrophil counts and 70% of them showed normal values,
13.8% increased values, 3.8% reduced values and 11.5% did not allow to establish a tendency. 13.1% reported Eosinophil counts, 80%
of them showed decreased values and 20% normal values. 13.1% reported monocyte counts, 80% showed normal values and 20%
decreased values. 10.5% reported basophil counts, 50% of them showed normal values and 50% increased values.
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Figure 2B. Degree of change following disease severity in CBC and citation percent
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Figure 2C. Levels of acute phase reactants by citation percent: 87.7% reported C- Reactive protein and 93% of them reported increased
levels, 3.5% normal levels and 3.5% did not allow to establish a tendency. 40.6% reported procalcitonin levels and 38.5% of them showed
normal values, 38.5% increased levels and 23% did not allow to establish a tendency. 18.7% reported ferritin levels and 100% of them
showed increased levels. 25% reported ESR levels and 75% of them showed increased levels, 12.5% normal levels and 12.5% did not allow
to establish a tendency.
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and correlated with altered PaO2/FiO2 values and Murray sco-
res. These results indicate that these three cytokines could be
considered as predictive biomarkers of COVID-19 outcome®®.
SARS-CoV-2 patients not only have upregulated inflammatory
cytokines and chemokines that may lead to activated Th1 cell
response, but also secreted excessive anti-inflammatory cyto-
kines such as IL-10, IL-4, and TGF- that may suppress inflam-
mation by Th2 polarization®®. TGF-f signaling can be modu-
lated by virus infection to prevent apoptosis and to promote
fibroblast proliferation and myofibroblast differentiation, thus
playing a critical role in the development of pulmonary fibro-
sis®2. These cytokines (pro and anti-inflammatory) mediate T
cell depletion and extensive pulmonary pathology, leading to
massive infiltration of neutrophils and macrophages, diffuse
alveolar damage with the formation of hyaline membranes
and diffuse thickening of the alveolar wall’.

Elevated serum cytokine and chemokine levels in infected
patients are correlated with disease severity and adverse
outcome, suggesting a possible role for hyper-inflammatory
responses in COVID-19 pathogenesis®*?. All these data su-
ggest that widespread lung damage associated with SARS-
COV 2 may be caused more by an exaggerated innate immu-
ne response than the virus itself. In table 2, we resume the
principal findings.

Adaptive immunity

T cell responses. As mentioned above, several articles inclu-
ded in this review showed reports of lymphopenia in periphe-
ral blood of COVID-19 patients'®, which correlated with disease
severity®19121851 - Additionally, this reduction seems to be age-
dependent since elderly patients had lower counts than their
young counterparts, which could be partially explaining the
high morbidity and mortality rates within this population?'*'.

Surprisingly, autopsies of COVID-19 patients revealed des-
truction of secondary lymphoid organs and atrophy of the
spleen®. The immune infiltrate in the lungs of SP correspon-
ded mainly to monocytes and macrophages, with a low pre-
sence of lymphocytes, unlike N-SP, whose BALF transcripto-
me showed high proportions of tissue-resident CD8 T cells
(CD8T cell)*. These pathological findings suggest a “primary”
cytokine storm, which is mainly produced from macrophages
and epithelial cells, as opposed to a “secondary” storm that
is produced by activated T cells®, and are consistent with an
upregulation of genes associated with an acute inflammatory
response observed in epithelial cells from severe patients®.

Within the cytokine storm caused by SARS-CoV-2 infection,
high concentrations of IL-6, TNFa, and IL-10 have been re-
ported, which could be causing the destruction of lympha-
tic nodes and depletion of tissue-resident and circulating
lymphocytes'912244951 Both IL-6 and IL-10 can inhibit IFNy
production and upregulate PD-1 expression in lymphocytes
through SOCS-3 signaling®, whilst TNFa can be recogni-
zed by TNFR1 and induce apoptosis by activating the p53
pathway, whose gene transcription profile was enriched in
PBMCs from COVID-19 patients®.

Supporting this theory, Diao et al. found that these three
cytokines were negatively correlated with total lymphocyte
counts and when serum levels of these cytokines subsided
in the late stages of the disease, the number of lymphocytes
increased. Moreover, high levels of IL-6 and increased ex-
pression of TNFR1 have been associated with aging, making
elderly patients more susceptible to developing lymphope-
nia and therefore greater severity of the disease®'.

Another possible explanation for the lymphopenia observed in
COVID-19 patients could be selective pyroptosis of these cells
through the NLRP3 inflammasome activation induced by viral
infection?®22, Few studies concluded that the virus was not ca-
pable of infecting lymphocytes due to their low levels of ACE2
expression and because no viral RNA was detected in PBMCs*2.
However, by using human T lymphocyte cell lines, researchers
found that, unlike SARS-CoV, SARS-CoV-2 is capable of infec-
ting these cells.This infection was receptor-dependent and me-
diated by the S protein of the virus, suggesting that ACE2 is not
the only receptor that can interact with the virus®. Other studies
have proposed the possible action of CD147, CD163 and DC-
SIGN, present in other leukocytes, as viral entry receptors'. For-
tunately, similar to MERS-CoV, SARS-CoV-2 infection appears
to be abortive in lymphocytes, as the virus could not replicate
after infection®. Further studies are required to confirm whether
this infection activates apoptotic pathways (i.e. pyroptosis) in
lymphocytes, contributing to lower counts of immune cells.

Finally, reduction of circulating lymphocytes could also be
associated with an impaired or limited lymphopoiesis cau-
sed by viral infection® or redistribution of immune cells via

Monagite,

B
IL-Eﬁ

N

TNF-a e ' ' 'd

et

N-5P SP
Anti-viral immunity Cytokine storm
Iinfected cells clearance ARDS
Virus clearance Death

Figure 3. Figure 3. innate immune response against SARS-CoV-2. Innate immune
cells are the first line of host defense against SARS-CoV2. Once the virus infects
the cells and begins to replicate, the viral RNA copies can be recognized by TLR3
and TLR7. Signaling pathways activated by TLRs induces the phosphorylation of
transcription factor (TF) such as NF-KB. TF are then translocated to the nucleus
where promote the transcription of IFN type | and other pro-inflammatory
cytokines. An effective IFN-I type response favors the clearance of the virus, but
a decreased IFN-I levels and the high levels of other pro and anti-inflammatory
cytokines related with CSS correlates with disease severity.
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Table 2. Comparison of serum cytokine concentrations between N-SP and SP
in the studies included

Cytokine Non-Severe Severe References
TNFa 1 T (1,9,12,51)
IL-1B N/t N/T (1,12)
IL-Tra T " (36)
IL-2R N/1 1 (12,36)
IL-6 1 " (10,12,25,34,36,51)
IL-8 N/1T N/1 1,12)
IL-10 N/1 N/1 (1,9,12,36,51)
IFNy 1 1 (1,36,51)
IP10 1 mn (1,36)
MCP1 1 mn M

N-SP: Non-Severe Patients SP: Severe Patients N: normal 1: Mildly Elevated 11:
Highly Elevated

attachment to the vascular endothelium or lung infiltration®.
Both of these hypotheses rely on the role of platelets in viral
infection, as platelet-derived CXCL4 prevents Agglutinin-A
from inhibiting lymphocyte generation in bone marrow, and
thus when activated, they can enhance lymphocyte adhesion
to the endothelium, thereby promoting homing to endothe-
lial veins and migration to lungs*'.

To have an effective antiviral response, adequate activation of
helper and cytotoxic lymphocytes is necessary. Hence, resear-
chers have also characterized the frequencies, phenotypes, and
functionality of lymphocytes subsets. CD4 T cell counts had the
same behavior as total lymphocytes, with SP having the lowest
numbers®191231 |nterestingly, a multiple linear regression model
revealed that CD4 T cell counts could predict the duration of
viral RNA in swabs and stool samples from patients*®.

The percentages of different CD4 T cell subsets also appear
to influence the severity of the disease. A high proportion
of naive CD4 T cell compartment is usually associated with
a better response to infectious diseases. However, several
authors reported a significant increase of this population in
detriment of the CD45RO+ memory subset in SP3794¢, |so-
lated CD4 T cells from patients had a higher expression of
TIGIT, an inhibitory receptor, and produced less IFNy, TNFq,
and IL-2, cytokines characteristic of a Th1 response, when sti-
mulated in vitro; this phenomenon was even more noticeable
in SP3. In addition, the number of Tregs also seems to be
lower in infected patients, especially in SP%'2. In sum, a reduc-
tion of memory and regulatory subsets may contribute to the
maintenance of a proinflammatory environment, which leads
to exhaustion of T cells and an inadequate helper response.

CD8 T cell counts showed contradictory behaviors; Qin et al.
found no significant difference in the number of circulating
CD8 between SP and N-SP. Nevertheless, they demonstrated
that the number of CD8 T cells in COVID-19 patients was lower
than in HD32. In contrast, other researchers reported a signi-
ficant decrease in CD8 T cells in SP compared to N-SP22"51,
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In the lungs of N-SP, there was an increase of CD8 T cells,
which expressed high levels of effector molecules including
GzmA, GzmK, FAS-L, CCL5, and tissue residence markers such
as ITGA1, CXCR6, and JAML®, This cytotoxic CD8 infiltration
may have an important role in virus elimination since these
cells had an effector phenotype and a higher level of pro-
liferation in N-SP that in SP. However, some authors found
that the CD8 T cell population was also increased in SP lungs,
which could be explained as a side effect of hyper-inflam-
mation or late lung infiltrate®.

In a case report of a COVID-19 patient, a peak of CD8+
CD38+ HLA-DR+ cells, known for their role in antiviral res-
ponse, was reported from day 7 to day 9, to finally fall on
day 20%'. This subset was much higher than in HD, Zheng
et al. demonstrated that CD8 T cells from SP upregulate TI-
GIT and produce significantly lower amounts of GzmB and
Perforin B than N-SP32. Another study reported that CD8 T
cells from COVID-19 patients expressed higher levels of PD-1
and that among them, SP had the highest percentages of
CD8+PD1+ cells®. This exhaustion phenotype in CD8 T cells
was accompanied by a higher expression of NKG2A, with a
lower expression of CD107a and lower production of IFNy,
IL-2, and GzmB3. In addition, SP had lower percentages
of CD8+CD28+ cells, which could mean a decrease in the
activation of these cells. However, Chen and Qin found no
difference in the number of IFNy producing cells between
patients and HD?. Taken together, an improper T helper res-
ponse accompanied by a strong inflammatory environment
could result in the functional exhaustion of the cytotoxic
compartment and therefore a progression of the disease, re-
sulting in ARDS and subsequent death (Figure 4).

B cell responses: The production of neutralizing antibodies
against SARS-CoV-2 plays an important role in the late sta-
ges of infection and might provide long-lasting memory that
prevents reinfection*’. Qin and Chen found no difference in
the total numbers of B cells between SP and N-SP°'2. Howe-
ver, Chen reported differences in LB percentages between
these two groups™.

In a case report of one COVID-19 patient, the kinetics of an-
tibody-secreting cells (ASCs) was described. ASCs appeared
at the time of viral clearance (day 7), increasing significantly
on day 9. The expansion of these cells was accompanied by
an increase in circulating T follicular helper cells, which have
an important role in isotype switch and affinity maturation of
ASCs®'. Furthermore, when evaluating the transcriptional profi-
le in PBMCs of patients with COVID-19, the signaling pathways
related to humoral immune response mediated by circulating
immunoglobulin and B cells immunity were upregulated®2.

Antibodies: Antibodies against SARS-CoV-2 were found in all
patients samples one month after infection in both N-SP and
SP subjects**>%, Although no differences were found in either
global antibodies or complement proteins between patients
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Figure 4. Figure 4. Adaptive Immune Response against SARS-CoV-2. Overview of the adaptive immune changes between
severe (SP) and non-severe patients (N-SP). Elevated levels of IL-6 and TNFa in SP drive LT-CD4 and LT-CD8 exhaustion,
therefore reducing their ability to secrete effector cytokines such as IL-2, IFNy, Perforin B and GZMB. In addition, lower
levels of Tregs (dark green cells) accompanied by a higher production of specific antibodies against SARS-CoV-2, which
activate FcRy in macrophages, may be maintaining a proinflammatory environment, increasing tissue damage. Our current
model of adaptive immune response needs to be confirmed by further studies addressing CD4-CD8-ASC cell interplay as
well as the role of ADE in SP. ADE: Antibody Disease Enhancement; ASC: Antibody Secreting Cell; DC: Dendritic Cell.

and HD?, Zhang et al. proposed that some patients had higher
titers of antiphospholipid antibodies, including anticardiolipin
and anti-B2-glycoprotein, which has been associated with the
development of severe thrombosis and vascular injury?.

The presence of anti-Nucleocapsid (NP) or anti-Receptor Bin-
ding Domain (RBD) IgG against SARS-CoV-2 in the serum of
patients was correlated with neutralizing titers, therefore it is
safe to conclude that neutralizing antibodies naturally develop
in response to infection. The seroconversion of IgG and IgM of
anti-RBD antibodies developed first than that of anti-NP and,
surprisingly, the peak of seroconversion developed faster in SP.
Another striking finding was that IgG seroconversion happened
at the same time or even earlier than that of IgM, suggesting a
dysregulated antibody production’®'#>, IgM and IgG produc-
tion reached a plateau on day 15 and day 21, respectively®.

Higher production of antibodies is usually associated with a
better response to infection, therefore, Kelvin et al assessed
antibody titers in COVID-19 patients taking into account their
age and comorbidities in order to investigate whether the-
se could be affecting antibody production’. Patients with or
without comorbidities had similar levels of specific antibo-
dies, and no significant difference was found between elderly
and young adults, although the latter group always had a
lower viral load during the disease. They also concluded that
serum levels of these antibodies did not correlate with disea-
se severity'®, however two other studies found an associa-
tion between high levels of anti-SARS-CoV-2 antibodies and
worse outcome of the disease”. These last findings suggest
the possibility of development of Antibody Dependent En-
hancement during SARS-CoV-2 infection, indicating that SP
could be producing non-neutralizing antibodies that overs-
timulate the innate immune system, increasing production

of MCP1, IL-8, and IL-6 and thus aggravating the degree of
inflammation and tissue damage, as well as exacerbating the
previously mentioned lymphopenia”>3.

Question box: What immunological features
of certain individuals allow them to be better
equipped to resist or tolerate the infection?

« Could prior infections reprogram the immune system, modifying the
response to SARS-CoV-2?

« Could a tolerance-based approach rather than targeting the pathogen
itself could lead to better treatments?

« What is the role of immunosenescence and inflammaging in SARS-
CoV-2 infection?

«  Which are the best biomarkers associated with favorable prognosis?

» How does the immune profile changes, and to what extent in asymp-
tomatic and recovered patients?

« How could the immune system adapt to the possible emergence of a
mutated SARS-CoV-2 due to therapeutic pressure?

« Are there HLA molecules related to different outcomes?

« Are there any pulmonary morphologic characteristics that could con-
tribute to an exacerbated immune response?

« Which mechanisms prevent SARS-CoV-2 replication within infected
lymphocytes?

» Do the expression levels and functionality of the ACE2 receptor alter
the immune response?

Conclusions

Immune response-associated clinical parameters such as
lymphopenia, neutrophilia, and elevated levels of CRP and
ferritin effectively correlates with disease severity and prog-
nosis in SARS-CoV-2 infection. COVID-19 severe patients
display immune dysregulation characterized by a hyperin-
flammatory response and sustained cytokine production that
correlates with high mortality.
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Moreover, disease severity in COVID-19 patients strongly co-
rrelated with lower T cells numbers accompanied byan overall
lower Th1 cytokine production in CD4 cells. Concomitantly,
increased expression of exhaustion markers and decreased se-
cretion of effector cytokines in the CD8 compartment revealed
an impaired cytotoxic response, especially in severe Patients.
Considering that severe patients had a higher and faster rate
of specific antibody production, a proper cellular compartment
response seems to be more desirable for viral clearance.

Further research is needed to elucidate the immunological
features that allow certain individuals to be better equipped
to resist or tolerate the infection, therefore we propose some
outstanding questions (Question BOX) to address this issue.

Limitations

Our scoping review has some limitations. The amount of ori-
ginal research continues increasing, and the quality of the
research was not evaluated due to the recent development
of the disease and the lack of original research. Reviews and
comments rely on hypotheses, thus some of them must be
proved in basic and clinical research.
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