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Abstract

Salivettes have become a popular way to collect saliva for mucosal immune
analysis, but since they were not designed for this purpose there are reasons to be
cautious about their use. This paper presents three studies exploring the effects of
Salivette use on the measurement of immunoiogical and total proteins in saliva. Two
studies showed a substantial yet variable reduction in immunoglobulin A (IgA)
concentration and an increase in total protein concentration when Salivettes were used. In
addition, the results suggest a possible systematic bias as a significant relationship was
found between the volume of saliva added to Salivettes and the percentage reduction in
IgA. Athird study showed that isotonic saline filtered through Salivettes acquired a
substantial — and volume dependent — amount of total protein

In summary, Salivettes are not an unbiased way to collect unstimulated saliva
samples for immunological or non-immunological protein analysis and researchers should

consider carefully altemative collection methods.
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Salivettes (Sarstedt, Germany) have become one of the standard methods of coliecting
saliva for mucosal immune analysis in psychoimmune research (e.g. Bums et al., 2004;
Deinzer et al. 2000; Huckiebridge et al., 2000; Ring et al.,2005) and are increasingly being
used in large scale stress-immune surveys (e.g. Phillips et al. 2006; Evans et al., 2000).
However, the validity and usefulness of such research are dependent on the methods
used and there are reasons to be cautious about using Salivettes in research which
requires the quantification of immunoglobulins.

Salivettes were never designed for the collection of unstimulated saliva or for the
determination of the flow rate of saliva': they were specifically designed to change saliva
from a viscous fluid that needs to be frozen, thawed and centrifuged in order to precipitate
and ‘pellet’ solid matter into a clear fluid that needs no pre-treatment (Sarstedt, 2005/6).
This process may be altering more than simply the viscosity or clarity of the sample.

Measurement of salivary flow is critical for quantification of salivary
immunoglobuins; however cotton wadding-based methods of saliva collection yield
unreliable estimates of salivary flow (Navazesh & Christensen, 1982). The empirical
literature also provides some indication that Salivettes affect igA levels. Two small studies
have found that Salivettes substantially reduce IgA concentration (Aufricht et al., 1992;
Strazdins et al., 2005). A further study found significant reductions of IgA concentration
when saliva was fiitered through cotton wadding (Shirtdliff et al., 2001). Whilst these
findings suggest that filtering causes a reduction in igA, the very small sample sizes in

these studies do not allow such a condusion to be confidently drawn.

" Uniike many salivary measures, immunoglobulin A is flow-rate dependent and as such the collection of

unstimulated saliva and the determination of flow rate are vital.
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If filtering causes a consistent reduction in IgA then the rank order of the IgA
concentration values will be preserved, so determination of the absolute value becomes
less relevant. t is therefore crucial that we understand both the nature of any reduction in
IgA concentration and the impact that this has on rank order. Poor preservation of the
rank order will dramatically reduce effect sizes (Shirtdiff et al., 2001) and whilst this would
not necessarily bias in favour of experimental hypotheses there seems little point in using
a method of saliva collection that modifies IgA concentration such that there is no
relationship to the IgA in the participants’ original saliva samples.

Only two small scale studies have examined this vital area. Shirtcliff et al. (2001)
found no comrelation between IgA concentration values in saliva that had been filtered
through cotton wadding and in unfiltered saliva. Caution is needed in interpreting the
results of this study however since it used only 6 participants and did not specify which
material the saliva was filtered through (cotton wadding from Salivettes and/or another
type of cotton wadding). A second study using 13 participants found a statistically
significant but modest correlation (rs=0.66, df=13, p=0.003%) between the IgA
concentrations of saliva which had been filtered and that which had not (Strazdins et al.,
2005). However, it is not the significance of the correlation which is important here; rather
we need to consider its magnitude. Thus, knowing the IgA concentration from Salivette-
filtered saliva explains less than 40% of the variance in rank order of the IgA from
unfiltered saliva, leaving over 60% unexplained. However, with such a small sample the

magnitude of the correlation must be treated with caution. The existing literature therefore

2 The authors report using 15 participants in this study but have collected data from two participants twice,

hence the number of data points in the study and the numbers of participants are different.
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does not provide a coherent picture of the impact that Salivettes have on IgA
concentrations.

It is vital for the development of research in this area that we obtain a fuller
understanding of the impact of Salivettes on saliva, yet the limited research conducted to
date is methodologically flawed with disparate findings. We therefore report here on two
studies which utilised different methodologies in order to explore more systematically and
with a larger sample the way in which Salivettes affect the quantification of immunological
and total proteins.

All research was approved by Anglia Ruskin’s University Research Ethics
Committee (UREC).

Study |

Methods.
In order to examine the possible impact of the use of Salivettes upon igA levels in
naturalistic conditions, 35 participants provided saliva using two methods: (i) a modified
version of the passive drooling method of Bosch et al. (1996) and (ii) Salivette.
Participants were asked to have a drink of water to clear their mouths and then waited five
minutes before providing a saliva sample using one of the two methods (the method order
was randomised). Participants then waited a further 10 minutes, again using water to clean
their mouths, waited 5 minutes and then provided a saliva sample using the other method.

For passive drooling, participants were asked to dear their mouth of saliva by
swallowing, then tilt their head forward and aliow saliva to coliect for two minutes without
swallowing. At the end of the two minutes the resulting saliva was drooled into a plastic

test tube. With the Salivettes the procedure was the same, except that after tilting their



[ Bied

head forward participants placed a Salivette swab under their tongue for exactly two
minutes. Once both saliva samples had been collected they were frozen at -80°C.

When required for assaying samples were thawed. Saliva was extracted from
Salivettes by centrifuging at 1500g for 10 minutes. The samples were then 'vortexed' to
fully homogenise the saliva and then centrifuged at 1500g for 10 minutes to pellet any
solid matter. The extracted saliva volume was determined gravimetrically.  IgA analysis
was conducted using commercial IgA Single Radial immuno Diffusion Kits (SRID; Dade
Behring, UK). These kits were used in line with the manufacturer's instructions. Briefly,
20yl of each unknown saliva sample and three 'standards’ with known amounts of IgA
were introduced into pre-cut wells in the agar-coated plate. The assay range was 7 — 120
ug.mi” and all results were multiplied by 3.25 to correct for the sedimentation coefficient of
dimeric IgA in saliva (Brandtzaeg et al., 1970) giving a corrected range of 23 — 390ug.ml™ .
Plates were incubated at room temperature for 72 hours and the diameter of the resulting
precipitate rings was read using a 10X magnified eye piece to the nearest .imm. Each
ring diameter was read independently by two researchers. The concentrations of the IgA
standards were regressed against the squared diameter of the resulting precipitate rings to
calibrate each SRID plate. The manufacturer’s criterion for acceptability was that the
ordinate intersection of linear regression was at 21.0 +/ 4.5mm? . The correlation between
reference IgA and squared precipitate rings exceeded 0.99 on all plates. Any unknown
sample with a diameter that exceeded 10mm was diluted in 0.9% isotonic saline and re-
assayed. Any sample that did not form a precipitate ring was re-assayed to confirm the
lack of aring. The manufacturers report intra-assay precision as 2.9% and inter-assay

precision as 3.0%.
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Total protein was determined using a commercial microplate assay (Pierce,
US). The Pierce BCA protein assay was conducted according to the kit instructions. A
range of aibumin standards diluted in 0.9% isotonic saline was used to cover 20 —
2000ug.ml™. 254l of standards were added to the appropriate wells in triplicate and
unknown saliva samples were added undiluted in dupiicate. Isotonic saline was pipetted
in triplicate as the zero standard. 200 of Working Reagent (Pierce, US) was added to
every well, the microplate covered and incubated for 1 hour at 37°C, the plate was allowed
to cool and then the optical density of each well read at 560nm (Dynex MR X Il microplate
spectrophotometer). Any samples with a CV% over 10% were re-assayed. Samples which

exceeded 2000ug.ml™" were diluted 1:1 in 0.9% isotonic saline and re-assayed.

Results

One participant’s data were more than 2 SD above the mean for Salivette IgA,
passive drooling IgA and total protein and therefore their IgA data were excluded from all
analyses. Two participants’ Salivette IgA samples did not show precipitate rings and one
participant did not show precipitate rings in either Salivette or passive drooling samples.
Samples that did not develop precipitate rings were excluded from all analyses since whilst
the sample must have less than 23ug.ml™, the precise IgA value couid not be determined.

There were no significant interactions between order of presentation and sampling
method for any of the measures (IgA concentration: Fi.¢= .68, p=ns; IgA secretion: Fy 29
= .43, p=ns, total protein: F, 59 = 3.00, p=ns; salivary flow rate: F; .5 = 2.78, p=ns).
Salivettes had significantly lower IgA concentration (F427= 78.81, p<.0001), IgA secretion

rate (F,27=4.26, p=.049) and significantly higher saliva volume (F;27;=9.38, p=.005) and
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protein concentration (F,24=5.43, p=.028). The means and standard deviations for all

measures are in Table One below.
INSERT TABLE ONE ABOUT HERE

There was no evidence of order effects for any of the measures and accordingly all
correlations were performed on the entire data set.

There was a significant but modest correlation between the IgA concentrations of
both methods (r=.60, n=29, p =.001; r,= 0.50, p<.005; see Figure One below) however the
secretion rates of IgA showed no evidence of a relationship {(=.03, n=29, p=ns) (see
Figure Two). There was no correlation between the two total protein concentrations

(r=.256, n=26, p=ns) or the saliva flow measures (r=-.03, n=33, p=ns).

INSERT FIGURE ONE ABOUT HERE
INSERT FIGURE TWO ABOUT HERE

Discussion

The Salivette-filtered saliva had a substantially lower IgA concentration rate. The
reduction in IgA concentration occurred in every sample and is clearly a very powerful
effect. However, the magnitude of the reduction was far from consistent and this led to
extensive alteration in the rank ordering of the IgA concentrations. Indeed, the IgA

concentration in saliva collected from Salivettes explains only 25% of the variance of the
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rank order of IgA collected via passive expectoration; the IgA secretion in saliva from
Salivettes explains none of the variance in secretion rate of IgA coliected via passive
expectoration. Given the experimental design we cannot show that the IgA levels did not
change over the 15 minute collection period. However, there is ample research to
demonstrate stability of IgA concentrations over periods of days and weeks (e.g.
Wetherell et al., 2004; Ring et al., 2002, Bosch et al. 2001 & Willemsen et al., 1998) and it
is reasonable to assume a good degree of stability over 15 minutes. The reduction in IgA
in Salivettes is substantial. On average Salivette saliva samples had only 55.80.1% (SD
18.72) of the IgA in the corresponding passively drooled sample. The percentage by
which IgA was lower in Salivettes however was remarkably variable ranging from 20.29
through to 86.51% (see Figure Five).

There is no correlation between the IgA secretion values of the two methods but
this is attributable to the lack of relationship between the flow rates of the two methods
Salivettes were never designed for unstimulated saliva collection and have been shown to
provide poor estimates of unstimulated salivary flow rates. Higher concentrations of total
protein were detected in the Salivettes with no evidence of a relationship between the two
measures of total protein. These are unexpected findings. If immunological proteins bind
to cotton wadding (as proposed by Strazdins et al. 2005) then binding of non-
immunological proteins would also seem likely, however this has not happened. The
result cannot be explained by the methodology — protein levels were higher in Salivettes
regardless of order of presentation. There are however more plausible reasons that could
account for this. Firstly, the two samples could be from different mixes of saliva gland

secretion. Secondly, the Salivettes may be ‘leaking’ something into the saliva which is
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then detected by the protein assay as an increase in protein. The lack of correlation
between the total protein measures from the two collection methods again supports the
idea that Salivettes are not an unbiased collection method for unstimulated saliva.

In naturalistic use and with a large sample we have confirmed that Salivette-filtered
saliva leads to a substantial and variable reduction in IgA concentration. Unlike Shirtcliff et
al. (2001) we have found evidence for a relationship between IgA concentrations in
Salivette filtered and passively drooled saliva which is in line with that found by Strazdins
et al. (2005). Protein concentrations were increased in Salivette filtered saliva which may
be evidence of leakage from the cotton wadding into the saliva. On the basis of this last
finding, we conducted a second study to test the hypotheses that the higher protein

readings were caused by ‘leakage’ of protein or other chemical from the Salivettes.

Study I

Methods

In order to test our hypothesis we added isotonic saline to Salivette cotton wadding,
centrifuged the Salivettes to extract the saline, and then tested the extracted saline for
protein concentration. Isotonic saline contains no protein and has been used as the blank
sample in all of the protein assays reported in this paper. Any protein in the filtered saline
can only have come from the Salivettes. Four different volumes of isotonic saline (500,
1000, 1500 and 2000ul) were each added to five Salivettes. The Salivettes were stored at
room temperature for 10 minutes before being frozen at -80°C until required for assay. On

the assay day the samples were thawed, isotonic saline was extracted by centrifuging at

10
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1500g for 10 minutes. The protein assay was conducted as in study Ii except that the

isotonic saline extracted from the Salivettes was added to the assay undiluted.

Results & Discussion

The isotonic saline extracted from the Salivettes contained a high level of protein
that varied according to the volume which had been added to the Salivettes (Fa16 = 112.7,
p <.001; see Figure Three below). All comparisons were significant using bonferroni
corrected t-tests except 1000l compared with 1500ul and 1500pl compared to 2000p1.
The levels of protein detected by the assay in the saliva are not insignificant — the mean
level of protein extracted in this study was 612 pg.ml™ compared with the average protein
concentration found in Salivettes in Study Il of 1727ug.ml™. It is clear that Salivettes alter
the fluid that is extracted and cause higher levels of protein to be detected and that the

concentration detected is dependent on the amount of fluid added to the Salivettes.
INSERT FIGURE THREE ABOUT HERE

Study il
On the basis of our findings in studies | and Il we hypothesised that the filtering of
saliva through the cotton wadding of Salivettes would directly lead to (i) an increase in
protein in the saliva, and (i) a significant disturbance in the rank ordering of the IgA
concentrations. In order to explore these hypotheses, we obtained saliva samples via
passive drooling and filtered haif of each sample through the cotton wadding of a Salivette

whilst the other half was simply transferred into a test tube. This ensured that both saliva

11
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samplies were identical; any differences in the IgA or total protein concentrations from the

saliva extracted from Salivette can be directly attributed to the cotton wadding.

Methods

38 participants provided an unstimulated saliva sample by drooling into a large
aperture test tube every minute for four minutes. The saliva was stored on wet ice until
transported back to the laboratory where it was thoroughly mixed and then centrifuged at
15009 for 10 minutes to ensure that any solid matter was pelleted. The supernatant
volume was then measured and split between another plastic test tube (control saliva) and
cotton wadding from a Salivette. The tubes were left at room temperature for 10 minutes
before being frozen at -80°C. When required for assaying the saliva was thawed at room
temperature and then all tubes were centrifuged at 1500g for 15 minutes. The IgA assays
and protein assay were the same as for study | except that following the data from study |

saliva samples for protein analysis were diluted 1:4 in isotonic saline.

Results

Of the 38 pairs of data four of the Salivette samples did not show any precipitate
ring. As in Study | these data points were excluded from the statistical analysis.

IgA concentration in saliva extracted from Salivettes was significantly lower than IgA
concentration in the unfiltered saliva (128.88 ug.ml™ [SD: 84.52] and 277.57 pg.m!™ [SD:
142.88] respectively; t=8.31, df=33, p <001). There was a significant correlation between
Salivette and control IgA concentration values (r=0.69, df=32, p <.001; see Figure Four

below). There was significantly more protein in the Salivette samples than the control

12
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saliva (1727.00 pg.ml™ [SD: 593.10] and 1035.49ug.ml”" [SD: 383.66] respectively;
t=8.65, df=37, p<.001). There was a significant correlation between Salivette and control

protein (r=.563, df=38, p<.001;r.=.731, df=36, p<.001).
INSERT FIGURE FOUR ABOUT HERE

Discussion

As we hypothesised, Salivettes are responsible for the disturbance in rank ordering
of IgA concentrations which we had observed in Study I. The two concentration values in
this study were from the same saliva sample, the only difference being that one half was
filtered whilst the other half was left untreated. If Salivettes are an unbiased method of
saliva collection then we would expect the rank ordering of the IgA concentrations to
remain the same. However, we found a substantial disturbance of the rank ordering, such
that only 40% of the original rank ordering can be explained by the the IgA concentration
in the filtered saliva. The comelation we obtained is very close to that obtained in study I.
Furthermore, the percentage reduction in IgA in the Salivette filtered IgA is very similar to
that found in study | — with a mean reduction of 52.37% (SD 20.22) and a range of 10.55-

90.0% (see Figure Five).
INSERT FIGURE FIVE ABOUT HERE

Consistent with our initial findings the Salivette-fiitered IgA concentration was

reduced in every sample. It is worth noting the reduction of IgA in the Salivettes that did

13
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not show any precipitate ring - the average IgA concentration in the paired untreated

saliva was 246.88ug.ml" (SD: 108.67). Thus, the Salivette saliva samples ‘lost’ a large
amount of IgA and there seems to be no reason why these particular samples suffered this
severe reduction. This finding underlines the large amount of random error that Salivettes
can add into the assessment of IgA concentration. The exclusion of Salivettes with IgA
concentrations too low to be measured in the assay means that the magnitude of the
correlation reported here is artefactually high.

We find support for our second hypothesis as there was a significant increase in
protein in the saliva extracted from the Salivette cotton. As with the reduction of IgA in
both studies, the increase in protein concentration in the Salivette filtered saliva occurs in
every sample. As this study used identical saliva samples it cannot have been caused by
collection of a different type of saliva: the Salivettes are either causing the protein levels to
be increased or adding chemicals into the saliva that interfere with the BCA protein assay.

A possible reason for the variable reduction in IgA may lie with the volume of saliva
added to each Salivette. Post-hoc comrelations show a significant relationship between the
volume of saliva added to each Salivette and the percentage of IgA lost in each Salivette
(r=-.718, n=34, p <.001). That the aliquoted amount of saliva explains 50% of the variance
in 1gA reduction was unexpected. The amount of saliva added to the cotton wadding
should not have any effect on the degree of reduction of IgA in the extracted saliva unless
Salivettes are introducing systematic error. To test this further we divided the aliquotted
volumes into upper and low tertiles (mean volumes: 927.27ul [SD: 38.35] and 465.00u1
[ISD: 16.74] respectively) and examined the mean percentage IgA loss in both groups.

The lower tertile group had significantly greater reduction of IgA than the upper tertile

14
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group (67.32% loss compared with 33.51%; t=5.189, df = 19, p <.001). These post-hoc
analyses hint at a possible systematic bias within Saliveties that needs to be explored
further.

General Discussion

The studies reported here confirm, with much larger numbers of participants, that
filtering saliva through Saliveties leads to a substantial and variable reduction in IgA
concentration. This variable reduction means that the rank order of filtered and non-
filtered IgA concentrations is not well preserved. As we noted, there are only two previous
studies with data on the relationship between filtered and unfiltered igA concentrations —
one showing no relationship and the other suggesting a modest relationship (Shirtcliff et al,
2001; Strazdins et al., 2005); our findings are consistent with the latter.

These resuits, together with the finding that Salivettes ‘leak’ something into saliva,
lead us to the view that despite their acceptability to participants (Strazdins et al, 2005),
Salivettes are far from the ideal method of collecting saliva for IgA analysis - the saliva
recovered should be the same as that donated by the participant and not modified by the
collection system.

An overview of the research which has examined the usefulness of Salivettes as a
method of collecting unstimulated saliva thus indicates a number of major concerns.
Salivettes are a poor method of estimating unstimulated flow rate, they modify the physical
nature of the saliva, immunological proteins such as IgA appear to bind — in variable
proportions — to the cotton wadding and chemicals leak out from the wadding into the

saliva. Whilst additional research is needed to further understand the nature of the impact

15
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of Salivettes on saliva, the available data mean that researchers need to carefully weigh

the strengths and weakness of Salivettes for use in their studies.

Table Captions

Table One: Means (and standard deviations) for all measures in study |.

16
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Figure Captions
Figure One:. Study | - Scatterplot between IgA concentration values from Salivettes

and passive expectoration

Figure One note: In all figures, zero scores indicate that the IgA concentration was

below the lowest calibration standard of the assay.

Figure Two: Study | - Scatterplot between IgA secretion values from Salivettes

and passive expectoration

Figure Three: Study Il - Protein (and SEM bars) extracted from isotonic saline

added to Salivettes

Figure Four: Study lll - Scatterplot between IgA concentration values from

Salivettes and passive expectoration

Figure Five: Studies | & lil - Scatterplots of percentage reduction in IgA

concentrations following filtering through cotton wadding

17
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Tables

Table One: Means (and standard deviations) for all measures in study .

Measure N Salivette Passive expecitoration
IgA concentration (pg.ml™) 29 9520 (51.77) 228.57 (99.64)
Secretion rate of IgA (ug.min™) 29 44 21 (29.77) 62.62 (3897)
Flow rate of saliva (ul.min™) 29 485 65 (248.16) 304.70 (186.19)

Protein concentration {(ug.ml™) 2% 1143.31 (303.54) 967.38 (372.45)
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