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Objectives: Understanding the role of certain salivary components, such as TNF-⍺, IL-6, IL-10, lactoferrin,
lysozyme, IgG, IgA, and IgM, in airway defense during the ongoing SARS-CoV-2 pandemic is essential.
The salivary immune barrier of patients with COVID-19 may play a role in their prognosis. The present
study aims to evaluate the impact of SARS-CoV-2 on saliva composition.
Methods: A longitudinal study was carried out with male and female firefighters aged 24e48 years. The
study sample (n ¼ 34) was divided into 3 groups: asymptomatic volunteers with a negative polymerase
chain reaction (PCR) test for SARS-CoV-2 (group 1, Control, n ¼ 21); patients with symptoms of COVID-19
of less than 7 days’ duration and a diagnosis of SARS-CoV-2 infection by PCR (group 2, COVID-19, n ¼ 13);
and recovered patients from group 2 who were free of COVID-19 symptoms for at least 2 months (group
3, post-COVID-19 recovery, n ¼ 13). All groups underwent real-time PCR to detect the presence of SARS-
CoV-2, as well as analysis of the salivary concentrations of TNF-⍺, IL-6, IL-10, lactoferrin, lysozyme, IgG,
IgA, and IgM by the ELISA method.
Results: Lactoferrin concentrations were significantly decreased in the infected group (COVID-19) when
compared to those not infected by SARS-CoV-2 (control) (p ¼ 0.032). IgA concentrations were decreased
in the COVID-19 and post-COVID-19 groups compared to the control group (p ¼ 0.005 and p ¼ 0.016,
respectively). Comparison of the COVID-19 and post-COVID-19 groups also revealed an increase in IgM
concentrations during acute SARS-CoV-2 infection (p ¼ 0.010).
Conclusion: SARS-CoV-2 alters the composition of the salivary immune barrier.

© 2022 Japanese Association for Oral Biology. Published by Elsevier B.V. All rights reserved.
1. Introduction

In December 2019, a cluster of pneumonia cases of unknown
etiology emerged in Wuhan, China [1]. As the disease continued to
spread rapidly, an epidemiological and etiological investigation
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detected a novel type of coronavirus [2]. This infection was named
coronavirus disease 2019 (COVID-19) by the World Health Orga-
nization (WHO) [3]. In a short time, the virus spread globally and
was declared a public health emergency of international concern by
WHO [4].

Coronaviruses (CoVs) are enveloped, single-stranded RNA vi-
ruses belonging to the Coronaviridae family [5]. Person-to-person
spread occurs through close contact, either with patients or with
asymptomatic carriers [6]. Close contact or short-range trans-
mission of infectious saliva droplets is the primary mode of SARS-
CoV-2 spread, while long-range transmission of saliva via aero-
sols is highly dependent on the environment, occurring mostly in
aerosol-generating indoor settings [7]. Once in the body, the
rights reserved.
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coronavirus enters host cells by binding via its spike glycoprotein to
the angiotensin-converting enzyme II (ACE2) receptor [5,8]. After
fusion, viral RNA is released into the cytoplasm and forms a com-
plex for replication and transcription, which will produce proteins
for the assembly of new virions [6].

COVID-19 has an incubation period of approximately 4e6 days
[9]. It affects mostly males (55.6%), with a mean age of 46.62 years
[10], although the age range is quite broad [11,12]. The clinical
manifestations of COVID-19 are protean, varying widely in terms of
both symptoms and severity. Signs and symptoms include fever,
conjunctival injection, headache, cough, hemoptysis, fatigue,
nausea, vomiting, diarrhea, arthralgia, dyspnea, anorexia, myalgia,
abdominal pain, and weakness [4,13]. Fever, cough, and dyspnea
are the most common manifestations [14].

The innate immune response is the first to be triggered in the
presence of the virus, inducing the expression of inflammatory
factors, dendritic cell maturation, and interferon (IFN) synthesis;
this speeds virus phagocytosis by macrophages, thus slowing its
spread [15]. However, previous studies of SARS-CoV-2 have shown
that its N protein is capable of interfering with the RNA recognition
step of the innate immune response, thus suppressing IFN syn-
thesis [16].

The adaptive immune response begins with the activation of
CD4 and CD8 T lymphocytes, which aim to stimulate the production
of antibodies by B cells and pro-inflammatory cytokines by T cells,
respectively. Another mechanism of CoV pathogenesis is the inhi-
bition of T-cell functions, culminating in their apoptosis [5]. During
the disease course, there is an increase in levels of cytokines such as
interleukins (IL) (IL-1, IL-2, IL-4, IL-7, IL-10, IL12, IL-13, IL-17),
granulocyte-macrophage colony-stimulating factor (GM-CSF), IFN
gamma, and tumor necrosis factor; this is one of the major mech-
anisms implicated in clinical deterioration [6,17].

Saliva is a fluid secreted by salivary glands in the oral cavity. It is
composed of water, electrolytes, and proteins, among other con-
stituents. Among the component proteins of saliva, lactoferrin,
lysozyme, cytokines, and immunoglobulins are key, as they act as a
first line of immune defense against the entry of harmful agents
[18].

Lactoferrin (Lf) is a naturally occurring, multifunctional globular
glycoprotein present in saliva, tears, sperm, and colostrum, with the
highest available concentrations in the latter. In vitro, Lf has shown
antiviral efficacy against a wide range of viruses, including SARS-
CoV-2. In addition, it has unique immunomodulatory and anti-
inflammatory effects that may be especially relevant to the path-
ophysiology of severe cases of COVID-19 [19].

Lysozyme, in turn, is an enzyme capable of hydrolyzing bacterial
cell wall bonds. It can be found in tears, mucus, breast milk, and
saliva. By its mechanism of action, it contributes to the immune
response against infections [20].

Cytokines are glycoproteins capable of modulating the host in-
flammatory response. Interleukin 6 (IL-6) and tumor necrosis
factor-alpha (TNF-⍺) are two of the main pro-inflammatory cyto-
kines. IL-6 is released by macrophages and T cells, playing an
important role in fever induction and in the response to acute
inflammation, stimulating the production of other cytokines and B
cell growth. TNF-⍺ is produced by macrophages, lymphocytes, and
monocytes, and its release recruits neutrophils and monocytes to
the site of inflammation [21].

Conversely, interleukin 10 (IL-10) is a major immunosuppres-
sant and antipyretic agent. It is a macrophage deactivating factor
and has neutrophil-inhibiting effects. In fact, some infectious
agents induce IL-10 synthesis or encode their own IL-10 homologs,
resulting in suppression of the host immune response [22]. There
are five different classes of immunoglobulins (IgM, IgG, IgE, IgA, and
IgD). IgA protects against infections of the mucous membranes that
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line themouth, airways, and gastrointestinal tract. It is also found in
saliva, tears, and breast milk. IgM is the first immunoglobulin to
appear in the immune response, clearing pathogens in their earliest
stages. IgG is the main type of antibody (accounting for three-
quarters of total blood immunoglobulin), especially in secondary
responses, and its levels can be elevated in several conditions,
including autoimmune diseases and infections. It is capable of
entering tissues to fight infection [23].

Understanding the role of certain salivary components in airway
defense is essential in a pandemic such as COVID-19. Furthermore,
saliva itself offers an ecological niche for colonization by oral mi-
croorganisms, which can prevent the overgrowth of other, more
aggressive pathogens. It is also useful as a noninvasive diagnostic
tool for virus detection and surveillance of immune status. On the
other hand, it is also the main substrate for viral transmission,
through droplets and aerosols [24].

In COVID-19, respiratory failure is the dominant condition in
more severe cases, whether due to diffuse alveolar damage caused
by inflammation or to direct infection of the lung tissues. Since
secondary pulmonary infections can be partially facilitated or
hindered by changes in the innate and adaptive barriers of the
upper airways, such as saliva, research into the effects of SARS-CoV-
2 on the oral mucosa is essential to understand whether this virus
modifies this immune barrier and, if so, how and to which extent
this influences its penetration into the host [25].

2. Materials and methods

2.1. Population

This longitudinal study was carried out on a sample of fire-
fighters from the city of S~ao Paulo, of both sexes, aged between 24
and 48 years. The project was approved by the Research Ethics
Committee and registered on Plataforma Brasil (CAAE:
39223320.9.1.1001.5505).

The inclusion criteria were age between 18 and 65 years and
having passed the annual fire department physical evaluation. The
exclusion criteria were: unwillingness to participate in the study;
chronic or acute sinusitis; history of chronic diseases of the oral
cavity, pharynx, or larynx; systemic or autoimmune diseases; and
chronic intake of corticosteroids and/or anti-inflammatory drugs
up to one month before specimen collection.

The sample comprised 34 volunteers. For research purposes, it
was divided into 3 groups: asymptomatic volunteers with a nega-
tive PCR test for SARS-CoV-2 (group 1, Control, n ¼ 21); patients
with symptoms of COVID-19 of less than 7 days’ duration, no in-
dications for hospital admission, and a diagnosis of SARS-CoV-2
infection by PCR (group 2, COVID-19, n ¼ 13); and participants
from group 2 once they had been free of COVID-19 symptoms for at
least 2 months (group 3, recovery, n ¼ 13). In all groups, concen-
trations of TNF-⍺, IL-6, IL-10, lactoferrin, lysozyme, IgG, IgA, and
IgM in saliva were analyzed.

2.2. Laboratory testing of collected specimens

Participants’ saliva was stored at �80 �C at an Otorhinolaryn-
gology Research Laboratory where TNF-⍺, IL-6, IL-10, lactoferrin,
lysozyme, IgG, IgA, and IgM measurements were also performed.

Cytokines (IL-6, IL-10, and TNF-a) were quantitated using
commercial ELISA assays (Thermo Fisher Scientific, Invitrogen,
Vienna, Austria; catalog numbers 88-7066, 88-7106, and 88-7346
respectively), following the manufacturer's instructions, and re-
sults expressed as pg/mL. The antimicrobial peptides (lactoferrin
and lysozyme) were also measured by ELISA (EZ Assays, Florida,
USA). Results were expressed as mg/mL for lactoferrin and ng/mL for



J.G.O. Santos, D.P. Migueis, J.B. Amaral et al. Journal of Oral Biosciences 64 (2022) 108e113
lysozyme (catalog numbers Ck-bio-12222 and Ck-bio-12360,
respectively).

Concentrations of anti-SARS-CoV-2 IgA, IgM, and IgG were also
determined by ELISA in the saliva specimens. Reaction plates were
coated with optimal concentrations of SARS-CoV-2 N, M, and S
antigens. After blocking of non-specific binding sites, saliva speci-
mens were diluted in PBS-Tween 0.1% buffer containing 1MNaCl, at
a 1:2000 ratio for IgA and IgM and 1:5000 for IgG, added to the
previously coated and blocked plate, and left to incubate for at least
2 h at 37 �C. After incubation and washing of each well of the plate,
human anti-IgA (1:2000), anti-IgM (1:2000), and anti-IgG
(1:10,000) conjugate were added and the plate kept for at least
1 h at 37 �C. The reaction was assessed by adding TMB solution to
each well of the plate, followed by a stop buffer (4N H2SO4) to
interrupt the reaction. The reaction was then read at 450 nm in a
microplate reader (Labsystem Mulitskan MS).

The measured concentrations of antimicrobial peptides (lacto-
ferrin and lysozyme), cytokines (IL-6, IL-10, TNF-⍺), and immuno-
globulins (IgA, IgM, and IgG) in salivawere then compared between
groups to assess the impact of SARS-CoV-2.
2.3. Statistical analysis

Data were analyzed in Jamovi version 1.8.4. Quantitative vari-
ables were described as mean (standard deviation) or median
(interquartile range) as appropriate. The ShapiroeWilk test was
used to test the assumption of normality for quantitative variables.
Between-group homogeneity of age and sex distribution was
evaluated using Student's t-test for independent samples and
Fisher's exact test, respectively. The nonparametric Wilcoxon test
was used to compare the expression of the markers of interest
between the COVID-19 and post-COVID-19 groups. Comparisons
among the COVID-19, post-COVID-19, and Control groups were
performed using Student's t-test or the nonparametric
ManneWhitney test. P-values <0.05 were considered statistically
significant.
3. Results

First, groups were examined for homogeneity regarding age and
sex. Table 1 below presents descriptive statistics for these two
variables across groups, with the respective p-values.

The results indicate that there is a significant difference in
participant age between the groups (p ¼ 0.019). On average, par-
ticipants in the COVID-19 group were 5.3 years older than those in
the control group. No significant difference was found regarding
sex distribution (p ¼ 1).

Analysis of TNF-⍺, IL-6, IL-10, lactoferrin, lysozyme, IgG, IgA, and
IgM was done considering comparisons of the study groups
(COVID-19 and post-COVID-19) with the control group, as well as
comparison of the two-time points of evaluation of the study
groups (COVID-19 versus post-COVID-19) (Table 2; Fig. 1; Fig. 2).

Compared to the control group, the COVID-19 group had sta-
tistically significant reductions in lactoferrin (p ¼ 0.032) and IgA
Table 1
Comparison of groups by age and sex.

Variable Category Grou

Con

Age (years) Mean ± SD Range (minemax) 34.4
Sex Male 19 (

Female 2 (9

*p < 0.05.
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(p ¼ 0.005). IgA also remained below control levels in the post-
COVID-19 group (p ¼ 0.016). IgM concentrations were increased
in the acute phase of infection (i.e., the COVID-19 group), with
p ¼ 0.01. The post-COVID-19 group showed a decrease in IL-10
concentrations compared to the control (p ¼ 0.011). There was no
statistically significant difference in between-group comparisons of
TNF-⍺, IL-6, lysozyme, or IgG.
4. Discussion

Although there is a statistical difference in age between the
control group and the infected group, this difference was not
clinically important, as the mean age ranged from 34 to 39 years
between groups. Regarding sex, studies have reported an alter-
nating predominance among those infected with SARS-CoV-2
[13,26]. In our study, as our sample was composed of firefighters
and firefighting is a predominantly male occupation, a higher
prevalence of male patients was expected. No significant difference
in sex distribution was found between the control and COVID-19
groups.

The pro-inflammatory cytokines IL-6 and TNF were not signifi-
cantly altered in patients with COVID-19, suggesting that there was
no intense inflammatory response in the saliva. However, a
decrease in concentrations of IL-10 was observed in the post-
COVID-19 group when compared to the control. This cytokine
promotes immune regulation, inactivating macrophages and
limiting the inflammatory response. A prior study, however, found
that one of the features of the immune response in COVID-19 is
marked elevation of serum concentrations of IL-10, especially in
patients with a severe and critical illness. Although the exact
mechanism of this response remains unknown,meta-analyses have
found that high levels of IL-10 could be used as predictors of disease
severity. In short, this cytokine is believed to play a prognostic role
in the pathophysiology of SARS-CoV-2 infection [22]. In blood
samples from 102 hospitalized patients with COVID-19, categorized
into moderate, severe, and critical conditions, high serum con-
centrations of TNF-⍺, IFN-gamma, IL-2, IL-4, IL-6, and IL-10 were
found in comparison to a control group. The same study also found
that measurement of IL-6 and IL-10 could be used as a rapid means
of identifying patients at higher risk of progressing to severe dis-
ease [18].

Research has reported elevation of IL-1, IL-2, IL-4, IL-7, IL-10,
IL12, IL-13, IL-17, GM-CSF, IFN-gamma, TNF during the disease
course of COVID-19, and suggested that this is one of the major
mechanisms implicated in clinical deterioration [6,17]. Many
studies have measured cytokine levels in the peripheral blood of
critically ill patients during the acute phase of illness, unlike this
study, in which salivary cytokine levels were evaluated in patients
with mild COVID-19. In contrast, Merza et al. compared cytokine
levels in the blood of patients with moderate COVID-19, severe
COVID-19, and recovered from COVID-19, and found IL-10 con-
centrations to be significantly higher in the group of recovered
patients compared to those with active disease; this may corrob-
orate its role in regulating inflammation [27].
p p*

trol (n ¼ 21) COVID (n ¼ 13)

± 6.0 (24e44) 39.8 ± 6.4 (28e48) 0.019*
90.5%) 12 (92.3%)
.5%) 1 (7.7%) 1



Table 2
Comparative analysis of cytokines in saliva of study groups (COVID-19 and post-COVID-19) and control group.

Variable Group n Mean ± sd Median (IQR) p* (COVID-19 vs.
post-COVID-19)

p** (COVID-19 vs.Ctrl) p* (post-COVID-19 vs.
Ctrl)

TNF-a COVID-19 13 75.4 ± 51.2 56.3 (10.1)
Post-COVID-19 13 57.7 ± 21.2 53.6 (20.9)
Control 21 64.1 ± 32.7 52.5 (9.7) 0.946 0.405 0.701

IL-6 COVID-19 13 8.25 ± 2.14 7.54 (1.27)
Post-COVID-19 13 7.83 ± 1.51 7.38 (1.07)
Control 21 9.41 ± 6.59 8 (0.78) 0.839 0.523 0.190

IL-10 COVID-19 13 10.01 ± 2.05 9.51 (2.74)
Post-COVID-19 13 9.08 ± 1.17 8.55 (1.29)
Control 21 10.83 ± 2.02 11.11 (2.75) 0.244 0.263 0.011*

Lactoferrin COVID-19 13 5.82 ± 6.99 3.39 (3.08)
Post-COVID-19 13 7.97 ± 5.93 5.34 (9.4)
Control 21 8.43 ± 6.94 6.12 (3.2) 0.191 0.032* 0.861

Lysozyme COVID-19 13 61.2 ± 31.4 45.7 (28.6)
Post-COVID-19 13 56.6 ± 37.3 43.1 (25.1)
Control 21 46.2 ± 22.0 37.6 (26.4) 0.588 0.111 0.478

IgG COVID-19 13 0.073 ± 0.015 0.077 (0.021)
Post-COVID-19 13 0.085 ± 0.063 0.067 (0.006)
Control 21 0.094 ± 0.037 0.098 (0.053) 0.376 0.064 0.178

IgA COVID-19 13 0.173 ± 0.048 0.148 (0.075)
Post-COVID-19 13 0.193 ± 0.066 0.195 (0.059)
Control 21 0.290 ± 0.202 0.225 (0.068) 0.376 0.005* 0.016*

IgM COVID-19 13 0.557 ± 0.995 0.233 (0.216)
Post-COVID-19 13 0.146 ± 0.067 0.153 (0.106)
Control 21 0.230 ± 0.205 0.177 (0.108) 0.010* 0.292 0.381

sd: standard deviation.
*Nonparametric Wilcoxon test; p < 0.05.
**Student's t-test for independent samples or nonparametric ManneWhitney test; p < 0.05.

Fig. 1. Median; 25%e75%; minimumemaximum considering COVID-19 group, post-COVID-19 group, and control group. TNF, IL-6, IL-10 and Lactoferrin.
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In the present study, there was no significant difference in IL-6
concentrations between the control and COVID-19 groups. How-
ever, in other studies which evaluated serum levels of inflamma-
tory markers, IL-6 values were found to be increased in patients
with COVID-19. Furthermore, this increase occurred progressively
with the severity of the condition. In addition, some studies re-
ported that IL-10 levels increased earlier than those of IL-6 in the
111
blood of critically ill patients [22]. As a pro-inflammatory cytokine,
IL-6 is commonly increased in sepsis, acute respiratory distress
syndrome, and in major burns [28]. Similarly, in another study with
oral samples, the increase of IL-6, IL-5, IL-2, and TNF-⍺ in the
COVID-19 group was correlated to a distinctive microbiota: smaller
species richness and predominance of Prevotella salivae and Veilo-
nella infantium, which shows the importance of these changes [23].



Fig. 2. Median; 25%e75%; minimumemaximum considering COVID-19 group, post-COVID-19 group, and control group. Lysozyme, IgG, IgA and IgM.
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Other results were found in analyzes of patients infected with
influenza A (H1N1) during the 2009 pandemic. In these individuals,
significantly elevated concentrations of IL-2, IL-12, IFN-gamma, IL-
6, TNF-⍺, IL-5, IL-10, IL-17, and IL-23 were observed in comparison
with healthy controls. Furthermore, even more, marked elevations
of IL-6 and IL-10 were observed in patients with severe disease
during the pandemic [29]. Our study suggests that levels of in-
flammatory markers in the saliva may not correspond to the sys-
temic inflammatory process of COVID-19, at least in mild to
moderate cases.

The decrease in lactoferrin in acutely infected patients suggests
a loss of antiviral protection against a wide range of viruses,
including SARS-CoV-2. Furthermore, as lactoferrin has unique
immunomodulatory and anti-inflammatory effects that may play
an important role in the pathophysiology of severe cases of COVID-
19 [19], these patients may be susceptible to secondary airway
infections.

The role of lactoferrin in the treatment of SARS-CoV-2 infection
is still being studied. One of the ways this protein may prevent
COVID-19 is by interfering with receptors used by the virus to bind
to the host cells, such as heparan sulfate proteoglycans. In addition,
lactoferrin is involved in the sequestration of iron and inflamma-
tory molecules, which are elevated in a viral infection-induced
cytokine storm. Furthermore, lactoferrin improves NK cell activity
and stimulates neutrophil aggregation, both of which are important
in the immune response against infectious diseases [30].

Regarding IgA, we found reduced concentrations of this
immunoglobulin among patients who contracted COVID-19, and
this reduction persisted even after recovery. As IgA protects against
infection of the mucous membranes that line the oral cavity, air-
ways, and digestive tract [21], reduced levels may compromise this
defense mechanism and facilitate infection by SARS-CoV-2 and by
other pathogens, both during and after infection.

Our findings are interesting insofar as they raise the question of
whether IgA production was impaired by SARS-CoV-2 infection
(which would have repercussions for the development of second-
ary infections) or whether patients with a preexisting low level of
IgA were thus predisposed to SARS-CoV-2 infection. The latter hy-
pothesis is most tempting because IgA levels remained low after
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complete recovery from COVID-19 symptoms. Further studies are
needed to elucidate this finding.

Analysis of IgM concentrations showed an expected increase in
the acute phase of the infection, followed by a decline in the
convalescent phase. Despite the small sample size and the pre-
dominance of young males with no co-morbidities as participants,
we believe that the changes observed in salivary lactoferrin and IgA
suggest impairment of the immunoprotective mechanisms of the
mucosal barrier in patients infected with SARS-CoV-2. Further
studies are necessary to elucidate these causal links and their
prognostic role for host responses.

5. Conclusion

The findings of this study demonstrate that the salivary immune
defenses are altered in patients with COVID-19, with a particular
decrease in lactoferrin and IgA concentration and an increase in
IgM concentration.
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