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Infants: A Comparison Study between Oral Swab and  
Pacifier-based Saliva Collection
Daniel Novak

AbstrAct
Aim: This study aims to test the feasibility and effectiveness of a novel pacifier-based saliva collection method on children and infants in 
comparison to an oral swab-based saliva collection method.
Materials and methods: This study was performed during spring 2018 in a clinical non-sponsored setting at Queen Silvia Children’s Hospital 
pediatric emergency ward. Saliva collection was performed by comparing oral swab (Salimetrics® SalivaBio’s Children’s Swab) with a pacifier-based 
saliva collection method (Salivac®). All participating children used both saliva collection systems. The amount of saliva collected in 2 minutes 
was measured. The amount of time needed for the healthcare professional was recorded. Parental preference was evaluated by a questionnaire.
Results: No statistically significant difference was observed in collected saliva (174 µL for pacifier-based saliva collection and 158 µL for oral 
swab). The healthcare professional spent significantly less (p < 0.001) mean time with the pacifier-based saliva collection method than with the 
oral swab (31 vs 150 sec). A total of 48 out of the 52 caretakers preferred the pacifier-based saliva collection method compared to the oral swab.
Conclusion: The novel pacifier-based saliva collection method proved to be a feasible, appreciated, and effective way of collecting saliva that 
simplifies the saliva collection method among children and infants.
Clinical significance: The pacifier-based saliva collection method simplifies saliva testing. The closed vacutainer system minimizes the risk of 
saliva contamination and opens up for novel home testing strategies.
Keywords: Child, Collection, Oral swab, Pacifier, Saliva.
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IntroductIon
Invasive diagnostics tests, such as blood tests, are notoriously 
difficult to perform on children in both medical and dental practices. 
Non-invasive tests are preferred by the child, their caregivers, 
and the healthcare professional with an aim to minimizing the 
discomfort and simplifying the testing procedure.

Saliva testing is a non-invasive testing procedure that has 
received increased attention during the last years and with 
improved laboratory testing techniques, more analysis of saliva are 
being possible.1,2 Saliva has been suggested to play a vital role in 
future diagnostics of oral and systemic diseases.1 Saliva also plays 
an important role in the maintenance of oral and dental health 
and studies suggest numerous clinical situations that warrant 
saliva testing.3,4

Saliva collection among young children and infants is difficult 
since they have not yet learned to spit and the process of collecting 
saliva by passive drooling is too difficult. The current saliva collection 
technique among children and infants include cotton rope, syringe 
aspiration, filter paper, hydrocellulose microsponge, and oral swabs.5 
All procedures require that the collection device be kept in the child’s 
mouth for 1–3 minutes and that post-collection the saliva needs to 
be extracted from the collection device before analysis. All current 
methods are time-consuming with a need for concurrent supervision 
to minimize the risk of the child or infant choking on the collection 
device. The extraction of saliva from the collection device is also 
time-consuming and increases the risk of contamination of both the 
saliva and the healthcare professional. Another problem is to achieve 

a sufficient amount of saliva needed for the analysis within the time 
span the child or infant allows the collection device to be in their 
mouth. The goal is, therefore, to find a safe and time-efficient saliva 
collection technique that minimizes contamination, collects enough 
saliva, and above all is acceptable to both infants and children.

This study aimed to compare an oral swab saliva collection 
device with a novel pacifier-based saliva collection device among 
children and infants. In this comparison study, the two devices were 
compared in regards to the amount of saliva collected during the 
same time, the amount of work spent by a healthcare professional, 
and also the acceptance of the device.
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Method

Participants
Children and infants were recruited at the emergency ward at Queen 
Silvia Children’s University Hospital, Gothenburg, Sweden between 
February and April 2018. Inclusion criteria were children and infants 
under six years of age visiting the emergency ward with both caregivers. 
Exclusion criteria were children with an oral-facial malformation that 
did not allow pacifier use or children with salivary gland disorders, or 
previously collected saliva by one of the two devices. Both caregivers 
were informed about the study, orally and by written text. Infants were 
defined as children under the age of 12 months. A total of 20 infants 
and 30 children under the age of six years were recruited.

Saliva Collection 
For the oral swab, the Salimetrics® SalivaBio’s Children’s Swab (SCS) 
was used. In accordance with the manufacturer’s instructions, the oral 
swab was placed in the child’s mouth for exactly 2 minutes. The author 
had to hold the swab in his hand the whole time to confirm the swab 
stayed in the child’s mouth, collecting saliva and preventing it from 
being swallowed. After the saliva collection was done the swab was 
inserted into a 5 mL syringe and compressed to expel the total amount 
of saliva collected. The saliva was then measured in µL by a pipette. 

The pacifier-based collection device (Salivac®) is designed as 
an ordinary pacifier but enables saliva to be collected within the 
device by the child or infant sucking on the pacifier. The pacifier 
was placed in the child’s mouth for exactly two minutes. The 
pacifier-based collection device was then connected to a vacutainer 
system enabling the collected saliva to be transferred to a standard 
vacutainer by means of pressure difference. The saliva is therefore 
transported within a closed system minimizing contamination. 
Collected saliva in the vacutainer was extracted by means of a 
pipette and the amount of saliva measured in µL. 

Both saliva collection methods were used on each participating 
child. After one device was used, the child was allowed to rest for 
5 minutes to allow the mouth to achieve normal saliva status again. 
After the rest, the other device was used. Since both devices were used 
in a consecutive manner on each child the order of which device that 
was used first was interchanged throughout the study. The reason 
for this was to prevent the possibility of the second device collecting 
less saliva because of a tired and less cooperative child. Half the time 
the swab was used first and half the time the pacifier was used first. 

The time consumed for the healthcare professional for each 
device was measured in minutes and it was the actual time the 
healthcare professional needed to hold the device.

Questionnaire
Both caregivers were asked to answer a short questionnaire, 
consisting of 4 questions after both collection procedures were 
performed. The questionnaire contained questions regarding the 
child’s prior experience of the pacifier and how long the child had 
been breastfeeding. The questionnaire also contained questions 
regarding how the caregivers perceived the collection devices to 
be and which saliva collection device the caregivers believed their 
child liked the most.

Statistical Methods
We tested for significant differences in mean saliva values and mean 
time consumed using t-tests and χ2 tests for categorical outcomes. 
All p-values are two-sided and values of <0.05 were considered 
statistically significant.

Ethical Considerations
The study was approved by the regional ethical review board 
and performed in accordance with the Declaration of Helsinki. 
It was emphasized that participation in the study was voluntary 
and that they could discontinue the study at any stage and their 
current treatment at the emergency ward was not affected by their 
participation or not participating in the study.

results
A total of 52 children (aged 2–30 months) participated in the 
study which included collecting saliva by both methods and also 
answering the questionnaire. No one declined for the study. A total 
of 22 infants and 30 children under the age of six years participated. 
The study group consisted of 24 girls and 28 boys. A total of 31 of 
52 children were previously or currently pacifier users. The results 
from both saliva collection methods are shown in Table 1. A mean 
of 158 µL was collected by the oral swab and a mean of 174 µl was 
collected with the pacifier-based collection device. Figure 1 shows 
the difference in the mean amount of saliva collected with each 
method. There was no significant difference in the amount of saliva 

Table 1: Results for 52 children testing both saliva collection methods. 
Collection time 2 minutes

Salimetrics® SalivaBio’s 
Children’s Swab Salivac®

Average age 
(months)

 23  23 n.s.

Previous pacifier 
experience (%)

 60  60 n.s.

Mean saliva  
collected (µL)

158 (0–350) 174 (0–300) n.s.

Mean time 
needed for 
healthcare  
professional (sec)

150  31 p < 0.001

Preference of 
saliva collection 
method (%)

  8  92 p < 0.001

Fig. 1: Amount of saliva collected after 2 minutes use in µL. N = 52. 
Difference non-significant
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saliva would have to be centrifuged for 15 minutes at 1500 × g in 
accordance with the product manual. This can only be done by an 
educated healthcare professional with access to a laboratory and 
would require substantially more time. This saliva extraction step is 
not required when using a pacifier-based saliva collection method. 
The saliva is quickly and safely transferred to a vacutainer. This 
transfer of saliva does not need any healthcare education and can 
be done by a one-hand grip by a caretaker. This simplifies the saliva 
collection procedure. In future saliva collection scenarios, Salivac® 
can be used independently by the caregivers in the privacy of their 
own homes without the risk of contaminating the saliva sample.

The closed vacutainer system minimizes the risk of contaminating 
the saliva or the person collecting the saliva. The importance of not 
contaminating the saliva has increased with improved laboratory 
analysis especially saliva DNA.9 With the ability to connect the 
pacifier-based saliva collection device to a vacutainer prevents 
any contamination of the saliva or the testing person (caregiver or 
healthcare professional). The vacutainer can also be prefilled with 
a transport medium, such as nuclear acid stabilization media that 
has demonstrated cytomegalovirus (CMV) stability for up to three 
weeks.10 Transport or stability medium is often substances that 
could be irritating to both skin and mucous membranes and should 
only be used in laboratories with ventilation facilities. However, a 
prefilled vacutainer with a transport or stability medium would 
not allow the child or the person performing the saliva collection 
to come in contact with the substances. The advantage of having 
a prefilled vacutainers is that it enables saliva to be posted to a 
laboratory that facilitates the possibility of saliva collection at 
home. The importance of using a saliva collection device that does 
not risk contaminating the person handling the saliva cannot be 
emphasized enough during the 2019-nCoV epidemic.11

Both saliva collection methods were new and unfamiliar with 
the children participating in the study. The caregivers needed to 
engage themselves more in the oral swab collection to prevent 
the child from spitting it out. Many times saliva was collected from 
a crying mouth while using the oral swab. If this was due to the 
unfamiliar healthcare professional who needed to be close to the 
child the whole time holding the swab or because the swab tasted 
or felt different is difficult to know. However, less engagement 
was needed from the caregivers during the pacifier-based saliva 
collection procedure. In the initial phase, the child was hesitant due 
to the new look of the pacifier but after an often brief inspection it 
was inserted in the mouth and saliva collection began. Sometimes 
the testing device was extracted by the child, observed again, 
and then re-entered into the mouth. All this while, the healthcare 
professional was sitting at a safe distance observing. At the 
beginning of the design process of the pacifier, before the study 
was performed, the author noticed that it was important for the 
device to be light. A top-heavy device would push the pacifier to 
the palate that would cause discomfort for the child and no natural 
sucking would be achieved. 

Even though only 60% of the participating children (31/52) 
had any previous experience of pacifiers 92% of the caregivers 
preferred the pacifier-based saliva collection method compared to 
the oral swab (p < 0.001). Only one child refused the pacifier. The 
reason for the high acceptance rate might be that the format of the 
pacifier-based saliva collection device might have been familiar 
to the children, which is an important aspect in making the child 
comfortable and cooperative. Sucking on a pacifier is a non-nutritive 
behavior using inborn reflexes and is frequently used to calm and 
soothe infants. The prevalence of pacifier use varies between 

collected between the two methods when collecting for 2 minutes. 
The range was from 0 µL in both devices to a maximum of 350 µL in 
the pacifier-based collection device compared to the 300 µL in the 
oral swab. One child did not want to take the pacifier. In four cases 
we could not retrieve any saliva with neither of the methods. All 
these unsuccessful cases were among infants aged five months or 
less. The final sample size of children collecting saliva was therefore 
47 children (17 infants and 30 children). A total of 48 out of the 52 
caregivers preferred the pacifier-based saliva collection device over 
the oral swab (p-value < 0.001).

In a subsample of 15 children, the pacifier was used a second 
time for four minutes, from which the amount of saliva was 
collected. The reason for this was to explore if the amount of saliva 
could increase with an increased amount of collection time. In all 
but two of the children, the saliva amount was increased by at 
least 100 µL. In one of the children, the whole pacifier-based saliva 
collection procedure was performed while the child was sleeping.

The time consumed for healthcare professional performing 
the saliva collection process varied between methods (Table  1). 
A significantly less amount of time (p <  0.001) was spent while 
using the pacifier-based saliva collection method (31 vs 150 mean 
seconds). When using the oral swab the healthcare professional 
continuously needed to hold the oral swab in his/her hand to 
stimulate the child to suck on the swab but also to prevent the 
child from swallowing it. The time needed to centrifuge the saliva 
to extract the saliva from the swab was not measured.

The author hypothesized that the pacifier-based saliva 
collection method was more user-friendly for both the healthcare 
professional and the child compared to the oral swab.

dIscussIon
Saliva is gaining increasing attention as a non-invasive sample 
medium in endocrinology, virology, pediatrics, and dentistry.6 
The golden standard of saliva collection is passive drool but 
this is however not possible among children and infants.6 It is 
therefore vital that the healthcare system finds alternative saliva 
collection methods. This study compared two saliva collection 
techniques in infants and children in a clinical setting, oral swab 
vs pacifier-based saliva collection. The Salimetrics® SCS has been 
used successfully during recent studies collecting saliva in various 
community settings among children younger than five years.7,8 
The saliva collection time for SCS is 2  minutes which according 
to Tryphonopoulos et al. may be too long for infants to tolerate, 
which may decrease their compliance.5 To my knowledge there has 
not been any previous published scientific article describing saliva 
collection by means of a pacifier nor its comparison to swab-based 
saliva collection.

The study showed that there was no significant difference 
in the amount of saliva collected between the two methods but 
significantly less time was needed for the healthcare professional 
when using the pacifier-based saliva collection method. The time 
consumption for the healthcare professional was a mean of 30 
compared to 150  seconds with the oral swab (p  <  0.001). This 
extended time consumption needed for the oral swab was twofold. 
Firstly, because the healthcare professional needed to hold the swab 
during the whole collection process to confirm the presence of the 
swab in the child’s mouth but also to prevent the child from choking 
on the swab. Secondly, with the oral swab, the saliva needs to be 
extracted before analysis. In this study, the saliva was extracted 
by a syringe but if one should extract saliva the correct way the 
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countries and cultures but a recent prospective study for Danish 
children showed that 58% of them used pacifiers regularly.12 There 
have also been extensive discussions regarding both advantages 
and disadvantages of long term use of pacifiers.13 There should, 
however, not be any health disadvantage of using this pacifier-based 
saliva collection device since it is only for short term use.

Both saliva collection devices used stimulated saliva. The 
golden standard is passive drool, which is not possible to achieve 
among children and infants. The accuracy of stimulated saliva, 
especially in hormone analysis, has been questioned in multiple 
studies.2,14,15 There are, however, several saliva analyses where 
stimulated saliva is acceptable. Saliva collection for virus analysis in 
dental practice does not depend on passive or stimulated saliva.16 
Oral saliva microbiomes have shown to be minimally affected by 
different collection methods.17 Saliva has also been suggested as 
rapid identification of streptococci or influenza virus18,19 and even 
proven to be comparable to nasopharyngeal swab specimens in 
multiple viruses.20 A pediatric saliva collection device, therefore, 
needs to be simple, with high participation compliance and also 
minimizes the contamination risk of sample and sample handler.

The limitation of the study was the small sample size and that 
the saliva was not analyzed. The purpose of the study was however 
to investigate the acceptance of the device and also compare its 
saliva collection effectiveness to swab collection. Future studies 
need to analyze the saliva for relevant hormones, viruses, or bacteria.

conclusIon
This study leads to new knowledge in saliva collection within the 
pediatric population. This novel pacifier-based saliva collection 
simplifies saliva collection among children and infants. It proved 
to be a more feasible, more effective, and more accepted way 
of collecting saliva than the current saliva collection methods. 
Compared to the oral swab, it collects the same amount of saliva 
but with a significantly less amount of time spent by the healthcare 
professional. The closed vacutainer system minimizes the risk of 
contaminating the saliva or the person collecting the saliva and 
opens up for novel home testing strategies.
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