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ARTICLE INFO ABSTRACT

Keywords: Nowadays, Coronavirus disease (COVID-19) caused by the severe acute respiratory syndrome coronavirus 2
COVID-19 (SARS-CoV-2) is one of the most important health problems. The dynamics and nature of humoral responses are
SARS-CoV-2 relevant to determine the efficacy of both, diagnostic tests and developed vaccines. Since the role of IgA in the
IS%:: ceptibility COVID-19 disease is not fully understood, we have systematically reviewed the scientific literature on antibody

IgA immunity to SARS-CoV-2 to determine if IgA could be useful as a diagnostic tool or as a biomarker of
severity. We systematically reviewed 736 abstracts and identified 38 manuscripts relevant to include in the meta-
analysis. The seroprevalence of IgA in SARS-CoV-2 PCR (+) confirmed patients was 86.47% (CI: 5.27-178.21).
Furthermore, we found out that IgA can be produced on the first days of infection (10 days) and IgA is detected
until 75 days after symptomatic onset in some studies. We also observe that IgA production is stronger in severe
patients compared with mild or asymptomatic patients. Our research noticed a possible association between IgA

and protection; however, the possible role of IgA as a biomarker of protection or severity remains unclear.

1. Introduction

Near the end of 2019, cases of an unknown upper respiratory tract
infection began appearing in Wuhan, Hubei Providence, China (Li et al.,
2020). By early January 2020, it was determined that these infections
were caused by a novel coronavirus SARS-CoV-2 (Severe Acute Respi-
ratory Syndrome-CoronaVirus-2) inducing the disease named COVID-19
(Coronaviridae Study Group of the International Committee on Taxon-
omy of, 2020; Zhou et al., 2020). The average incubation period of
COVID-19 has a mean of 7.8 days, with a median of 5.01 days (Zaki and
Mohamed, 2021) and the response from the host vary from asymp-
tomatic, mild symptomatic and present also severe symptoms such as
acute respiratory distress syndrome (ARDS) and multi-organ dysfunc-
tion. Mucosal surfaces are key participants in the SARS-CoV-2 infection,
and therefore a host mucosal immune-defense could be protective. At
these mucosal surfaces, IgA, in the form of secretory IgA (S-IgA), is the
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predominant immunoglobulin while in the serum, monomeric IgA is the
second most abundant Ig class with a concentration of about 2 mg/mL
(Mestecky et al., 1986). S-IgA contributes to immune exclusion, a pro-
cess by which the adsorption of pathogens to mucosal surfaces is pre-
vented through agglutination. The multiple antigen binding sites of
S-IgA permits an efficient blocking activity (de Sousa-Pereira and Woof,
2019).

Several studies have correlated SARS-CoV-2-specific serum IgA titers
with the severity of COVID-19; the patients with severe disease pre-
sented substantially high specific serum IgA antibody levels after
symptom onset (Cervia et al., 2021). Conversely, the SARS-CoV-2 spe-
cific mucosal IgA response seems to correlate with protection, as in some
health workers with negative serum antibody titers, SARS-CoV-2 -spe-
cific IgA with virus-neutralizing capacity was detected in mucosal fluids
(tears, nasal fluid and saliva). It is important to highlight that mucosal
secretory IgA is able to neutralize viruses within the intracellular
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epithelial cells (Bidgood et al., 2014). Remarkably, increased mucosal S
protein-specific IgA titers were detected in the youngest individuals
compared with older individuals, this might explain its better capacity
to resolve SARS-CoV-2 infection than older people (Cervia et al., 2021).
The above-mentioned studies present a background regarding the
possible protective role that IgA can play against SARS-CoV2 infections,
both in serum and mucosal secretions.

The purpose of this study is to clarify whether IgA can serve as a
diagnostic marker or it has a protective role against SARS-CoV-2 and, if
enhancing this immunoglobulin could be beneficial for future treat-
ments. Here, we conducted a systematic review and meta-analysis of the
available published data to show the seroprevalence of IgA on COVID-19
patients and we discussed based on the published data the possible role
as an a early diagnostic tool or as biomarker of protection or severity.
Our analysis shows that IgA is produced more effectively in patients
after severe disease; we also found out that IgA production is mainly 10
days after the symptomatic onset. We can hypothesized the protective
role of IgA in SARS-CoV-2 infected patients and its key role in the early
phases of COVID-19. As far as we know, this is the first meta-analysis and
systematic review with accurate data related to the important role of the
IgA in COVID-19 patients and the feasibility of the new therapies
enhancing serum or mucosal IgA responses.

2. Materials and methods
2.1. Data retrieved

A systematic review of published data was conducted using PubMed
to identify cases of specific IgA production against SARS-CoV-2. We used
the following query terms in PubMed research papers: SARS-CoV-2 and
IgA OR COVID-19 and IgA. We used an additional screening with
different filters included.

Filter 1: ((Coronavirus and IgA [TIAB] OR SARS-CoV-2 and IgA
[TIAB] OR COVID-19 and IgA [TIAB] NOT review [Publication
typel).

Filter 2: ((SARS-CoV-2 and IgM [TIAB] OR COVID-19 and IgM
[TIAB] NOT review [Publication type] NOT prepreprint)).

Filter 3: ((SARS-CoV-2 and IgG [TIAB] OR COVID-19 and IgG [TIAB]
NOT review [Publication type] NOT prepreprint)).

Filter 4: ((SARS-CoV-2 and IgA [TIAB] OR COVID-19 and IgA [TIAB]
NOT review [Publication type] NOT prepreprint)).

Filter 5: ((SARS-CoV-2 and antibodies [TIAB] OR COVID-19 and
Antibodies [TIAB] NOT review [Publication type] NOT pre-
preprint)). Up to August 2021, we reviewed a total of 736 articles
from PubMed and 4 papers of the additional screening after duplicate
elimination; these articles were analyzed to eliminate non-SARS-
CoV-2 related IgA papers. The following exclusion criteria were
applied to articles: a) do not reported in the English language, b) used
for validation data or kit development, c¢) with no patient/disease
information or hospitalization data, d) reported as reviews, e) pre-
prints, f) in which there was not mentioned antibodies or IgG or IgA
or IgM in the abstract, g) meta-analysis h) patients with no PCR test,
i) preclinical data, and j) letters to the editor or opinion letters. A
total of 38 articles up to August 2021 were retrieved for the sys-
tematic review and the full texts were screened according to the
PRISMA statements (Liberati et al., 2009). The articles were analyzed
to determine the role of IgA in COVID-19 disease severity (possible
IgA protective role and whether it occurs in severe, mild or asymp-
tomatic patients.), we also analyzed IgA antibodies (which detect
different proteins of the virus), temporality of the IgA induction after
the PCR diagnostics (to know if the IgA is produced early or late) and
the seroprevalence of IgA against SARS-CoV-2 in PCR positive
patients.
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2.2. Risk of bias assessment

The NIH Study Quality Assessment tool was used to assess the risk of
bias and study quality for Systematic Reviews and Meta-Analyses
(https://www.nhlbi.nih.gov/health-topics/study-qualityassessm
ent-tools). Studies were initially rated as having good, fair, or poor
quality, and ratings were discussed to reach consensus. The complete
data and papers included in the meta-analysis were retrieved by a
standardized method for two authors (AMC and VRR) independently,
inconsistencies were resolved by consensus with a third reviewer (NRI).

2.3. Meta-analysis

We performed a metanalysis to determine the seroprevalence of IgA
in COVID-19 patients using the Microsoft Excel spreadsheet described by
Neyeloff (2012) with confidence intervals (CIs) of 95%, the forest plot
was performed too. We used the random-effects model according to
DerSimonian and Laird (2015) and we also used the inconsistency index
(1%) reported by George et al. (2019) to evaluate the heterogeneity. Low,
moderate, substantial, and considerable heterogeneity are represented
by cut-offs of < 30 %, 30-59 %, 60-75 %, and > 75 % respectively.

3. Results
3.1. Data recovered from the systematic review

The systematic procedure for the seroprevalence of IgA in COVID-19
patients is presented in Supplementary Figure 1. We identified 736
PubMed scientific articles filtered by their title and abstract according to
the inclusion and exclusion criteria (Section 2.1). After excluding irrel-
evant studies we identified a total of 2 576 subjects in 38 full-text articles
(with experimental data), see Supplementary Table 1

To determine the time for the IgA response to occur, scientific arti-
cles were classified according to the first and last time the immuno-
globulin was measured (see Fig. 1, articles with unspecified times of IgA
response were not included). The vast majority of the literature has re-
ported an IgA response within the first 10 days of the disease (early
responders appeared between 2 to 7 days after the symptoms onset) and
it remained detectable up to 75 days after the beginning of the illness.
Another important aspect revealed in the present meta-analysis is that
the severity of the symptoms seems to be related with an increase in the
IgA production and, interestingly, IgA might be appearing as early as
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Fig. 1. IgA responses in patients with SARS-CoV-2 infection. Graph of the early
and late times in which patients with SARS-CoV-2 infection developed/main-
tained IgA responses.
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IgM or IgG in the studies systematically analyzed (Supplementary
Table 1).

We added a commentary in the discussion section about the possible
roles of the IgA in the analyzed studies including the possible role of this
immunoglobulin in protection and viral clearance, as a biomarker of
severity and finally its possible utility as a diagnostic tool in early times
of infection. It is necessary to mention that our conclusions might be
limited/biased due to the fact that the results come from different assays
using different antigen preparations and tested under different assay
conditions.

3.2. Seroprevalence of IgA in COVID-19 PCR (+) confirmed patients

We analyzed 38 papers with a total of 2 576 COVID-19 patients
confirmed by PCR test (PCR (+)); based on the meta-analysis we ob-
tained a Q test = 31.62 giving an I? between 0 % and 40 % which means
that uncertainty might not be important, the obtained value means a
moderate heterogeneity in the analyzed articles and then, the random
effect model was used to combine the reported results of the studies. The
seroprevalence of IgA in COVID-19-PCR (+) confirmed patients was
86.47 % (CI: 5.27-178.21) (Fig. 2); additionally we performed the meta-
analysis by the fixed effect model with consistent results (data not
shown).

4. Discussion

COVID-19 disease is caused by the SARS-CoV-2 virus and currently
represents one of the most important health threats worldwide, the
control of the virus spread implies several challenges including the
creation and validation of good molecular and serologic diagnostic tests,
the development of possible treatments once the infection is established,
a better knowledge of immune responses before, during and after the
virus exposure and finally, the efficacy of the available vaccines. Almost
all the challenges mentioned are related to the production of antibodies,
mainly IgM and IgG, both have been widely used to measure the efficacy
of vaccines and to develop diagnostic tests. However, the role of IgA
(which is mainly a mucosal antibody) in the diagnosis, prognosis,
treatment of COVID-19 infection and/or vaccine efficacy and illness
severity remains not fully described.

Several studies have shown that IgM, IgG, and IgA antibodies against
the SARS-CoV-2 Spike and RBD proteins can be detected in saliva
(derived from acute and convalescent COVID-19 patients) (Sheikh-Mo-
hamed et al., 2022), however, exacerbated systemic and mucosal IgA
responses had been implicated in other pathologies too, for example in
IgA nephropathy (Layward et al., 1993).

It has been recently reported that serum IgG and mucosal IgA re-
sponses against Spike and Receptor Binding Domain (RBD) are unevenly
induced by SARS-CoV-2 mRNA vaccination and mucosal secretory IgA
responses are associated with protection against subsequent infection.
The authors found out that one immunization was able to induce sys-
temic and mucosal antibody responses as well as anti-Spike/RBD asso-
ciated secretory component in most participants. Besides, participants
who experienced breakthrough infections with SARS-CoV-2 variants
had lower levels of vaccine-induced serum anti-Spike/RBD IgA than
mRNA vaccinated participants, whereas IgG levels were comparable
between groups (Sheikh-Mohamed et al., 2022).

Here, based in a systematic review and meta-analysis, we propose
that IgA in serum has an important role in the early diagnosis of SARS-
CoV-2 infection as some papers suggest elsewhere. In a study published
by Chen (Huang et al., 2020), the IgA specificity (96.6 %) was higher
than the one for IgM or IgG; in another study, Guo et al. (2020) analyzed
samples in the early stages of COVID-19 patients finding a 92.7 % of
specific SARS-CoV-2 IgA while IgG and IgM were detected in only 77.9%
and 85.4%, respectively. Additionally, the study performed by Huang
et al. (2020), demonstrated the presence of IgA in the 100% of the
analyzed patients becoming more suitable than IgM or IgG in the early
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diagnosis of SARS-CoV-2 infection.

Here, we found an IgA seroprevalence of 86.47 % in PCR (+)
confirmed patients which supports the role of IgA as a diagnostic tool
together with IgG, and its possible role in the early diagnosis of COVID-
19 as useful as IgM. Some authors also proposed that IgA could be useful
in the later stages of COVID-19; the hypothesis for this is that IgA may
have a role in bridging the serological gap of the disease (Infantino et al.,
2021). The same authors reported that anti-SARS-CoV-2 IgA concen-
tration increases rapidly and is higher than the observed for IgM and IgG
in all the analyzed time points of the study. In another report, Orth and
coworkers found out a significant increase and a higher detection rate of
SARS-CoV-2-specific IgA at the 2nd week after symptoms onset (Orth--
Holler et al., 2020) making it detectable earlier than IgG (which
appeared until the third week after onset of symptoms). Due to all the
data mentioned before, the possible prognostic significance of IgA needs
to be clarified (Infantino et al., 2021). We propose that IgA could be used
along with IgG for the SARS-CoV-2 diagnostics in long periods after
symptomatic onset since (in this review) we found out that IgA can be
detected up to 75 days after symptomatic onset.

From our analysis it can be observed that the participation of IgA
might be beneficial in COVID — 19 patients because IgA (+) individuals
seem to have middle symptoms or they are asymptomatic, however, as
we stated before, these effects should be taken with cautious because
many of the results from the different analyzed articles come from
different assays with different antigens preparations and tested under
different conditions. Besides, the patients clinical data, sample taking
and time of infection also played as important factors which can influ-
ence the outcome of the IgA response. In a study published by Fourati et
al, they observed an inverse correlation between the viral load (from
nasopharyngeal swabs) and the titers of IgA in serum and patients who
died at day-28 displayed significantly lower titers of specific anti-S IgA
compared with patients still alive at 28 days (Fourati et al., 2020). In
another study, Bransetter et al showed that IgA indicates mucosal pro-
tection against the virus infection while IgG is a good indicator for
immunological memory, some authors have speculated that in patients
not severely affected by a SARS-CoV-2 infection, IgA plays a more
prominent role but data on the topic is still inconclusive (Brandstetter
et al., 2020). Furthermore, IgA production in severe critical patients has
been reported by Rijkers five days after the beginning of the symptom-
atology in hospitalized COVID-19 patients (along with IgG), however, its
role in disease progression remains unclear (Rijkers et al., 2020). We can
take into consideration the IgG implication in the protective role of IgA
as a synergic protective mechanism, or it could be possible that one of
these antibodies has a more important protective role. Moreover,
Garcia-Basteiro et al., found out that IgA responses can be detected and
peak earlier than IgM and IgG, which is consistent with previous reports
(Garcia-Basteiro et al., 2020; Hsueh et al., 2004; Sterlin et al., 2021),
however, they did not find correlation with protection because lower
IgA levels were found in participants without symptoms (Wilder-Smith
et al., 2005). Additionally, Sterlin et al., 2021 reported early SAR-
S-CoV-2-specific humoral responses dominated by IgA antibodies
contributing to virus neutralization; virus neutralization is more closely
related with IgA rather than IgM or IgG in the first weeks after symptom
onset. However they found that early SARS-CoV-2—-specific IgA response
is not associated with COVID-19 severity (Sterlin et al., 2021). We
proposed that IgA might be more useful in combination with IgG instead
of the IgG-IgM mix as the same authors (Garcia-Basteiro et al., 2020)
found that all severe and critical COVID-19 patients had higher IgA and
IgG levels, while only some severe and critical patients had elevated
levels of IgM.

Associations between nasal IgA responses, virus neutralization at the
mucosa, and less severe disease suggest the importance of assessing
mucosal immunity in larger natural infection cohorts.

Further studies must be directed to address whether differences in
functions may exist between serum and mucosal IgA responses. This is
important to clearly establish the precise roles of mucosal versus
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systemic IgA responses in protection or in immunopathology in COVID-
19.
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