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Saliva: an important alternative 
for screening and monitoring of 
COVID-19 in children

Abstract: The increasing number of cases of COVID-19 worldwide 
poses challenges to healthcare systems not only in effectively 
identifying individuals positive for SARS-CoV-2, but also in isolating 
cases to minimise contagion in early diagnosing more severe cases 
that will need hospitalization. Less-invasive collection methods are 
indispensable in a pandemic scenario as large-scale tests are necessary 
to understand the actual evolution of contagion in different populations, 
thus enabling decision-making based on scientific evidence. Saliva 
has been shown to be an alternative for diagnosing viral infections 
as this biological fluid can be easily and quickly collected without 
using specific devices and causing less discomfort during collection, 
which is an important factor for use in children. Despite the smaller 
percentage of severe cases of COVID-19 among children, they seem to 
play an important role in the contagion as they have the same potential 
of transmission as that of adults. Knowing the evolution of COVID-19 
pandemic in children is extremely important, mainly regarding the 
changing in rules of social distancing, such as re-opening schools 
and recreational activities spaces. In addition, countless cases of a 
severe multi-systemic inflammatory syndrome that shares clinical and 
laboratory features with Kawasaki’s disease have been recently related 
to SARS-CoV-2 infections in children, adolescents and young adults. In 
view of this scenario, the aim of this study was to present saliva as an 
alternative for seeking diagnostic and prognostic markers of COVID-19 
in children, including adequate sample collection techniques for 
different age groups. 
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Introduction

An epidemic of the new coronavirus started in the city of Wuhan, Hubei 
Province, China, in early December 2019.1 The coronavirus-associated 
disease (COVID-19) is caused by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) that spread very quickly worldwide, so that 
COVID-19 was declared a pandemic by the World Health Organization 
(WHO) in March, 2020. Coronaviruses are known to be pathogenic 
to both, animals and humans, and are related to gastrointestinal and 
respiratory symptoms.2
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The disease may be symptomatic or asyntomatic.3 
The children appear to have milder symptoms than 
adults.4 However, the course of the disease is worse and 
can lead to death, especially in risk groups such as the 
elderly and individuals with hypertension, diabetes, 
obesity, chronic respiratory and cardiovascular 
diseases.5 However, there are a few cases reporting 
children who died due to COVID-19.6

Over time and the pandemic spreading to different 
countries and continents, the number of cases of 
COVID-19 among children is increasing and the 
cases of Kawasaki’s-like disease have also been 
more frequently reported.7 The role of children in 
the COVID-19 transmission remains unclear, but 
there are no reports indicating that children have 
less potential of dissemination than adults.8,9 That is 
why diagnostic testing in this group is so relevant, 
particularly regarding the re-opening of kindergartens 
and schools as children have a poorer understanding 
of biosecurity measures.

Nasopharyngeal, oropharyngeal and related-
nasopharyngeal aspiration techniques may be used 
for diagnosing the new coronavirus. In hospitalized 
patients, lower respiratory tract specimens such 
as sputum, broncho-alveolar or tracheal lavage 
and aspirates can be used to perform the gold 
standard diagnostic technique, the Real Time 
Reverse-Transcription Polymerase Chain Reaction 
(RT-PCR).8 Aside for the high cost of reagents and 
dedicated equipment, the collection and processing of 
samples are time consuming and require specialized 
handlers to perform the sample collection through 
the insertion of swabs at the deepest point of the 
oropharynx and nasopharynx, frequently causing 
discomfort and retching, especially in children. As 
a good alternative, saliva has been shown to be an 
effective biological sample for carrying out viral 
detection methods9 and a less traumatic/invasive 
procedure for pediatric patients.10

As the pandemic progresses towards the 
stabilization in some countries, there is an imminent 
need to re-open kindergartens, schools, as well as 
recreational spaces for children. However, less complex 
collection methods for the identification of SARS-CoV-2 
are necessary, mainly through large-scale testing, 
in the case of children in schools. Saliva is a good 

biological fluid because it enables the identification 
of different viruses, as has already been shown in 
other infectious models.10 Furthermore, saliva can be 
quickly and conveniently collected by using cheap 
and non-invasive methods.10 For younger children, 
who seem to be one of the target audiences in the 
context of saliva sampling instead of respiratory 
secretions, a saliva test is a much more attractive 
and less invasive form of collection, and this paper 
describes a number of saliva collection techniques 
for children in different age groups. There is no 
specific information in the literature on the types of 
test and how to perform salivary for the diagnosis 
of COVID-19. Therefore, the aim of this study was to 
review the literature on the possibilities to diagnose 
COVID-19 in children by means of saliva sampling 
and analyses and to describe appropriate collection 
techniques for different age groups. 

Symptomatology of COVID-19 
in childhood

There are a few studies on COVID-19 in children. 
When compared to infected adults, the number of 
cases is lower in children, symptoms are considered 
milder, the mortality rate is lower11,12 and the prognosis 
is more favorable.3,13 It has been shown that in infants 
and young children, the disease is relatively more 
severe than in older children and adolescents.14

At the present time, the contamination in 
this group occurs through contact with infected 
adults, as children’s environments such as schools, 
kindergartens and playgrounds remain closed.8 
There is a low probability of transmission to neonates 
whose mothers are diagnosed with COVID-19 at 
delivery, provided that breastfeeding is performed 
with the recommended precaution measures, such 
as the correct washing of hands and use of face mask 
by the mother.3

The incubation period in children is generally 
of two days, but can vary from 2 to 10 days.6 The 
clinical classification and characteristics of the novel 
coronavirus infections are described in Table 1. 
Although symptomatic cases usually attract more 
attention, asymptomatic children should be closed 
monitored as they can play a significant role in 
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the transmission of SARS-CoV-2 infections.15 
Asymptomatic infected children are defined as those 
who do not have any clinical signs and symptoms or 
imaging findings of the disease such as the ground 
glass patching opacities in the thorax tomography, 
but tested positive for COVID-19 by RT-PCR or a 
serological method.3

On the other hand, symptomatic infected children 
may have fever, dry cough, fatigue, upper airway 
respiratory symptoms (e.g. nasal congestion and 
runny nose) and gastrointestinal symptoms (e.g. 
abdominal discomfort, nausea, vomiting, abdominal 
pain and diarrhea).15,16

Although the literature shows that there are several 
cases of mildly affected children, SARS-CoV-2 may 
cause a severe multi-systemic hyper-inflammatory 
reaction in genetically predisposed children, described 
as a Kawasaki’s disease. This condition is likely to 
have a viral etiology and myocardial cell tropism, 
causing myocarditis and affecting the coronary 
arteries.17 The diagnosis criteria for Kawasaki’s 
disease is the presence of fever for five days with at 
least four out of five clinical criteria, in the absence 
of an alternative diagnosis.8

Jones et al.,8 were among the first authors who 
reported a case of a 6-month-old infant with COVID-19 
infection and Kawasaki’s disease. According to them, 

the child presented with fever, restlessness, refusal 
to eat, irritability, limbic sparing conjunctivitis, dry 
cracked lips, and the presence of an erythematous, 
apparently non-pruritic, blotchy cutaneous rash, mild 
sub-costal retractions suggestive of a respiratory 
distress and faint opacities were observed in the 
middle area of the left lung on the chest radiography. 
The echocardiogram was normal.

As far as we are concerned, there is not yet 
a guideline especially devoted to children with 
COVID-19 and comorbidities, such as chronic 
respiratory diseases, immune suppression conditions, 
uncorrected heart disease and chronic kidney disease. 
This population needs better surveillance, early 
diagnosis and supportive treatment.14

Re-opening of schools and saliva 
as a diagnostic fluid 

Due to the COVID-19 pandemic, kindergartens 
and schools were closed in an attempt to restrain 
the dissemination of the virus among children, the 
school staff, and their families. This measure has been 
discussed by UNESCO together with UNICEF and 
WHO. In general, the closure of schools causes a negative 
impact on child learning18 besides puts additional 
economic and psychological stress on families.19

Table 1. Clinical classifications of the characteristics of the 2019 novel coronavirus infections in children according to an expert 
consensus statement.15

Clinical classifications Characteristics

Asymptomatic infection
Children tested positive for 2019-nCoV, but without clinical manifestations or abnormal chest imaging 
findings.

Acute upper respiratory tract 
infection

Children presenting with fever, cough, pharyngeal pain, nasal congestion, fatigue, headache, myalgia 
among other signs and symptoms, but without signs of pneumonia according to the chest imaging or sepsis.

Mild pneumonia
Children with or without fever, respiratory symptoms such as cough; and chest imaging indicating 
pneumonia, but not reaching the criteria of severe pneumonia.

Severe pneumonia

1. Increased respiratory rate: ≥ 70 times/min (<1 year), ≥50 times/min (≥1year) (after ruling out the 
effects of fever and crying);

2. Oxygen saturation;

3. Hypoxia: assisted breathing (moans, nasal flaring, and three concave signs), cyanosis, intermittent apnea;

4. Disturbance of consciousness: somnolence, coma or seizures; 

5. Food refusal or feeding difficulty, with signs of dehydration.

Critical cases
Those who meet any of the following criteria and require ICU admission: (1) Respiratory failure requiring 
mechanical ventilation; (2) Shock; (3) Combined with other organs failure.
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However, the re-opening of schools should 
only take place after ensuring that all students and 
school employees are safe,20 which is consist with 
the sanitation measures taken by each country.18 It 
is known that, in view of the current circumstances, 
children may be at real risk of contracting COVID-19 
infection regardless of their age.88 According to 
Viner et al.,21 children and adolescents aged between 
10 and 19 years old can be as vulnerable to the new 
coronavirus infection as adults. Another study 
showed that the replication of SARS-CoV-2 in older 
children led the viral load to levels similar to those 
found in adults, whereas significantly higher amounts 
are detected in children younger than 5 years old.20 
Because all these age groups correspond to the 
school-age population, the return to school could 
lead to new outbreaks of the disease as children and 
adolescents may not respect the safety measures, thus 
increasing the risk of contamination. 

There are some protocols being used in commercial 
places for restraining the dissemination of the virus, 
namely: cleaning the shoes before entering the 
building, measuring the body temperature, wearing 
face mask mandatorily, washing hands with soap or 
rubbing them with 70% alcohol, and keeping social 
distancing of about 1.5 meter from another person.19,22

The document  entitled  “Considerations for 
school-related public health measures in the context of 
COVID-19”, developed with input from the Technical 
Advisory Group (TAG) of Experts on Educational 
Institutions and COVID-19 and experts from WHO, 
UNICEF, and UNESCO, reports some more specific 
indications for school operations in the context 
of COVID-19.23 Table 2 shows the summarised 
information of this document.23 This guidance is 
relevant for children, parents or caregivers, teachers 
and other staff, besides having an impact on the 
general society.

Thus, thinking about the function and importance 
of schools for the intellectual and social development 
of children, the re-opening must be done safely. For 
this reason, large-scale testing using saliva24 can be 
a viable alternative to ensure testing of all children 
and school staff before and during the re-opening of 
the schools. Hence, depending on the child’s age and 
level of understanding about the pandemic, complying 

with safety rules can be complicated. In addition, the 
suspicion of positive COVID-19 can be more difficult, 
especially when they are asymptomatic, making it 
difficult to screen for SARS-CoV-2.

Saliva-based diagnosis and 
screening of COVID-19 
in children 

Many studies report that blood has a direct 
relationship with saliva due to the existence of 
cellular and molecular bonds between these fluids.25 
It is suggested that both salivary IgG and IgM are 
derived from blood. Saliva is a mixture of secretions 
of different salivary glands, desquamated oral 
epithelia, gingival crevicular fluid and several 
microorganisms. It also contains a large number of 
proteins, such as immunoglobulins, in particular 
of secreted IgA, mucins, and enzymes, as well as 
metabolites, hormones, and electrolytes.26 This 
composition allows the detection of pathogens in 
saliva and also the quantification of biomarkers 
that can provide information on the immunological, 
inflammatory, endocrine, and metabolic status of 
each individual.27,28,29,30

Viral infections can be diagnosed in the saliva by 
directly targeting the genetic material of the virus 
(i.e. DNA or RNA) or indirectly, by searching for 
signatures left by these infections, such as proteins 
(proteomic analysis), metabolites (metabolomic 
analysis), miRNAs and other transcriptomic analyses 
and immunoglobulin profiles (IgA, IgG and IgM).31

Immunoglobulins such as IgM, IgG and IgA, the 
latter abundant in saliva, can act as biomarkers in the 
saliva, allowing this fluid to be used for diagnosing 
and monitoring of these infections.32 In addition, 
they also enable the development of point-of-care 
diagnostic devices, which are extremely useful for 
mass application.33

SARS-CoV-2 has been found in saliva on a sustained 
basis.34 The viral particles found in the oral cavity 
can come from different sources, such as the upper 
respiratory tract, crevicular gingival fluid and/or 
come directly from the salivary glands.35

In fact, asymptomatic individuals do not present 
with a typical respiratory pattern despite the 
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presence of viable virus particles in their oral fluids.36 
In this sense, in the context of other infectious 
diseases, some studies have shown that it is possible 
to detect the presence of different viruses in  
saliva samples.35,37,38

Saliva collection is a simpler and cheaper procedure, 
in addition to being better tolerated by children and 

their parents, which makes this method even more 
attractive for the pediatrician as it is a minimally 
invasive approach.39 Another advantage of this 
collection method is that it can be safely performed 
by the children’s parents, which significantly reduces 
the costs of COVID-19 testing, as no specialised 
professional is needed for the sample collection, 

Table 2. Summary of considerations for school-related public health measures in context of COVID-19.23 

 Orientations Detailing

Physical distancing

Maintain a distance of at least 1 metre for both students (all age-groups) and staff, where feasible. 

Limit mixing of classes and of age groups for school and after-school activities. 

The high-school timetable can be modified, with some students and teachers attending in the morning, 
others in the afternoon, others in the evening. Schools can also minimize shared break times by alternating 

when and where classes take meals. 

Consider increasing the number of teachers or having recourse to volunteer support, if possible, to allow for 
fewer students per classroom (if space is available). 

Ensure crowd control during school or day-care drop off and pick up periods; clearly identify entry and exits, 
with marking direction for walking; consider restrictions for parents and care-givers entering school campus 

and premises. 

Create awareness that ensures students do not gather in large groups or in close proximity when in lines, 
when leaving the school and in their free time. 

Wearing of masks 

Children aged 5 years and under should not be required to wear masks.

For children between six and 11 years of age, a risk-based approach should be applied to the decision to 
use a mask.

Children and adolescents 12 years or older should follow the national mask guidelines for adults.

All efforts should be made to ensure the use of a mask does not interfere with learning.

Ventilation

Consider using natural ventilation. 

Ensure adequate ventilation, mainly to occupied spaces.

If heating, ventilation and air conditioning (HVAC) systems are used, they should be regularly inspected, 
maintained and cleaned. 

For mechanical systems increase the total airflow supply and the percentage of outdoor air, such as by using 
economizer modes of HVAC operations (potentially as high as 100%).C17

Disable demand-control ventilation (DCV) controls that reduce air supply based on temperature or occupancy.

Consider running the HVAC system at maximum outside airflow for 2 hours before and after times when the 
building is occupied. 

Hygiene and daily practices

Create a schedule for frequent hand hygiene.

Provide sufficient soap and clean water or alcohol-based rub at school entrances and throughout the school 
and in classrooms.

Schedule regular cleaning of the school environment as well as daily increase frequency of cleaning in the 
canteen, gym and sports facilities and changing rooms.

Put in place respiratory and hand hygiene and physical distancing measures in transportation such as 
school buses.

Screening and management 
of sick students, teachers and 
other school staff

Enforce the policy of “staying at home if unwell” for students, teachers or school staff with potential 
COVID-19 infection and connect them with local healthcare providers for assessment, testing and care. 
If possible, connect with local organizations to provide home care support and ensure communication 

between home and school.

 Consider daily screening for history of fever or feeling feverish in the previous 24 hours upon entry into the 
building for all staff, students and visitors to identify persons who are sick.

Ensure students who have been in contact with a COVID-19 case stay home for 14 days. School officials 
should notify public health authorities in the event of a positive COVID-19 case among students or staff.

5Braz. Oral Res. 2020;34:e0125
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and consequently, there is no risk of exposure for 
the healthcare team.40

Saliva collection techniques 
for children 

There is a great variety of saliva collection methods, 
such as aspiration with syringe and test tube, open 
or closed suction, expectoration or spit, drainage 
and swab. The choice of the method for children 
should be made according to their age and degree 
of understanding (Table 3).41

To perform the salivary tests, it is not necessary 
to perform tooth brushing or make a mouthwash.42 
As the diagnosis is also for virus, this type of test 
can be made at any moment of the day. An important 
aspect to be considered is that the amount of saliva 
to be collected should be around 3 mL, which can be 
accomplished with or without stimulation. In case 
of saliva production after stimulation, the collection 
procedure can be performed mechanically (e.g. 
chewing gum, paraffin, latex) or chemically (e.g. citric 
acid at 1–5%).43 Irrespective of the collection method 
chosen, it is a challenge to collect enough saliva 
from neonates and infants up to 3 months of life, as 
this group of children in general produce very little 
saliva.44 In the literature, it is recommended to drip 
some drops of 5% citric acid onto the sub-lingual 
floor in order to stimulate an increased production 
of saliva,45  which  will therefore be aspirated with 
syringe and test tube.46

In children older than 6 months, the salivary 
glands in the oral cavity region begin to produce 
saliva spontaneously and regularly, which certainly 

make its collection easier. This can be carried 
out in two ways, namely, by aspirating the saliva 
with syringe and test tube or by using the open 
suction technique.47

In the open suction technique, the saliva is aspirated 
through a plastic tube, which is connected to a portable 
suction machine, into a container where it will be 
collected and stored. For this type of collection, 
the child should be encouraged to keep the mouth 
open for 15 seconds, on average, at intervals of two 
minutes.47 There is also the closed suction technique, 
in which a saliva collection tube is placed below the 
tongue and the child is asked to keep the lips closed 
around it for two minutes.47However, this technique 
is indicated only for children older than 3 years.

For children older than 6 years, saliva can be 
collected by using the expectoration or spit method, 
in which the child should keep the mouth closed for 
three minutes without swallowing so that the saliva 
is accumulated and then spit into the collection tube.47 
However, because this technique may be difficult to 
perform in some children due to their difficulty in 
not swallowing the saliva for a given period of time, 
the drainage technique can be a viable alternative. 
In the drainage technique, the child is initially 
asked to swallow the saliva, so that new amounts of 
saliva are produced before being drained through 
the half-opened lips and directly stored into the 
collection tube.

The swab method can also be used as an alternative 
for collecting saliva. For doing so, three cotton rolls 
are placed in different sites of the oral cavity: one 
below the tongue in order to absorb the saliva close 
to the excretory duct orifices of the sub-mandibular 

Table 3. Summary of the saliva collection techniques according to the children’s age group.

Techniques
Age

0-6 months old
Early childhood (up 

to 3 yrs)
Pre-school age (3– 

6 yrs)
School age (> 6 

yrs)

Aspiration of saliva with syringe and test tube X X    

Open suction   X X X

Close suction     X X

Expectoration or spit       X

Drainage       X

Swab   X X X
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and sub-lingual glands, and the other two cotton rolls 
close to the excretory ducts orifices of the parotid 
glands, one on each side of the oral cavity. The cotton 
rolls should remain inside the child’s oral cavity for 
2-3 minutes, on average, so that they are soaked with 
saliva. At the end of the saliva collection, the cotton 
rolls are removed and placed into a test tube before 
being properly closed. The recovery of the absorbed 
saliva occurs by means of centrifugation of the test 
tube containing the cotton rolls inside,48 which results 
in a sample of clear fluid. This technique requires no 
cold storage, a condition that is frequently used in 
other methods for saliva collection.48,49,50

Conclusion 

COVID-19 symptomatic and asymptomatic patients 
can be diagnosed by means of saliva, whose advantage 

is to be less invasive, simpler, cheaper and relatively 
quickly sampled. In addition, the risk of dissemination 
for healthcare professional is reduced as the saliva can 
be collected by the own individual or the children’s 
parents. Another important advantage of saliva 
is that it can be serially collected, which is a key 
factor in a dynamic infection context, as is the case 
of COVID-19. Another point to be highlighted is that 
saliva is an excellent fluid to detect not only the virus 
genetic material, but also signatures of previous 
infections by using proteins (proteomic), metabolites 
(metabolomic), micro RNAs and transcriptomic and 
immunoglobulins, mainly IgA analyses.

In view of this, saliva can be considered an 
alternative biological fluid for screening and 
diagnosing COVID-19 in children, thus playing a 
key role in the understanding of the behaviour of 
the infection in childhood. 
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