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young children are still rare. We explored saliva performance for SARS-
CoV-2 detection by RT-PCR according to the time interval from initial
symptoms or patient serological status. We collected 509 NPS and
saliva paired samples at initial diagnosis from 166 children under
12 years of age (including 57 children under 6), 106 between 12 and
17, and 237 adults. In children under 12, overall detection rate for
SARS-CoV-2 was comparable in saliva and NPS, with an overall agree-
ment of 89.8%. Saliva sensitivity was significantly lower than that of
NPS (77.1% compared to 95.8%) in pre-school and school-age children
but regained 96% when considering seronegative children only. This
pattern was also observed to a lesser degree in adolescents but not in
adults. Sensitivity of saliva was independent of symptoms, in contrary to
NPS, whose sensitivity decreased significantly in asymptomatic subjects.
Performance of saliva is excellent in children under 12 at early stages of
infection. This reinforces saliva as a collection method for early and
unbiased SARS-CoV-2 detection and a less invasive alternative for

young children.

INTRODUCTION

Diagnosis for SARS-CoV-2 is a cornerstone in the
management of coronavirus disease 2019 (COVID-19)
(Hu et al., 2021). Accurate and prompt testing of chil-
dren is a major public health challenge given the viral
spread in this age group, even more so in the context
of new highly contagious variants (Koelle et al., 2022;
Zachariah, 2022). The focus is now put on pre-school
children who are mostly not vaccinated as of today
(Malcangi et al., 2022). They are very frequently
asymptomatic or display non-specific symptoms thus
qualifying for repeated SARS-CoV-2 testing. An easy
and well-accepted testing procedure would thus be
highly useful in school systems to limit viral transmis-
sion and prevent school closure.

Nasopharyngeal (NP) swabs (NPS) are the gold
standard specimen for the diagnosis of SARS-CoV-2
infection. However, NP swab collection is an unpleas-
ant procedure that children and parents accept reluc-
tantly, especially when reiterated testing is advised to
ascertain negativity. As a result, saliva sampling that
avoids unnecessary discomfort is particularly attractive
in children for repeated and widespread screening.
Saliva collection has also a practical advantage since it
can be performed quickly by the parents or any other
referent adult (Caixeta et al., 2021).

Numerous studies have assessed saliva perfor-
mance over nasopharyngeal sampling in unstratified
populations, mainly in adults. Meta-analyses find an
overall high performance for saliva sampling,
acknowledging, as a whole, a sensitivity of around
86% as compared to nasopharyngeal/oropharyngeal
swabs (NPS) (Atieh et al., 2021; Bastos et al., 2021;
Canete et al., 2021; lbrahimi et al., 2021; Lee, Heri-
gon, Benedetti, Pollock, et al., 2021; Tsang

et al., 2021). Data in adolescents and children are
scarcer. In the paediatric population, saliva sensitivity
varies widely according to the different studies, rang-
ing from 47% to 96% (Al Suwaidi et al., 2021;
Banerjee et al.,, 2021; Borghi et al., 2021; Felix
et al.,, 2022; Fougére et al., 2021; Lopez-Martinez
et al., 2020; Oliver et al., 2021; Yee et al., 2021).
These discrepancies could be linked to sampling, dif-
ferences in test methods and enrolments, but may
also unmask dissimilar saliva performance in younger
children as compared to adolescents.

As of today, only three studies have reported spe-
cific data in children under 12 years of age, including
pre-school children (Fougére et al., 2021; Oliver
et al., 2021; Yee et al., 2021), and yielded heteroge-
nous results from 85.2% (Fougeére et al., 2021) to
47.6% (Oliver et al., 2021). Interestingly, Yee et al.
reported comparable performance of saliva and NPS,
with a positive percent agreement above 82% for both,
based on a composite gold standard of any positive test
from either NPS or saliva (Yee et al., 2021). A single
study reported data in pre-school children and
highlighted a drastic drop in saliva sensitivity down to
25% (Fougere et al., 2021). However, all these results
stemmed from small cohorts and none reported on
saliva performance according to the time interval from
initial infection, which is a crucial point to determine the
relevance of the test for diagnosis.

To fill this gap, we initiated a study to compare
saliva with NPS for diagnosing COVID-19 in younger
children, including children <6 years of age, in compari-
son to adolescents and adults. We explored the perfor-
mance of saliva sampling for SARS-CoV-2 detection by
RT-PCR and studied specifically its variation according
to both the time interval from initial symptoms and
patient serological status.
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EXPERIMENTAL PROCEDURES
Population study

The current study relies on two separate campaigns of
enrolment. During the first campaign (child/parent
cohort), between October and December 2020, 95 chil-
dren and 34 accompanying parents were prospectively
enrolled. These were hospitalized or outpatient children
presenting in Parisian hospitals for any reason includ-
ing ambulatory monitoring. Paired NP and saliva sam-
ples were systematically collected from the child and
any volunteering accompanying parent for subsequent
SARS-CoV2 detection by RT-PCR, and a SARS-CoV-2
serology was performed when agreed.

During the second campaign (family cohort),
between April and July 2021, an ‘index children’ popu-
lation was constituted from 128 children identified with
an initial positive RT-PCR or antigenic NPS test follow-
ing symptoms, or screening as contact case or during
national screening campaigns. Their siblings and par-
ents were enrolled as contact cases for longitudinal
home follow-up, making up a total of 535 individuals
enrolled. The index cases and their families were
enrolled as soon as possible, for example, 1-3 days
after initial positivity of the index case. Saliva sampling
for subsequent SARS-CoV-2 detection by RT-PCR and
a SARS-CoV-2 serology was performed on the day of
inclusion (D0). Paired NP sampling was performed
when accepted. Saliva sampling (and NP if agreed)
was performed at 3 (D3), 7 (D7), 15 (D15) and 45 (D45)
days post-inclusion, for both index cases and family
members. A final SARS-CoV-2 serology was performed
at D45.

For both campaigns, demographic and clinical data
were collected including age, gender, previous vaccina-
tion, previous COVID-19 infection (defined by a RT-
PCR or a serology positive test at least 60 days before
enrolment) and clinical status, for example, asymptom-
atic or symptomatic, focusing on the initial symptom.
Patients with paediatric inflammatory multisystem syn-
drome (PIMS), or severe symptoms requiring intensive
care unit admission, were excluded from the analysis.

Informed consent from adults and for the children
under 18 years from the legal guardians were manda-
tory for inclusion. This study protocol was approved by
the ethics committee of Sud Mediterranée V
(n°20.14.62339) and was registered (clinicaltrails.gov
identifier; NCT04355533).

Sample collection

Specimens for RT-PCR testing were collected under
the supervision of a healthcare professional, following a
standard procedure. Subjects had to spit up to 3 ml of
saliva without coughing after at least 2 h fasting and

30 min without drinking, smoking or chewing gum. For
the young non-cooperating children under 3 years of
age, a pipette was used to collect saliva in the gingival
fold. Saliva was stored at room temperature for a maxi-
mum of 12 h or at 4°C. The healthcare professional col-
lected concomitantly NP swabs for RT-PCR in 3 ml of
viral transport medium (EsWab) and a blood sample for
serology if required. RT-PCR analyses were performed
the same day or the next morning.

Quantitative SARS-CoV-2 PCR

Viral RNA was extracted from 200 pul of naso-
pharyngeal transport medium and 200 pl of saliva sam-
ple with the Easy-Mag extractor (Biomérieux, Marcy
I'Etoile). The 10 pl of RNA extract was used for RNA
amplification with the SARS-CoV-2 R-gene assay
(Argene Biomérieux), which amplifies two nucleic acid
targets, one from the N gene and one from the RdRP
gene. For some samples, usually those with low viral
load, the N gene was amplified and the RdRP gene
was not amplified. Such samples were retested and the
result was considered as positive only if the N gene
amplification was confirmed in the second replica. For
positive samples, viral load was estimated according to
the Ct value of amplification of the N gene target as
low, intermediate, high or very high for Ct values of
>35, =30—<35, =25—<30, <25, respectively. PCR
detecting mutation E484K and mutation N501Y on the
spike gene was performed on each new positive sam-
ple (TIBMolBio, Roche, France) with C+ value <25 Cr.

A participant was deemed to be positive for SARS-
CoV-2 if test results for either saliva or NPS were posi-
tive. Specimens with indeterminate, invalid, or missing
results (including saliva specimens with insufficient vol-
ume for testing) were considered non-assessable and
excluded from analysis.

SARS-CoV-2 serology

The Alinity SARS-CoV-2 IgG Il Quant was used to
detect IgG against the spike (S1) protein from February
2021. The Abbott test recognizes antibodies directed
against the receptor-binding domain (RBD). Antibodies
against the spike protein were assessed retrospectively
in sera from patients enrolled before February 2021.
Thresholds for positivity were =50 UA (7.1 BAU)/ml for
anti-S antibodies.

Data analysis
To compare the performance of NP and saliva sam-

pling for SARS-CoV-2 detection, we used the RT-PCR
results (NPS/saliva) obtained at DO in the population of
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the first campaign and from the first NPS/saliva sam-
pling matching pair in the population of the second
campaign. As indicated in Table S2, 53 out of 449 indi-
viduals had their first available saliva-NPS pairs col-
lected either at D3, D7, D15 or D45 from the time of
family enrolment.

Positivity was retained if SARS-CoV-2 was detected
by RT-PCR using either of the two sampling methods.
Quantitative data were expressed as medians [inter-
quartile range] (range), and qualitative data as numbers
(percentages). The diagnostic accuracy of the tests
was evaluated by calculating their respective sensitivi-
ties. Confidence intervals were calculated by the exact
binomial method.

To achieve a prospective unbiased assessment of
sensitivities, we refined our analysis by excluding indi-
viduals enrolled with a previous known positive SARS-
CoV-2 PCR status, that is, essentially index cases of
the second campaign. Hence, results will be presented
both for the overall population and for this selected pop-
ulation with no previously documented positive SARS-
CoV-2 RT-PCR (‘No Prior Positive RT-PCR’) subjects.

Subgroup analyses were performed according to:
(i) age group (ii) serology results performed on the
same day when available, (iii) no prior positive RT-PCR

1"t enrollment

95 pediatric cases

34 parents contact cases

) J

group, (iv) presence of symptoms on the day of testing,
and (v) the time of enrolment campaign. Quantitative
variables were compared with Wilcoxon’s test, with a
significance level of 5% and qualitative data using Chi-
squared or Fisher's exact test as appropriate. The sen-
sitivities of the two sampling tests were compared using
the McNemar's test. The statistical analysis was per-
formed using R software (http://cran.r-project.org/).

RESULTS
Patients description

Over both campaigns, October to December 2020 and
April to July 2021, a total of 664 individuals were
enrolled among whom 509 had at least one paired
NP/saliva sampling available and 416 a serology
matching this sampling in time. The distribution of the
population and how the first available NPS/saliva pairs
were collected during the two enrolment campaigns are
shown in Figure 1 and Tables S1 and S2. Refusal to
perform NP sampling led to exclusion of 155 individuals
for which no sampling pair was available, among whom
80 children under 12 years of age (of whom 24 were

— [ 129individualsenrolled }—b

69 excluded
(no concomitant matching pair)

| 60 Saliva/NPS matching pairs available (one per individual) ]_’/ | 52 matching serologies available

2" enrollment

{
128 pediatric index cases

407 familial contact cases

4

8 excluded
(no concomitantserology)

—y | 535 individualsenrolled |=——]

86 excluded
(no concomitant matching pair)

I 449 Saliva/NPS matching pair

I -y I 364 matching serologies available

85 excluded
(no concomitant serology)

17 time RT-PCR tested [

383 Saliva/NPS matching pair

J y l 310 matching serologies available J

FIGURE 1 Flow-chart scheme for each enrolment campaign

73 excluded
(no concomitantserology)
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saliva PCR+). Ninety-three serologic samplings were
lacking, mainly because of blood puncture refusal by
the participants (41 children under 12). There was a
single failure for saliva sampling in one infant.

The 509 first paired samples were mainly collected
at DO and D45 visits (Table S2), from 166 children
under 12 years of age, 106 between 12 and 17 years of
age, and 237 adults. A combined NPS/saliva/serology
was available for 125 children under 12, 90 children
between 12 and 17, and 201 adults. When only the ‘No
Prior Positive RT-PCR’ were considered in this popula-
tion (i.e. exclusion of the 66 paediatric index cases
enrolled with a known RT-PCR COVID-19 status and
having an available paired sampling), a total of

443 sample pairs remained, including 133 from children
under 12 years of age and 73 from children between
12 and 17. Among these, a combined NPS/saliva/serol-
ogy was available for 98 children under 12 and
63 between 12 and 17 years of age. Our study included
57 children under 6, whose characteristics are depicted
in Supplemental materials S1 and Table S3.
Characteristics of the subjects included in the analy-
sis are shown according to age distribution in Table 1,
and Table S3, and according to enrolment in the two
campaigns in Table S4. Median patient age was
16 years (ranging from 3 months to 79 years). The sec-
ond campaign, including all the household contact
cases, comprised by design more adults than the first

TABLE 1 Subject characteristics stratified by age groups for the whole study population. Comparison for all age classes
0-11 yo 12-17 yo 218 yo Overall population
Characteristics N =166 N =106 N =237 p N =509
Sex ratio M/F 82/84 53/53 105/132 0.48 240/269
Age, median [IQR] (range) 7[4-10] (0.03-11) 14[13-15] (12-17) 42 [38-46] (18-79) - 16 [10-42] (0.03-79)
Comorbidities
Chronic respiratory disease 17 (10.8%) 11 (10.7%) 16 (7.3%) 0.42 44 (9.1%)
(including asthma)
Transplantation and 2 (1.2%) 3 (3%) 3 (1.4%) 0.58 8 (1.6%)
immunodepression
Others 0 (0%) 0 (0%) 9 (4.3%) 0.007 9 (2.1%)
Previous COVID infection diagnosed 3(1.8%) 0 (0%) 5(2.1%) 0.42 8 (1.6%)
(positive RT-PCR or serology at
least 60 days before)
Symptoms
Asymptomatic at time of collection 74 (46%) 35 (34%) 107 (45.7%) 0.1 216 (43.4%)
Symptomatic at time of collection 87 (54%) 68 (66%) 127 (54.3%) 282 (56.6%)
Type of symptoms
General:fever, chills, asthenia 52 (59.8%) 29 (42.6%) 70 (55.1%) 0.09 151 (53.5%)
Respiratory 35 (40.2%) 15 (22.1%) 43 (33.9%) 0.056 93 (33%)
Intestinal 21 (24.1%) 10 (14.7%) 21 (16.5%) 0.24 52 (18.4%)
Ear, nose and throat 38 (43.7%) 37 (54.4%) 62 (48.8%) 0.41 137 (48.6%)
Others (including dermatologic, 34 (39.1%) 37 (54.4%) 78 (61.4%) 0.005 149 (52.8%)
renal, neurologic)
Days since symptom onset at the time 4 [4-6] (0-11) 5 [4-9] (0-20) 6 [3-0] (1-18) 0.08 5 [3-7] (0-20)
of collection of PCR + patients/
median [IQR] (range)
% of positive PCR
Saliva 55 (33.1%) 52 (49.1%) 85 (35.9%) 0.03 192 (37.7%)
Nasopharyngeal (NP) 64 (38.6%) 51 (48.1%) 79 (33.3%) 0.02 194 (38.1%)
Saliva or NP 68 (41.0%) 58 (54.7%) 93 (39.2%) 0.02 219 (43.0%)
% of positive PCR, CT < 30
Saliva 25 (15.1%) 30 (28.3%) 54 (22.8%) 0.03 109 (21.4%)
Nasopharyngeal (NP) 31 (19.7%) 28 (26.9%) 53 (22.6%) 0.40 112 (22.6%)
Saliva or NP 39 (24.5%) 37 (34.9%) 66 (27.8%) 0.18 142 (28.3%)
% of positive serology® 26 (20.8%) 18 (20.0%) 63 (28.1%) 0.17 107 (24.4%)

@At the day of collection (DO or D45) corresponding to the first matching saliva/NP pair (DO or D45) for each individual.
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campaign (median age 17 years vs. 10 years for the
first campaign), as well as significantly more asymp-
tomatic cases (Table S4).

In the overall study population, 282 subjects
(56.6%) were symptomatic at the time of sample collec-
tion (Table 1). None was hospitalized. The median
delay from declaration of the first symptom to sampling
of the first available NPS/saliva pair was 6 days, rang-
ing from 0 to 20 days. Neither symptom occurrence nor
post-symptoms delay significantly differed between age
groups, including children under 12 years of age, con-
firming a homogeneous enrolment for all age classes.

Eight subjects reported prior exposure to SARS-
CoV-2, ascertained by a positive RT-PCR at least
60 days before enrolment. Three of those (2 children
10 years old and 1 adult) had a SARS-CoV-2 positive
RT-PCR during the study period. As their first infection
occurred more than 6 months before enrolment, they
were included in our subsequent sensitivity analyses.

Nearly a quarter of the studied population was sero-
positive at the time of collection with no significant dif-
ference between age groups nor between campaigns
(Table 1 and Table S4).

Saliva and nasopharyngeal swabs
positivity rate

Positivity rate, based on SARS-CoV-2 RT-PCR in
either NPS or saliva, reached 43% in the whole popula-
tion (Table 1), with a similar range in both enrolment
campaigns (Table S4). The highest prevalence was
observed in the adolescent group (54.7%) vs. 41% in
the under 12 years of age group and 39.2% in adults
(p = 0.02). This was observed for both saliva and NPS
(Table 1). This relatively high prevalence reflects enrol-
ment of symptomatic, SARS-Cov-2 pre-diagnosed or
contact-case individuals. Characteristics of children
under 6 are shown in Supplemental materials S1.

Performance of saliva and nasopharyngeal
swabs according to age

The sensitivity of saliva measured during the first cam-
paign was not significantly different from that measured
during the second campaign (Table S5). We thus
decided to combine both populations for our analysis to
improve the statistical power. Performance of NP and
saliva sampling on all enrolled individuals showed an
overall agreement of 89.9% (Confidence Interval
[Cl] 95% [86.8%—92.3%)]). Saliva had a sensitivity of
87.7% [82.6%—-91.7%)] versus 88.6% [83.6%—92.5%]
for NPS (Table 2). Each sampling method generated a
comparable number of discordant results: when analys-
ing all 219 positive patients, SARS-CoV-2 RNA was
detected from both NPS and saliva in 167 patients,

from saliva only in 25 patients, and from NPS only in
27 patients. Among the 443 subjects with no documen-
ted positive RT-PCR test before enrolment, 178 had a
positive RT-PCR and similar results were obtained
compared to the whole population, with a sensitivity of
87% [81.2%—91.6%)] for saliva and 89.9% [84.5%—
93.9%] for NP sampling (Table 2).

Stratification according to age showed that saliva
and NP sampling in children under 12 years of age dis-
played an overall percentage of agreement
(OPA = 89.8%) comparable to that found in adoles-
cents (87.7%) and adults (90.7%). The kappa-Cohen’s
concordance coefficient was equally high at 0.78
[0.66—0.87] versus 0.75 [0.62—0.88] in adolescents and
0.79 [0.70-0.87] in adults (Table 2).

Saliva sensitivity was high in all age groups and did
not significantly differ from that of NPS (Table 2). How-
ever, in children under 12, saliva sensitivity showed a
trend towards a lower value in comparison to older sub-
jects (80.9% vs. 89.7% in 12—-17 years old and 91.4%
in adults) and lower performance in comparison to NPS
(80.9% vs. 94.1% for NPS), which was not the case in
the other age groups (Table 2). This difference reached
significance only when children with no previous posi-
tive RT-PCR test were considered (77.1% for saliva
versus 95.8% for NPS; p = 0.02).

Altogether these results confirmed a high sensitivity
of saliva for diagnosis of SARS-CoV-2 infection overall,
but a significantly lower sensitivity in the school and
preschool children group. We thus investigated possi-
ble explanations for this observation, focusing on symp-
tomatic status, viral load and delay from infection.

Performance of saliva and nasopharyngeal
swabs according to symptomatic status

We first investigated whether a lower symptom occur-
rence in children under 12 could explain the lower sen-
sitivity of saliva measured in this age group. RT-PCR
positive children under 12 years indeed reported less
symptoms than the other age groups (70.7% of school
age children were symptomatic vs. 87.27% of adoles-
cents and 84.6% of the adults) (Table 3).

We searched whether saliva performance varied
according to symptomatic status by analysing saliva
and NPS sensitivities according to symptom occur-
rence on collection day (Table 3). Saliva sensitivity did
not differ between asymptomatic and symptomatic indi-
viduals in children under 12 years of age (80.4%
vs. 78.9%). This was also the case considering the
whole population, unstratified according to age groups
(85% vs. 87.7% and 84.4% vs. 87% in no prior positive
subjects). This was in contrast to NPS whose sensitivity
significantly dropped from 91.8% in symptomatic indi-
viduals to 72.5% in asymptomatic individuals in the
whole population (p = 0.017) and from 93.5% to 71.9%
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in ‘no prior positives’ (p = 0.0011). This lower NPS
sensitivity in asymptomatic individuals was observed in
all age groups but reached significance only in adults
(saliva sensitivity at 92.9% vs. NPS 57.1% in asymp-
tomatic cases, p = 0.007). Saliva sampling detected
34 out of the 40 asymptomatic positive cases com-
pared to 29 cases for NPS. Importantly, SARS-CoV-2
could be detected from saliva before symptom onset: of
the 38 asymptomatic individuals positive for SARS-
CoV-2 at enrolment (including 18 children under 12),
8 declared symptoms 1-5 days after collection. Among
those, seven were saliva positive at enrolment versus
only four in NPS. This indicates that the lower sensitiv-
ity of saliva of children under 12 years of age is not due
to the lower symptom occurrence observed in this age

group.

Performance of saliva and nasopharyngeal
swabs according to viral load

Next, we investigated whether the lower sensitivity of
saliva in children under 12 might be related to a lower
viral load in this population, using the Ct value as
proxy. Cohen’s kappa analysis showed a high degree
of agreement between Cy values obtained from saliva
and NPS in all age groups (K = 0.8 [0.75-0.85] for all
Ct pairs, and K = 0.8 [0.72-0.86] for that in adults,
K =0.77[0.68-0.87] in 12—17 adolescents and K = 0.8
[0.72—0.88] in children under 12).

Focusing on children <12 years old, the overall viral
load distribution as defined from Ct in Experimental
Procedures Section, did not significantly differ from that
of the other age groups, for either sampling method
(Table S7, lines). Interestingly, comparing viral load dis-
tribution between both types of specimens showed
lower viral load values in saliva (Table S7, right col-
umn), with significance in adolescents and adults, but
not in children under 12. These results suggest that the
lower sensitivity of saliva observed in young children
cannot be explained by a lower viral load in saliva in
this age class.

Performance of saliva and nasopharyngeal
swabs according to post-infection delay
and seroprevalence

We asked whether the lower sensitivity of saliva in
school children was dependent on the delay post-infec-
tion. First, we compared the saliva and NPS sensitivity
depending on the time interval from declaration of
symptoms to the collection of the paired samples
(Table S8). Saliva sensitivity decreased from 87.8% if
the symptoms occurred less than 3 days before sam-
pling to 78% if the time interval between symptoms and
collection exceeded 7 days. This was observed mainly

in children under 12 years of age (from 81.2% to 60%)
and in adolescents (from 100% to 73.3%) but not in
adults (from 86.9% to 85.7%). These analyses, how-
ever, did not reach statistical significance because of
the limited number of subjects or the relatively poor reli-
ability of reporting symptoms.

To more accurately assess how the delay post-
infection affects saliva performance, we considered the
serologies performed concomitantly to the saliva/NP
sampling, as a proxy for early (seronegative), and late
(seropositive) infections at the time of collection. The
proportion of seropositive subjects at the moment of
sampling did not differ according to age classes, with a
mean of 24.4% seropositive subjects (Table 1). In chil-
dren younger than 12, saliva sensitivity improved from
80.9% to 97.4% when only seronegative individuals
were considered (Table 2), with a similar trend in ado-
lescents but not in adults. We then focused on ‘no prior
positive’ subjects to calculate an unbiased sensitivity.
The impact of seropositivity on saliva performance was
the greatest in children under 12 years of age. Indeed,
in this age group, saliva sensitivity increased from
77.1% to 96% in seronegatives, while it dropped to
10% in seropositives (Table 2 and Figure 2). This
increased sensitivity of saliva in seronegative patients
was independent of the symptomatic status (Table 3).
Seropositivity also affected to a lesser degree saliva
performance in adolescents but not adults (sensitivity
of 66.7% and 86.7%, respectively) (Figure 2). In con-
trast, NPS sensitivity was not affected by the serologi-
cal status, neither in the school children nor in any of
the other age groups (Table 2 and Figure 2). It specifi-
cally remained maximal in seropositive children under
12 (100% [66.4%—100%)]).

Altogether, these results show that the low sensitiv-
ity of saliva in children less than 12 years of age in the
whole study population is due to the seropositive chil-
dren (26/166). Saliva sensitivity was conversely very
high in seronegative children.

DISCUSSION

Our results provide evidence that the overall detection
rate for SARS-CoV-2 in children under 12 years of age
is comparable in saliva and NPS, with an OPA of
89.8%. Although in this age group, saliva sensitivity
was significantly lower than that of NPS (77.1% com-
pared to 95.8%), it was increased up to 96% when con-
sidering seronegative children. This pattern was also
observed to a lesser degree in adolescents but not in
adults. Importantly, our data show that the sensitivity of
saliva is independent of symptoms, in contrary to NPS,
whose sensitivity decreases significantly in asymptom-
atic subjects. This supports the interest of saliva in
screening campaigns as it would be able to detect
asymptomatic patients with early infection, that is,
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before or while they were becoming contagious. Con-
sidering the non-invasive collection of saliva, these
results are of paramount importance in the paediatric
population, especially for very young children.

Post-mortem analyses have shown that salivary
glands are a reservoir for SARS-CoV-2, which provides
a rationale for the use of saliva for diagnostics and
underlines the role of this biological fluid in spreading
the disease (Soares et al., 2022). This point is key in
public health decision-making and the implementation
of appropriate societal measures in the context of new,
highly contagious variants as children may not be iso-
lated, and they interact with no social distancing during
recreational activities. This is obviously the case in
asymptomatic children, and knowing the evolution of
the COVID-19 pandemic in this population is extremely
important.

With 166 children under 12, including 57 children
under 6, our study is the largest cohort published on
saliva performance in school and pre-school children. It
involves a population from the general community with
subjects who underwent testing within households
because of contact tracing. The high prevalence of
SARS-CoV-2 infection found in our study (43%) reflects
the selection criteria for enrolled individuals, who were
either mildly symptomatic or recently identified as
SARS-CoV-2 positive during screening campaigns, or
were contacts of positive cases in households. This
study design achieved statistical significance at reason-
able costs in the context of infectious waves. It also
allowed the prospective follow-up of contact cases with
high positivity rates and the early detection of some
pre-symptomatic individuals. We nevertheless acknow!-
edge that in this real-world study design, the effective
infection date is unknown, which makes it difficult to
finely interpret the differential viral dynamics in saliva
and NP during infection. The optimal design of the
study would have been an unbiased enrolment of a

calibrated and regularly tested population, while our
study relied on a partly self-selected population.

To optimize the pre-analytical step, we standardized
the collection of saliva in this age range. For this study,
we did not consider nasal/oropharyngeal swabs, which
offer another collection mode, whose sensitivity equals
that obtained using NP swabs (Lee, Herigon, Bene-
detti, & Denkinger, 2021). As saliva is a complex
medium, containing many proteins including RNase
and inhibitors which can alter its performance, we sam-
pled patients free of drinking for at least 30 min, and
2 h fasting when possible (Lépez-Martinez et al., 2020).
We did not use any device but preferred to get spit
saliva, or aspirated by a pipette in babies. In this daily
life sampling of household cases, we allowed up to
12 h storage before analysis, as the viral RNA is stable
in saliva at room temperature (Ott et al., 2021). This
may be one of the reasons of good saliva performance
in our study. Our study is unique in reporting SARS-
CoV-2 serology of enrolled individuals, ascertaining
either a previous or an on-going infection since at least
7—-10 days. This was the case for nearly 25% of our
cohort. As these data are lacking in other paediatric
studies, it may be that the reported variability of saliva
performance in children relates to a different percent-
age of early and late infections. Finally, because our
study is part of a household longitudinal study, we were
able to report asymptomatic and pre-symptomatic
cases, which is an added value as the study of asymp-
tomatic detection is inherently biased by the lower odds
to collect samples close to the peak of infection.

Our results show that in children younger than
12 years of age, SARS-CoV-2 can be detected in saliva
early after infection, in agreement with the salivary
gland epithelium being an early site of virus replication,
as reported in adults (Fronza et al.,, 2022; Matuck
et al,, 2021; Teo et al, 2021; To et al., 2020; Zhu
et al.,, 2020). Importantly, we observe that in young

85UBD1 7 SUOWILLOD dAIIe1D) 3[cedl|dde aup Ag peusenob afe saoie YO ‘8sN JO SaInJ 10} Aeiq1T8ul|uO A3 UO (SUOIPUOD-PUE-SWS)/LIO™AB| 1M Afe.d Ul [Uo//Sciy) SUOIPUOD pue SIS 1 8L 38S *[£202/G0/9T] U0 ARiqiauliuo A8|IMm Ineised Imnsu| A TSTOT 0262-29¥T/TTTT OT/I0P/W00 A8 M ARIq U1 IUO'S U [-IWke//Sdiy Wo. pepeojumod ‘0T ‘2202 ‘026229%T



SALIVA FOR SARS-COV-2 TESTING IN CHILDREN

Sfam 4735

children, in contrast to NPS, saliva sensitivity is strongly
dependent on the delay post-infection. Indeed, sero-
conversion rapidly prevented SARS-CoV-2 detection in
saliva, with a decrease of sensitivity from 96% in sero-
negative children down to 10% in seropositive children.
This pattern was also observed to a lesser degree in
adolescents, but not in adults, despite comparable
seropositivity rates and post-symptom delays. This
result is supported by other small longitudinal studies
showing a faster decrease of saliva viral load compared
to NPS; however, the reason and the age dependency
were not investigated (Fronza et al.,, 2022; Teo
et al., 2021; To et al., 2020; Zhu et al., 2020). This may
be related to a much faster viral clearance in children’s
saliva compared to older individuals, an observation
that may be crucial to understand childhood infectivity
and their better coping with the disease. Physiologi-
cally, children are capable of mounting a robust sero-
logical and cellular response to SARS-CoV-2
infections, which may involve specific memory
responses to recurrent seasonal coronavirus infections
(Dowell et al., 2022; Yoshida et al., 2022). The reason
why this is observed preferentially in saliva rather than
in NPS is unclear but may suggest that immunity in
young children reduces an already lower saliva viral
load to a point of making it undetectable by RT-PCR. A
key point for public health but missing herein, will be to
correlate the threshold of saliva RT-PCR positivity with
a replication-active viral titre. Saliva most likely contains
live virus as non-encapsidated viral RNA should quickly
be cleared up from this biofluid, unlike the more pro-
tected RNA found in nasopharyngeal infected cells.
Detecting positive individuals before they become con-
tagious, that is, before they exhibit detectable titers of
live virus, should be the hallmark of a valuable screen-
ing strategy. The sensitivity provided by RT-PCR
together with the propensity of saliva to contain live
virus, detectable at early stages of infection, could meet
this goal. Coupling saliva RT-PCR detection with pool-
ing approaches would make this screening strategy
cost-effective.

In this study, enrolled individuals were mostly
primo-infected and not vaccinated. Seroconversion
was used as a proxy for late infection at the time of col-
lection. A challenge stemming from our observation is
to know whether the serological status acquired from
previous infection, or possibly vaccination, may or may
not affect saliva sensitivity in children. This question is
inherently hard to answer as any impact of immune-
history on saliva performance may depend on the time
post-infection/vaccination, the variant involved, the clin-
ical outcome or even the unique nature of the elicited
immune response.

Our study also shows that at all ages, saliva per-
forms well in mildly symptomatic and asymptomatic
subjects. In our data set, it enabled the detection of
seven out of the eight pre-symptomatic individuals. This

is important because SARS-CoV-2 positive children
are often less symptomatic compared to other age
groups, which we indeed observed in this study. Our
observation is in accordance with previous results by
Yee et al. (Yee et al., 2021), showing comparable per-
formance of saliva and NPS in symptomatic and
asymptomatic paediatric patients not previously diag-
nosed with COVID-19. However, these authors system-
atically reported a slightly lower number of cases
detected using saliva, whether the individuals were
symptomatic or not. With a median of 10 days between
symptom onset and time of collection, it is possible that
saliva under-performed in their study due to late
collection.

Saliva was previously reported to perform less well
for SARS-CoV-2 detection in asymptomatic individuals,
and this was attributed to a lower viral load. This was
one of the causes underlined by Fougere et al. to
explain the drastically lower saliva sensitivity in children
under 6 years of age (Fougere et al., 2021). Al Sawaidi
indeed observed a slightly lower viral load in asymp-
tomatic individuals for both specimens, depending on
the RT-PCR target (Al Suwaidi et al., 2021).

In our samples, however, RT-PCR C+ distribution in
saliva of young children was similar at all ages and did
not differ from NPS. Even though our data globally con-
firm a higher detection threshold for saliva compared to
NPS on the analysed samples, which may explain
some of the discordant results for saliva, this did not
specifically affect children under 12 years. Thus, the
decrease in saliva performance observed in younger
children could neither be strictly ascribed to asymptom-
atic presentation nor to a lower viral load in this
population.

In contrast, NPS sensitivity was clearly decreased
in asymptomatic subjects on the day of collection and
NPS sampling detected only 4 out of the 8 pre-
symptomatic individuals compared to 7 for saliva. This
observation is new as there are very few reports com-
paring saliva and NPS in asymptomatic or pre-
symptomatic patients. The late collection time per-
formed by Yee et al. may explain why they did not
observe a drop in NPS performance in the asymptom-
atic population. Supporting our observation, a recent
community study showed that saliva detected more
infection in asymptomatic individuals recruited by con-
tact tracing (Fronza et al., 2022).

CONCLUSION

Overall, our results show that saliva sampling in asymp-
tomatic subjects at an early infection stage performs
equally well if not better than NPS. This reaffirms saliva
as a safe and feasible collection method for early and
unbiased SARS-CoV-2 detection and a more pleasant
alternative to test infants, kindergarten, preschool
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children and older asymptomatic or pre-symptomatic
individuals (Jones et al., 2021; Marc et al., 2021). Our
study was conducted when the SARS-CoV-2 original
D614G and the Alpha variants predominated, before
widespread circulation of the Delta variant and well
before emergence of the Omicron and B1.5 variant.
Since Omicron is now reported to be even more effi-
ciently detected in saliva than in nasal swabs (Lin
et al.,, 2022), the use of saliva for diagnosing active
SARS-CoV-2 infections in school mass screening is
further warranted as a cost-effective and well-accepted
collection mode to screen large populations.
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