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ARTICLE INFO ABSTRACT

Keywords: Aim: This study aims to verify whether standardized saliva collection is suitable for SARS-CoV-2 molecular
SARS-CoV-2 detection and IgA measurement.

Naso-pharyngeal swab Methods: 43 COVID-19 inpatients and 326 screening subjects underwent naso-pharyngeal (NP)-swab and saliva
Saliva

collection (Salivette). Inpatients also underwent repeated blood collections to evaluate inflammation and organs
involvement. In all patients and subjects, SARS-CoV-2 (gene E) rRT-PCR was undertaken in saliva and NP-swabs.
Salivary IgA and serum IgA, IgG, IgM were measured on inpatients’ samples.

Results: NP-swabs and saliva were both SARS-CoV-2 positive in 7 (16%) or both negative in 35 (82%) out of 43
patients successfully included in the study. NP-swabs and saliva results did not perfectly match in one patient
(saliva positive, NP-swab negative). Positive molecular results were significantly associated with disease dura-
tion (p = 0.0049). 326/326 screening subjects were SARS-CoV-2 negative on both NP-swabs and saliva. Among
the 27 saliva samples tested for IgA, 18 were IgA positive. Salivary IgA positivity was associated with pneumonia
(p = 0.002) and CRP values (p = 0.0183), not with other clinical and molecular data, or with serum im-
munoglubulins.

Conclusions: A standardized saliva collection can be adopted to detect SARS-CoV-2 infection in alternative to NP-

Salivary IgA

swabs. Preliminary data on salivary IgA support the use of saliva also for patient monitoring.

1. Introduction

The rapid detection of SARS-CoV-2 is of utmost importance in
identifying symptomatic and asymptomatic infected subjects, whose
isolation has been proven effective in limiting viral spread [1-3]. For
diagnosis of the disease, the World Health Organization (WHO) re-
commends naso-pharyngeal swab molecular testing in the presence of
clinical and epidemiological factors [4]. Although it is sensitive and
specific, molecular testing of naso-pharyngeal swabs has some limita-
tions: sample collection requires expert personnel while the analytical
process takes time and requires laboratories to implement molecular
diagnostics [3,5,6]. Overall, these limitations, especially in a pandemic,
might compromise the provision of numerous timely performed tests. In
order to speed up analyses while enhancing health care workers’ safety,
some authors have proposed swab self collection and/or naso-phar-
yngeal swabs pooling before analysis [7-10]. Both proposals have
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drawbacks: 1. Patients’ self-collected swabs could generate false nega-
tive results due to sampling errors caused by the lack of specific training
and the patient’s spontaneous resistance to correctly introducing the
swab into his/her oral and/or nasal cavities; 2. Although pooling of up
to 10 samples has been shown to produce reliable results, this approach
could miss positive cases in the presence of a low viral load, i.e. the
threshold cycle (Ct) of rRT-PCR is higher than 35 [8,10]. A search
should therefore be made for alternative strategies, in order to speed up
SARS-CoV-2 identification without decreased test sensitivity.

Saliva testing has been proposed as a valid alternative to naso-
pharyngeal swabs for detecting viral RNA sequences [5,6,11-15].

Saliva droplets, in fact, appear to be the main vehicle of viral
spread, and the salivary glands are reportedly not only an infection
target, but also a potential SARS-CoV-2 virus reservoir [16,17]. In view
of the potential infectivity of saliva, this biological fluid might be used
for diagnostic purposes, having advantages over naso-pharyngeal swab,
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involving an easier collection procedure. The non-invasive nature of
saliva collection would enhance patients’ compliance in repeated
testing and the simplicity of the procedure facilitates self-collection
without specific training being required. However, the collection mode
should be carefully evaluated, as otherwise collection itself might incur
a risk of disease spread [17]. Some Authors have suggested ‘cough up’
by clearing the throat for saliva sample collection [13,14] and others,
‘passive drool’ [7], although saliva might also be collected by in-
troducing different absorbent materials into the oral cavity, or by sti-
mulation with citrate [12]. The saliva collection methods described,
including spitting and cough, might generate harmful aerosol and
droplets and might also result in patient-to-patient variability due to
incorrect sample collection, ultimately decreasing test sensitivity. The
search for a standardized saliva collection method that minimizes the
risk of droplets or aerosol transmission is therefore recommended [12].

Another approach for SARS-CoV-2 diagnosis is the analysis of IgA,
IgG and IgM class antibody by immunometric techniques in sera or by
rapid immunochromatographic assays in whole blood [5,6,18]. Anti-
bodies appear in blood one to two weeks after disease onset, their peak
values starting to decline after three to four weeks [19]. Their identi-
fication in asymptomatic subjects might aid in the identification of
healthy disease carriers. Antibodies could also be found in saliva, being
blood-derived or directly produced by the mucosa-associated immune
cells [12,20]. Also, in this respect, saliva should offer advantages over
serum/blood. In fact, although blood sampling is only minimally in-
vasive, some patients, particularly children and their parents, might not
be compliant. Since the majority of infected children are asymptomatic,
they are a potential source of viral spread within their family, and in the
community [21]. Screening children, therefore, appears to be a crucial
step in limiting viral spread. To do this, repeated naso-pharyngeal
swabs and/or blood testing might lower their compliance, but the direct
search in saliva for viral RNA and antibodies might represent a non-
invasive “one sample two tests” approach that enhances the success of
screening programs, especially if new waves are expected in the near
future, as has already occurred in countries that first experienced the
pandemic [2]. Large-scale testing with contact-tracing and household
quarantine are suggested as the most effective strategy to prevent a
second pandemic wave and this strategy might benefit from easy to
handle specimens alternative to naso-pharyngeal swabs, as saliva
[22,23].

The aim of the present study was to verify whether standardized and
safe saliva collection is suitable for SARS-CoV-2 molecular detection
and IgA class antibodies measurement.

2. Patients and methods

From 7 to 17 April 2020 we studied a total of 49 COVID-19 patients
hospitalized at the University-Hospital of Padova (Italy) in two units:
tropical and infectious diseases and semi-intensive care. Thirty-three
were males (mean age 64 years, range 29-86 years) and 16 females
(mean age 60 years, range 25-94 years), with no significant difference
between the ages of the two groups (Student’s t test: 1.0369,
P 0.3051). Clinical data of the patients studied are reported in
Table 1.

Table 1
Clinical data of the patients studied.

Symptoms Males (n = 33) Females (n = 16) Fisher's exact test
Fever > 37.5°C 30 (91%) 9 (56%) p < 0.01
Dyspnoea 22 (67%) 5 (31%) p < 0.05
Pneumonia 29 (88%) 10 (63%) p = 0.06
Gastrointestinal 7 (21%) 10 (63%) p < 0.01
Anosmia/Ageusia 7 (21%) 2 (13%) p=0.70

Other 18 (55%) 9 (56%) p = 1.00

Significant p values are reported in bold face.
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On admission, all patients were SARS-CoV-2 positive at naso-phar-
yngeal swab. During hospitalization they underwent repeat naso-
pharyngeal swab collection for SARS-CoV-2 molecular testing, per-
formed as described by us elsewhere [24]. Blood samples were also
obtained to evaluate cell blood count, coagulation parameters (Pro-
thrombin Time-PT, Partial Thrombplastin Time-PTT) and biochemical
markers evidencing any systemic inflammation (C-reactive protein-CRP
and fibrinogen), renal (creatinine) and liver (aspartate amino-
transferase-AST, alanine aminotransferase- ALT, Bilirubin, alkaline
phosphatase-ALP and gamma-glutamyl transferase-GGT) function, as
well as heart (troponin I and brain natriuretic peptide-BNP) and pan-
creatic (amylase) involvement, measured using standard laboratory
methods.

Haematological and biochemical data at admission and study en-
rolment were retrieved from the Laboratory Information System (LIS)
repository of the University-Hospital of Padova.

After patients had given their fully informed consent (Local Ethic
Committee Nr. 27444), patients were enrolled in the study, and asked
to collect a saliva sample immediately before a naso-pharyngeal swab
was taken for analysis. Saliva was collected using Salivette® tubes
containing a cotton swab without preparation (SARSTEDT AG & Co,
Niimbrecht, Germany), patients being asked to remove the cotton swab
from the Salivette® and chew it for about one minute to stimulate sal-
ivation. Finally, the patients had to return the swab with the absorbed
saliva to the Salivette® and replace the stopper; 43/49 patients col-
lected enough saliva and were successfully included for study purposes.
The Salivette® were stored at 4 °C immediately after collection and
centrifuged at 4000g for 5 min within 3 h from collection in order to
ensure that saliva samples were clear. An aliquot of saliva (300 uL) was
analysed for SARS-CoV-2 gene E by means of Real-Time reverse-tran-
scription polymerase chain reaction (rRT-PCR), the remaining material
being stored at —80 °C for no more than one month before testing for
antibodies. In all cases, saliva SARS-CoV-2 molecular testing was per-
formed in parallel with naso-pharyngeal swab analysis.

To verify whether threshold cycles (Ct) values resulting from rRT-
PCR were correlated with decreasing SARS-CoV-2 viral load, Digital
Droplet PCR (ddPCR) was performed on samples for which: (a) both
saliva and naso-pharyngeal swab molecular testing was positive, and
(b) sample volume was sufficient for performing the analysis.

All the procedures were undertaken following the manufacturer’s
instructions for the QX200 AutoDG Droplet Digital PCR System using
the One-Step RT-ddPCR Advanced Kit for Probes (Bio-Rad). The ddPCR
reaction mixture contained 20 X primers and probe mix (final con-
centrations of 900 and 250 nM, respectively), and 5 forpl RNA template
in a final volume of 22 pL. Twenty microliters of each reaction mix was
used to generate droplets with the AutoDG droplet generator (Bio-Rad).
Droplet-partitioned samples were then transferred to a 96-well plate,
sealed and cycled in a T100 Thermal Cycler (Bio-Rad) under the fol-
lowing cycling protocol: 50 °C for 1 h (reverse transcription), 95 °C for
10 min (DNA polymerase activation), followed by 45 cycles at 95 °C for
30 s (denaturation) and 60 °C for 1 min (annealing/extension) followed
by enzyme deactivation at 98 °C for 10 min, and infinite 4-degree hold.
The cycled plate was then transferred and read in the FAM and VIC
channels using the QX200 Reader (Bio-Rad).

In a subset of 27 patients for whom saliva samples were available,
salivary IgA were measured by means of an ELISA assay specific for IgA
antibodies against S1 SARS-CoV-2 domain (Euroimmun Medizinische
Laboradiagnostika, Luebeck, Germany) according to the manufacturer’s
inserts after optimization for saliva. Seven saliva samples, two from
healthy subjects and 5 from COVID-19 patients, were diluted 1:50,
1:100 (as recommended for serum) and 1:200. The absorbance at
450 nm was lower than the negative control in 4 serially diluted saliva
samples. The 450 nm absorbance was measurable in three serially di-
luted clinical samples (sample#1: Absssonm 1:50 = 0.608, AbSssonm
1:100 0.294, Absssonm 1:200 0.165; sample#2: Absssonm
1:50 0.265, Absssonm 1:100 0.135, Absssonm 1:200 0.081;
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sample#3: Absss0nm 1:50 = 0.204, Absssonm 1:100 = 0.130, Absssonm
1:200 = 0.063). For further saliva testing the 1:50 dilution was chosen.
Salivary IgA were assayed using samples from 10 health care employers
with negative naso-pharyngeal swabs results. The mean =+ SD of the
Absysonm Were 0.030 = 0.02 and the mean ratio = SD with respect to
the calibrator was 0.05 * 0.03. Patients’ salivary IgA were classified as
positive when the ratio between saliva sample and the calibrator
Abs4sonm Was higher than 0.300 [2*(Mean + 3SD of controls)].

Serum IgA, IgG and IgM at enrolment were measured by an ELISA
assay based on whole-virus antigens (ENZY-WELL SARS-CoV-2, DIESSE
Diagnostica Senese Spa, Monteriggioni, Siena, Italy) according to the
manufacturer’s inserts.

From 22 to 30 April 2020, a total of 326 subjects were enrolled with
the aim of screening the population and conducting a second, pro-
spective phase of the study. Each subject underwent naso-pharyngeal
swab and saliva sample collection by means of Salivette®. rRT-PCR was
performed in parallel on naso-pharyngeal swab and saliva samples.

The statistical analysis of data was made with binary logistic re-
gression, Spearman’s correlation, and Student’s t test for paired and
unpaired data using STATA 13.1 statistical software (StataCorp, 4905
Lakeway Drive, USA).

3. Results

Naso-pharyngeal swabs collected at enrolment were positive for
SARS-CoV-2 in 9/49 patients. Saliva was available for 43 patients, in-
cluding 8/9 SARS-CoV-2 positive cases. Considering the 43 patients for
whom saliva and naso-pharyngeal testing was performed in parallel, 7
cases shared positive and 35 shared negative results. For one patient,
saliva was positive (Ct = 26) but the naso-pharyngeal swab was ne-
gative. Positive naso-pharyngeal swab or saliva results were correlated
with the duration of symptoms, not with the duration of hospitalization,
as shown in Table 2.

The significant association between disease duration and naso-
pharyngeal swab or saliva positive findings was confirmed at binary
logistic regression analysis, other predictor variables, such as type of
symptoms, age and gender not being significant (Table 3).

A significant correlation was found between the Ct values of the 7
double positive (naso-pharyngeal and saliva) samples (R-
squared = 0.69, p < 0.05), being above 25 in both matrices, thus
suggesting low viral loads. To further ascertain whether increasing Ct
values were correlated with decreasing SARS-CoV-2 viral load, ddPCR
was performed using the 6 samples for which both saliva and naso-
pharyngeal swab materials were available. As shown in Fig. 1, a sig-
nificant inverse correlation was found for naso-pharyngeal swabs
(Spearman’s r —0.94, p < 0.05), but not saliva samples (Spear-
man’sr = —0.37, p = 0.50).

In a subset of 27 patients for whom saliva was available, salivary
IgA were measured, positive results being found in 18 cases (67%).
Salivary IgA results were not correlated with SARS-CoV-2 molecular

Table 2
Correlation between molecular testing results performed on naso-pharyngeal
swab and saliva and disease duration.

Naso-pharyngeal swab Saliva
Disease duration Positive Negative Positive Negative
(n=9) (n = 40) (n = 8) (n = 35)
From symptoms onset 12 (9-15) 22 (18-25) 12 (9-16) 22 (18-25)
Mean (95% CI) days days days days
Student’s t test t=295p < 0.005 t=262p < 0.05
From hospitalization 14 (8-20) 17 (14-20) 14 (7-20) 16 (13-19)
Mean (95% CI) days days days days

Student’s t test t=0.71;p = 0.48 t = 0.68p = 0.50

Significant p values are reported in bold face. CI: Confidence Interval.
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naso-pharyngeal swab findings (Fisher's exact test: p = 0.65). Positive
salivary IgA were significantly correlated with the presence of pneu-
monia (Fisher's exact test: p < 0.01), but not with the other clinical
data (p:ns). Pneumonia was diagnosed in all the 18 patients with po-
sitive salivary IgA, and in 4/9 with negative salivary IgA findings. Of
the 27 patients with salivary IgA data, serum antibody data were also
available for 16 patients, 5 with negative and 11 with positive salivary
IgA findings. Serum IgA and IgG were positive in all 16 patients, while
serum IgM were positive in 9, and negative in 7, but not correlated with
salivary IgA (Fisher's exact test: p = 0.60). In order to ascertain whe-
ther systemic inflammation and organ involvement might have any
effect on salivary IgA, we evaluated haematological and coagulation
parameters (PT, PTT) and biochemical data for systemic inflammation
(CRP and fibrinogen), renal (creatinine) and liver (AST, ALT, Bilirubin,
ALP and GGT) function, as well as heart (troponin I and BNP) and
pancreatic (Amylase) involvement. Data were retrieved from cases in
the LIS repository considering those at admission to the Hospital and
those at enrolment (Supplementary Table 1). Positive salivary IgA were
correlated with CRP values at admission (t = —2.52; p < 0.05) and
with white blood cell count (WBC) at enrolment (t —2.25;
p < 0.05), as shown in Fig. 2.

Findings at binary logistic regression analysis, performed con-
sidering salivary IgA as dependent, and CRP and WBC on admission and
at enrolment as predictors, confirmed that CRP on admission is a sig-
nificant variable (Table 4).

All the 326 subjects enrolled for screening had negative molecular
test results for both naso-pharyngeal swab and saliva samples, thus
confirming the 100% specificity of saliva molecular testing with respect
to NP swab testing.

4. Discussion

On 21st February 2020, the first COVID-19 cases were identified in
Italy, the rapid spread of infection leading to a war-like scenario. Other
European countries soon experienced the same disaster, which con-
tinues to spread through other countries, such as the United States,
Russia, India and Brazil [25,26]. The rapid decision of national au-
thorities to limit person-to-person contacts by a lock-down policy led to
a progressive reduction in viral spread [27]. The present study was
conducted at the University Hospital of Padova in early April 2020,
when the positive rate of naso-pharyngeal swabs performed in our la-
boratory was 0.26% (13 positive tests out of 5,091 performed in the
10 day time-period of patient enrollment) against a 1.02% positivity
rate (50/4,925) registered in the 10 previous days. The potential
number of patients eligible for the study was therefore reduced at that
time and most patients enrolled were in a recovery phase of the disease.
This explains why the percentage of positive findings of naso-phar-
yngeal swabs in our inpatients series was low (18%), this result being in
line with previous data in the literature showing negative or fluctuating
SARS-CoV-2 positive findings in naso-pharyngeal swabs after two
weeks from the onset of symptoms [14,28,29]. Moreover, the Ct values
of positive swabs, the majority higher than 30, indicated that these
patients had active infection with a low viral load, as expected when the
disease persists for more than 15 days. The low viral load was con-
firmed in both saliva and naso-pharyngeal swabs by ddPCR, a reference
procedure for nucleic acid quantification which should be taken into
careful consideration in the near future in order to establish whether
viral spread and disease severity are correlated with different viral
loads [14,30,31]. In 6/49 patients, adequate saliva samples were un-
available for different reasons, including low compliance or low saliva
production in patients with a severely compromised clinical status.
Saliva rRT-PCR results were concordant with swab results not only in
qualitative, but also in quantitative terms (i.e. Ct results). This finding
further supports saliva as an alternative fluid to naso-pharyngeal swabs
for SARS-CoV-2 diagnosis [11-13,17]. The strength of the present study
with respect to previous studies on saliva collection depended on our
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Table 3
Logistic regression analyses considering positive molecular testing as the outcome variable, and age, gender, type and duration of symptoms as predictors.
Naso-pharyngeal swab Saliva
(n = 49) (n = 43)
Coefficient + SE p 95% CI Coefficient = SE p 95% CI
Age 0.08 + 0.07 0.26 —0.06 to 0.23 0.09 = 0.08 0.25 —0.06 to 0.24
Gender -1.47 + 152 0.34 ~4.46 to 1.53 -0.28 + 1.53 0.85 —3.29 to 2.72
Pneumonia 1.97 + 2.58 0.45 —3.08 to 7.03 3.46 + 2.98 0.25 —2.38 to 9.30
Fever 0.45 + 2.01 0.82 —3.50 to 4.40 1.33 + 2.14 0.53 —2.86 to 5.52
Gastrointestinal 1.80 = 1.45 0.22 —1.05 to 4.65 249 = 1.63 0.13 —0.69 to 0.68
Anosmia/Ageusia 2.56 + 2.05 0.21 —1.46 to 6.57 3.34 = 2.09 0.11 —0.76 to 7.44
Other symptoms -1.85 * 1.24 0.14 —4.29 t0 0.59 -0.62 * 1.29 0.63 —3.15 to 1.92
Duration of symptoms —-0.54 = 0.23 < 0.05 —0.99 to 0.09 —-0.61 = 0.28 < 0.05 —1.16 to —0.05
Significant p values are reported in bold face. SE: Standard Error; CI: Confidence Interval.
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use of a standardized collection procedure that prevents droplet or WBC
aerosol release: saliva was collected for one minute, using a cotton swab
without preparation to be chewed. The limitations in compliance that 20-
occurred among our patients were not related to the collection proce-
dure per se, but to the extreme disease-related fatigue of some patients. v
In line with this, complete compliance was found among the 326 sub- — 154
jects enrolled for screening in the second and prospective phase of the —
study. The very low prevalence of infection registered during this ) " v
second phase accounts for the lack of positive cases at both naso- Z 104 i & A\ 2l
pharyngeal swabs and saliva testing, which was confirmed to have O A ° "L
100% specificity. o A MM °
The main routes of SARS-CoV-2 infection are the mouth and nose, = 54 A, .4 w
salivary glands being infection site and reservoir [12,16,17]. While the ATTA o ™ u
virus persists a few days to a few weeks in the oral and nasal cavities, A
innate and adaptive immune responses take place. The paradigm of 0 r r

adaptive immunity, antibody production, is expected not only in blood
but also in the infected mucosa and salivary glands [6]. In line with
this, saliva may collect not only serum antibodies, but also locally
produced IgA class antibodies. With this in mind, we measured in saliva
IgA class antibodies elicited against the S1 domain of the spike protein,
involved in ACE2 receptor binding [32], and compared findings with
serum IgA, IgG and IgM data. Salivary IgA were positive in 67% of
patients, unlike serum IgA and IgG, which were positive in all the cases
studied. Different reasons might explain the differences in sensitivity
between salivary and serum IgA: a) salivary IgA levels depends more
than serum IgA on local mucosal immunity; b) in our study salivary and
serum IgA recognize different antigens, the S1 domain of the spike
protein and whole-virus antigens respectively. However, the sensitivity
of our salivary IgA test results is higher with respect than that reported
by Randad et al. [20], when the NAC S1 antigen was evaluated (8.7%).
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Fig. 2. The correlation between salivary IgA and biochemical and haematolo-
gical markers. The correlation between salivary IgA and biochemical and
haematological parameters. The upper panel shows the correlation between
salivary IgA positive or negative findings and CRP values obtained at admission
and enrolment. The lower panel shows the correlation between salivary IgA and
white blood cell count at admission and enrolment.

When the GeneScript S1 antigen was evaluated, the same authors found
a high sensitivity (77%), but a low specificity (42%), whereas a speci-
ficity of 100% was achieved with our method. Our results are limited by
the low number of saliva samples evaluated, especially for specificity
(n = 9), due to restricted supplies during the pandemic. In agreement
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Table 4
Logistic regression analyses considering salivary IgA as the outcome variable
and age, gender, WBC and CRP at admission and enrolment as predictors.

Salivary IgA

(n = 27)

Coefficient = SE p 95% CI
Age -0.06 = 0.06 0.34 —0.18 to 0.06
Gender 0.59 * 1.25 0.63 —1.85 to 3.04
WBC at admission -1.17 * 0.79 0.14 —2.71 to 0.37
WBC at enrolment 1.73 = 0.99 0.08 —0.22 to 3.67
CRP at admission 0.09 + 0.04 < 0.05 0.002 to 0.17
CRP at enrolment —-0.02 = 0.03 0.46 —0.08 to 0.04

p values are reported in bold. SE: Standard Error; CI: Confidence Interval.

with Randad et al. [20], positive IgA salivary results were correlated
with disease duration, and with the patient’s clinical status. Positive IgA
class results were more frequent in patients with pneumonia, and they
were correlated with the magnitude of systemic inflammatory response
at disease onset. The lack of a direct association between salivary and
serum immunoglobulins suggests that salivary IgA are produced by
mucosal associated lymphocytes. It remains to be verified whether or
not these immunoglobulins are protective against infection. The results
of our study support saliva as a challenging alternative specimen type
with respect to conventional naso-pharyngeal swabs and serum that
might be helpful for large-scale screening to prevent and/or limit the
second wave of SARS-CoV-2, which is more than expected especially if
relaxation of lockdown measures become mandatory to enable eco-
nomic activities and re-opening of schools [22,23].

However the study has some limitations. First, the number of pa-
tients studied was limited, due to the success achieved in the outbreak
management by our Region and evidenced by the relatively low pre-
valence of positive cases in the inpatient group. Second, results of on-
going studies aiming to provide evidence of protection from salivary
IgA, are awaited.

5. Conclusions

In conclusion, our study supports that standardized and safe self-
collection of saliva might be considered a valid alternative to naso-
pharyngeal swab collection in detecting SARS-CoV-2 infection. We have
also provided some preliminary data indicating that this fluid is of
potential utility for monitoring local adaptive immunity by measuring
IgA anti spike SARS-CoV-2 protein.
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