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Abstract

The use of saliva as a biological sample has many advantages, being especially relevant in pigs where the blood
collection is highly stressful and painful, both for the animal and the staff in charge of the sampling. Currently one of
the main uses of saliva is for diagnosis and detection of infectious diseases, but the saliva can also be used to meas-
ure biomarkers that can provide information of stress, inflammation, immune response and redox homeostasis. This
review will be focused on the analytes that can be used for such evaluations. Emphasis will be given in providing data
of practical use about their physiological basis, how they can be measured, and their interpretation. In addition, some
general rules regarding sampling and saliva storage are provided and the concept of sialochemistry will be addressed.
There is still a need for more data and knowledge for most of these biomarkers to optimize their use, application,

and interpretation. However, this review provides updated data to illustrate that besides the detection of pathogens
in saliva, additional interesting applicative information regarding pigs” welfare and health can be obtained from this
fluid. Information that can potentially be applied to other animal species as well as to humans.

Keywords: Biomarkers, Inflammation, Immune system, Oxidative status, Pigs, Saliva, Stress

Background

The use of saliva as a biological sample has many advan-
tages, mainly related to its collection. It can be obtained
by non-invasive and usually easy procedures, and the
sampling does not produce pain. In addition, repeated
specimens can be obtained anytime, anywhere, and with-
out the need for specialized staff. Therefore, it is very
suitable for monitoring purposes having many poten-
tial applications both in the veterinary and human field
[1-4].
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These advantages are especially relevant in pigs where
the blood collection is highly stressful and painful, both
for the animal and the staff in charge of the sampling
[5, 6]. Therefore, the use of saliva in this species can be
very appropriate on-farm and also in research. On farms,
personnel can readily take the samples, leading to the
possibility of more frequent analysis and better control
of health and welfare (Fig. 1). This can allow faster and
more focused interventions and therefore can produce
a general improvement in quality and productivity [7].
In research projects on pigs, the saliva could substitute
blood in some cases, such as measuring cortisol for stress
evaluation [5, 8]. The no need for blood extraction in the
experimental procedures will increase animal welfare,
allowing better fulfilment of the Animal Research Care
and Use Guidelines requirements.
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Fig. 1 Saliva sampling in pigs

Looking more deeply into saliva applications, a com-
prehensive review of its use for the detection of patho-
gens in pigs has been recently published [9]. According
to this publication, more than 23 viral pathogens can be
detected in swine saliva, and currently the detection of
infectious diseases is possibly the main use of saliva in
routine practice in this species. However, the saliva can
also be used to assess other aspects related to the pig
health and welfare that can be of interest, such as the
evaluation of stress, inflammation, immune response and
redox homeostasis (Fig. 2). This review will be focused
on these other aspects, giving information about the
analytes that can be used for such evaluations. Emphasis
will be given in providing data about their physiological
basis, how they can be measured, and their interpretation
in a concise and clear way that could be of practical use.
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In addition, a point about some general rules regarding
sampling and saliva storage will be included, and the con-
cept of sialochemistry will be addressed.

It is very important to point out that there is still a
need for more data and knowledge for most of these
biomarkers to optimize their use, application, and inter-
pretation. The generation of this data in the future will
help to better define the possibilities of saliva to evaluate
stress, inflammation, immune system and redox status in
pigs. However, it is expected that this review can help to
extend the idea that besides the detection of pathogens,
there is other interesting applicative information regard-
ing pigs” welfare and health that can be obtained from
this fluid.

Evaluation of stress

Detailed information about the main causes, conse-
quences, and general biomarkers of stress in pigs can be
found in a previous review [6]. In this point, we will focus
on the biomarkers of saliva, and we will study: (1) cortisol
that evaluates the hypothalamic-pituitary-adrenal axis
(HPA), (2) salivary alpha-amylase (sAA) and chromogra-
nin A (CgA) that are related to the autonomous nervous
system (ANS), (3) total esterase (TEA) and some of their
components such as salivary lipase (sLip) and butyryl-
cholinesterase (BChE) which are enzymes that have been
related to situations of pain and discomfort. In addition,
we will address the (4) oxytocin (OT), which is having a
growing interest as a marker of positive emotions.

Cortisol

Physiology and measurement

Currently, cortisol is possibly the most widely used bio-
marker to detect stress in pigs. When a stressful condi-
tion occurs, there is an activation of the HPA axis and the
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Fig. 2 Analytes that can be measured in saliva to evaluate stress, inflammation, immune response and oxidative status
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production of cortisol that is released into the blood. In
blood, cortisol is present in two fractions: protein-bound
cortisol and free cortisol; whereas in the saliva there is
only the free cortisol which is the active fraction. The
pass of free cortisol from blood to saliva is by passive dif-
fusion of the molecule to the salivary gland [8].

Usually, cortisol in saliva is measured by methods
based on antigen-antibody reaction, existing various for-
mats such as radioimmunoassays, enzyme-linked-immu-
noassays (ELISAs) or automated chemiluminiscence
immunoassays that have been validated in the saliva of
pigs [10, 11]. In addition, cortisol in saliva can be meas-
ured by mass spectrometry [12].

Interpretation

There is a high number of published reports published
in which cortisol has been measured in the saliva of pigs.
Although their detailed description is beyond the objec-
tive of this review, some general ideas can be obtained
from them that could help in the interpretation of this
analyte:

-1.  There is variability in the references ranges reported
in the literature for cortisol in non-stressed animals
and a high intraindividual variation. The mean
values for cortisol reported in saliva in adult ani-
mals can vary depending on the authors, as can be
observed in Table 1. This could be due to the differ-
ent types of assays used, and intrinsic factors such
as breed or age. It is also important to indicate that
cortisol concentrations follow a circadian rhythm
in saliva, that can vary with age and sex [13]. The
variability between animals can reach a coefficient
of variation of cortisol of 62% in the saliva of non-
stressful subjects [5].
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Based on the data indicated above, it would be recom-
mended to compare the cortisol concentrations in an
individual with the values obtained (a) with the same
assay and ideally, (b) in the same animal or group of ani-
mals with similar age, breed and sex conditions and with-
out evident signs of stress.

-2. Diverse acute stimuli can produce different
increases in salivary cortisol. For example, in a
report in which the response of salivary corti-
sol to different potential acute stressful situations
was evaluated, the highest increases in cortisol
were obtained for snaring, relocation and vena
cava blood sampling. In these situations, cortisol
showed the highest values at 15-30min after the
stimulus, whereas the response to a meal or tail
blood sampling did not elicit significant increases
in this analyte [5] (Table 2).

-3. The salivary cortisol variation in chronic stress
should be evaluated more deeply. There is contro-
versy at this point since although some reports
indicated no significant increases in situations of
chronic stress [14], other studies suggest that sali-
vary cortisol could be a possible marker of chronic
stress in pigs [15, 16] as occurs with the cortisol in
hair [17]. Therefore, further studies to elucidate the
role of salivary cortisol in chronic stress should be
performed.

-4. In addition to cortisol, other steroids such as cor-
ticosterone or testosterone can be measured in the
saliva of pigs. In a report, cortisol in saliva deter-
minations was more sensitive and their results less
variable than corticosterone to detect stress [12].
Regarding testosterone, increases in saliva of pigs

Table 1 Some examples of reported values for salivary cortisol in healthy pigs

Animals Breed Sample size Method Cortisol mean Commentary Reference
values (ug/L)

Finishing pigs Duroc x [Landrace x 20 Immuno-chemilu-  24-7.0 Escribano et al. [10]
(165days old, LargeWhite] minescence
~100kg)
Growing pigs - Duroc x [Lan- 12 samples from Liquid chromatog- ~ +1.20£0.20 No individual sam-  Rey-Salgueiro et al.
(~105days old, drace x Large White] ropes (10-12 ani- raphy-tandem mass +0.5140.05 ples were measured, [12]
~88+8kg) - 162 (a crossed mals per rope) spectrometry +0.744+0.30 but 12 rope samples

of several geno- from 4 different

types) x [Lan- farms (3 ropes per

drace x Large White] farm)

« Pietrain x [Lan-

drace x Large White]
Nulliparous non- Large White x 91 Radio immunoassay  0.8-2.2 Samples correspond  Merlot et al. [5]
pregnant gilts Landrace to 8 gilts repeatedly

(8-9months old,
~150-170kg)

sampled at different
days
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Table 2 Some examples of cortisol (saliva and plasma) responses after different stressful stimuli [5]

Animals Stressful condition

Sample size Sampling times

Cortisol values (pg/L):
(Before stress vs peak
after stress)

Commentary

Nulliparous non-preg- Vena cava blood sam- 8
nant gilts (8-9months of  pling
age, ~150-170kg)

Snaring 8

Relocation 8

Before and 15, 30, 60, 90
and 120 min after the
stressful condition

- Saliva (1.7 vs 3.2)
- Plasma (10.5 vs 35.8)

+In saliva peaked at 15min
«In plasma peaked at
15min, still increased at
30min

(no significant changes at
other times)

- Saliva (0.8 vs 5.1)
«Plasma (11.8 vs 47.4)

+In saliva peaked at 15 min,
still increased at 30 min

«In plasma peaked at

15 min, still increased at

60 min

(no significant changes at
other times)

- Saliva (1.5 vs 3.3)
- Plasma (8.9 vs 35.0)

- In saliva peaked at 15 min,
still increased at 30 and

60 min

+In plasma peaked at
15min, and increased until
120min

in different stressful situations have been described
[18], and interestingly increases in testosterone
with cortisol values in reference range have been
associated with predisposition to aggressive behav-
ior in humans [19].

Salivary alpha-amylase (sAA) and chromogranin-a (CgA)

Physiology and measurement

Both biomarkers are directly produced by the stimulation
of the salivary glands by the ANS.sAA can be directly
quantified by immunoassays, or it can be evaluated by its
enzymatic activity by spectrophotometric assays, being
the last one more sensitive to detect stressful conditions
in pigs [20] and humans [21]. CgA can be measured by
immunoassays in the saliva of pigs [22]. The assays used
for the measurements of sAA and/or CgA are easier to
perform and cheaper than the analysis of adrenalin and
nor-adrenalin, which are the classical analytes used to
evaluate the sympathetic activity.

Interpretation
Some general ideas can help in the understanding of
these analytes:

-1. CgA and sAA can increase in situations of acute
stress (Table 3). After acute stress induced by a
snaring, sAA and CgA showed variability in their
response and even did not increase in some pigs
[20, 22, 23]. This situation also happens with cor-
tisol [22], and although it is not known the cause,

it reflects a variability in the individual response
to this model of acute stress. In this line, SAA can
increase from values lower than 100IU/L to higher
than 10001U/L, with some individuals reaching up
to 4000IU/L, at the moment of the stress induction
by snaring in some pigs, whereas it does not change
in other pigs [20]. CgA was reported to increase in
a snaring around 1.2-fold just after 10min of con-
tinuous restraining [24] and from values lower than
2mg/L to up to 3mg/L after 15min of ceasing the
snaring [22]. In a model of restraining by enclosure
in a steel cage for 60 min, the increase in CgA was
higher than 4-fold and persisted increased 2—3-fold
at 30 min after ceasing the stimulus [24]. This could
indicate a possible relation of this marker with
stress of longer duration as will be discussed later.

In some cases, there can be divergences between sAA
and CgA. For example at weaning, which is a known
stressful condition, there were increases in salivary CgA,
which were correlated with skin lesions, but sAA did
not show changes [25]. Although no data exist regarding
sAA, CgA in saliva of pigs seems to be not affected by cir-
cadian rhythms [26].

-2. The behavior of CgA and sAA in saliva in chronic
stress should be evaluated more deeply. Although
both biomarkers are related to the ANS, and there-
fore to the reaction occurring after acute stress,
changes in CgA and sAA have been described
in situations of stress of longer duration, for exam-
ple:



Page 5 of 17

(2022) 18:81

Cerdn et al. BMC Veterinary Research

EF LL'E Josanjen
ueaw ym bujuesm-isod

pujueam-1sod
Aep | w/brli GF 1oy 03

sKep g paseanul 1S 8'0F 90 WOl 3seanuy| (qui/brl) vb>
sabueyd
1ueDLIUBIS Ajjednsiels
noym ‘buiueamisod Bulueam (3eW
000'GL~01000CL~ -1sod shepg pue | pue |G pue ajewsy
-lieA |enpIAIpULIRIUl YBIH wos) pabuel sanjep (/NN vvs ‘Butueam-aid Aep | 1G) 701 (plo sAep 67) 519|614 [57] '|e 1@ oueqLds] Bulueap
SSa1)S Jayye
Ul 0€ ybiy pautewsl
(P10}-0F <) sS241S bul
-INp ujw 09 1e bupjead (uols
‘Aluedyiubis paseainu| -sa1dxa ui101d) yHD
sabueyd
1uedLIUbIS Ajjednsiels (20inQ x deIp
1INOYUM ‘05 ~ O} 00F ~ SSU1S Y1 JAYe UIW OE -ue x 2y =bie7) abed 9915
o) pabuel sanjep /N1 vvs pue BbuLNp ‘210499 0l sbid buimoib ajepy [72] ‘|2 32 bueny £ Ul 2JNSO[DUS UlW 09
ssans
19)ye uiw g e ybiy
paulewal {(3sealdul
ploJ-z'1) SsaA1s bunnp
ulw Q| 1e bupjead (uors
‘Aauedylubis paseanu| -sa1dxa uiy01d) ybHD
sanjen eseq  sabueyd yuedyiubis Ajjed (20Ing X adeIp
ybiy 01 pea| pjNod UOK  -[3S131BIS INOYLM ‘Ul O SSa11S JaJe UIW OF -Ue7 X ayp able)
-eAdap poo} Yz snoinald 18 00§ ~ 01 0SH ~ Wi /N1 vvs pue BuLNp ‘210499 0l sbid buimoib sjepy [#72] "|e 12 Bueny pupeus ulw Q|
UGy e [BHUMB0IT
S|ewiue G| joino  Jw/briggz 01 G/ | woly SETEPENL X 92eIpUET] X 20INQJ
€1 Ul PAAJI9SQO $95B10U| PaAISSCO $9583.0U| (qu/brl) y6> UIW Q€ pue g | ‘210jag Sl polad bujuaiie)-Ajes [¢2] |e 19 oueqLds]
sjewiue
71 JO 1IN0 § Ul PaAIaSqO ulw Q9 pue g
S9SEADUI YUM ‘AlljIgerten 18 0001 < O3 007 ~ WOl SS11S 19 Ul 09 sKep 0z 1-06) polad
|lenpiAlpuLIIul ybiH Sasealou] Juedylubis (/NN YVS  Ppue Og J9ye 1sn( ‘a10)99g ZL  Buusne; bulysiuy-piy [€7] '|e 19 sa1uany
SDUUYIP [Puymabie]
sjewljue 1uedLIUbIS Ajjednsiels X 92eJPUET] X d0INQJ
9 JO INO { Ul PaAISSCO 1NOYIM INQ ‘SS11S dew (BY €9F €8/
soseanUl yum ‘Ayjigerier  Buunp 0ooL < 01 001 > $S3U3S J3Ye UIW G| pue 'sKep0'0L F8H0L) [07]
[enpiAipuLIul ybiH Wi} sanjeA sayoeal 3| /0N Yvs $$9115 BuLINP ‘210499 9 pouad buluane)-piy  [e 19 Jejinby-selaiiuo) pureus uiw >
(passaidxa aJe sanjea
uelpaw ‘pajedipul
JuUs3WWOoD ss3|un) syjnsay 1Jewolg sawn bujdwes  azis ajdwes sjewiuy ERIVEIETEN| uonIPUOd |NyssaNS

IINWIS [NJSS2.1S JUDIDIIP Jaye asuodsal (yys) Alainoe asejAute-eyde pue (y6D) v ulueibowolyd Aeajes Jo ssjdwexs swos € ajqer



Cerdn et al. BMC Veterinary Research (2022) 18:81

+ sAA showed increases in pigs suffering pain due
to lameness and rectal prolapse [27]. The ani-
mals with these disorders showed even higher
increases in sAA (7.49-fold and 18.20-fold in
most severe cases of lame and prolapsed animals,
respectively, compared to healthy animals) than in
other biomarkers such as cortisol (1.72-fold and
2.30-fold in lame and prolapsed animals, respec-
tively). Maybe the longer duration of the pain
could have influenced the higher values of sAA
[27].

Although the mechanism is not well known, CgA
decreased in saliva after different types of environ-
mental enrichment and herbal supplementation
during 2 months in growing pigs, from values of
1mg/L to values lower than 0.3mg/L. This could
indicate a reduction in the stress of these pigs dur-
ing this period. In addition, CgA in saliva showed
a low to moderate, but significant, correlation with
cortisol concentration in hair [28].

.

-3. CgA is an early biomarker of postpartum dys-

galactia syndrome (PDS). CgA was significantly
increased in sows with PDS before farrowing,
showing a higher sensitivity than other mark-
ers such as cortisol. Although the reason for this
increase is unknown, the high values of CgA could
indicate a situation of stress with activation of the
adrenergic system that could be involved in the
pathogenesis of this disease. In addition, there
could be a role of CgA in the gastrointestinal dis-
orders associated with PDS, since in the human
gastrointestinal tract, CgA is released from entero-
chromaffin cells and neurons of the submucosal
and myenteric ganglia, and may modulate colonic
motility in response to inflammation [29].
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by the salivary gland. In addition, ANS activity could
be implied in ChE production [34].

— Salivary lipase (sLip) could be around 30% in healthy
non-stressed pigs. Although its main function is
related to triglyceride digestion, lipase secretion by
salivary glands could also be related to the activation
of the sympathetic nervous system [35].

— Carbonic anhydrase isoenzyme 6 (CA-VI) could
represent up to 50% of the TEA activity in porcine
saliva [30]. In humans, this enzyme (also called gus-
tin) is related to taste function and taste bud growth
[36]. Despite this, its secretion is also related to the
sympathetic nervous system [37].

TEA, BChE and sLip can be measured spectrophoto-
metrically, and there are assays validated for pigs [30,
32].

Interpretation

1. Salivary TEA can increase in situations of acute
stress. Increased salivary TEA activity in pigs, with
an increase of 1.49-fold just after the stimulus, has
been described after a restraining by nasal snare. In
addition, an increase (1.8-fold) in salivary TEA was
reported at 4 h after transport and lairage at slaugh-
terhouse compared with values before transport.
This increase was lower than those observed with
other biomarkers such as cortisol [38].

2. The behavior of TEA in saliva in chronic stress should
be evaluated more deeply. Salivary TEA could also be
increased in pigs suffering pain due to lameness and
rectal prolapse [27]. Therefore, further studies would
be of interest to evaluate the behavior of TEA in situ-
ations of pain or stress of long duration.

3. The change of the different components of salivary
TEA can provide additional information. Measur-
ing some components of TEA such as BChE and
sLip could provide additional information since the

Total esterase activity (TEA) and its components
Physiology and measurement

TEA is abundant in the saliva of pigs [30]. Several
enzymes contribute to this esterase activity:

— Cholinesterase (ChE) and cholesterol esterase repre-

changes observed in those enzymes can be different
depending on the stressful stimulus. For example,
in case of acute stress such as a nasal restraining or
transport and lairage at slaughterhouse during 4h,
BChE could be increased more than 5-fold compared
with the pre-stress values [32], being more sensitive

sent around 20% of salivary TEA activity in healthy
non-stressed pigs [30]. Whereas acetylcholinester-
ase is the predominant form in human saliva [31],
butyrylcholinesterase (BChE) is the predominant iso-
enzyme in porcine saliva [32]. The origin and func-
tion of ChE in saliva remain unknown, but the lack
of correlation between serum and salivary ChE [33]
supports the idea that the enzyme could be secreted

than TEA (which increased less than 2-fold) [30]
(Table 4).

Oxytocin (OT)

Physiology and measurement

OT is a hormone that, in addition to its physiological role
in labour and lactation, is considered a biomarker of pos-
itive emotions and social well-being in domestic animals.
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Table 4 Some examples of salivary total esterase activity (TEA), butyrylcholinesterase (BChE) and lipase response after different

stressful stimuli

Stressful Reference Animals Sample size Sampling times Results Comment
condition (UI/L, unless
indicated,
median values
are expressed)
Transport and Lépez-Arjona Female at end- 45 Before, imme- TEA (IU/L) - Before trans-
lairage to slaugh- et al. [38] fattening period diately after port:151.7
terhouse (5-6 months) and at4h from « Just after: 190.6
LargeWhite x transport - After4h:277.8
Pietrain
Disease (lame- Contreras-Aguilar - Male mid fat- 60 Justonly one TEA (IU/L) - Healthy: 128.8
ness and rectal etal. [27] tening period sampling «lame: 2932
prolapse) (60-90days) - Prolapsed: 780
(Large White)
2min snaring Teclesetal.[30]  Male growing 20 Before, just after ~ TEA 1.49-fold increase Returned to basal
pigs (Large White and at 15min just after stress values at 15min
x Landrace x afterthe stress | jhaqe 1.60-fold increase  No increase just
Duroc) at 15 min after after stress

Tecles et al. [32]

BChE (nmol/min/
mL)

stress

5.25-fold increase
just after stress

Still increased at
15min

The increase of OT with positive welfare situations is in
contrast with the rest of the biomarkers of stress used
until now, which increase when there is a stressful situ-
ation or negative welfare [39]. The source of OT in the
saliva is unknown, but a recent report in humans indi-
cates that salivary OT can reflect endogenous concentra-
tion and production. In this paper, repeated intranasal
administration of OT induced long-lasting changes in
endogenous salivary OT levels, presumably through a
positive spiral of OT release [40].

In the saliva of pigs, as in other species, OT can be
in two main forms: linked to proteins or free. In addi-
tion, different OT metabolites can exist [41, 42]. Usu-
ally, immunoassays are used to measure OT in saliva,
and recently two assays, which do not need extraction
or lyophilization, were specifically validated for pigs’
saliva . One seemed to have more affinity for detecting
the OT linked to proteins, whereas the second one ould
detect other forms [39]. In addition to these immunoas-
says, other assays that usually need reduction and alkyla-
tion [42] or extraction [43] have been applied in pigs.
Although there are no studies in pigs, high-performance
liquid chromatography-mass spectrometry (HPLC-MS)
can also be used for detection of OT in saliva, giving in
general lower values of OT concentrations than immuno-
assays [44].

Interpretation
As other biomarkers, the knowledge about OT measure-
ments in the saliva of pigs is in its beginning, but there is

some information that can be of interest and application
(Table 5):

1. Different assays can measure diverse OT forms or
metabolites and give different values. For example, in
the report where two different assays were validated
in the saliva of pigs, one gave values in pg/L, whereas
the other gave values in ng/L of OT [39]. In addition,
it should be pointed out the intraindividual variabil-
ity of OT values, since in one report in a group of 45
adult pigs the 25th and 75th percentiles values could
reach to 2-fold the mean values [38]. More details
about the ability of different assays to give diverse
values can be found in a recent review [41].

2. Some physiological conditions such as farrowing and
lactation can produce changes in OT in saliva. OT
concentrations were significantly higher at the begin-
ning of lactation, and also these changes were differ-
ently detected depending on the assay used. In this
case, a commercially available assay was less sensitive
to detect these changes [42].

3. OT in saliva can decrease in situations of acute
stress. In a report, decreases in salivary OT con-
centrations were found in pigs at 4h of lairage at a
slaughterhouse. This could indicate a reduction of
positive feelings in this situation, possibly due to vari-
ous stressful stimuli such as the unloading process,
mixing with unfamiliar pigs and stranger sounds.
Depending on the assay used, these decreases were of
different magnitude (42.2% versus 27.5%), so also the
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Fold of difference between 1000 fold 1000 fold
saliva and serum

Fig. 3 Units of measurement of CRP and Hp in saliva and serum and fold change [7]

type of assay can influence the detection of changes
after stressful situations [38].

4. OT can increase by positive interactions. In a study
in which positive human-animal interactions were
evaluated in pigs, the concentration of OT in saliva
was associated positively with being stroked [43]. In
addition, ejaculation increases salivary OT concen-
trations in breeding boars [45]. Therefore, this data
suggest that this hormone can be a marker of positive
emotions.

Evaluation of inflammation

Acute phase proteins (APPs)

Physiology and measurement

APPs are proteins that change in concentrations in
response to inflammation, being considered the most sen-
sitive and early biomarkers for this process. Recently, based
on the knowledge about physiology and clinical application
of these proteins, an updated seven-point plan for the APPs
use and interpretation in veterinary medicine was reported,
that can also be applied to saliva in pigs [7].

The most important particularity regarding APPs
measurements in saliva is the fact that concentrations of
most important APPs such as C-reactive protein (CRP)
or Haptoglobin (Hp) are at approximately 1000-fold
lower concentrations in saliva than in serum. For exam-
ple, in the case of CRP the concentration in serum is in
mg/L, whereas in saliva is ug/L. A similar fact happens
for Hp, being in serum in g/L but in the saliva in mg/L
[7] (Fig. 3). This would be the reason why some attempts
to measure APPs in the saliva with conventional assays
can have no success. Therefore, the use of more sensitive
assays to detect APPs in the saliva are recommended. For
example, time-resolved fluorometric or alphalisas assays
have been successfully used to measure APPs in the saliva
of pigs and other species as humans [46, 47]. Alphalisa
assays have as their main advantages the use of a lower
sample volume and the no need for washing steps [47].

The mechanisms which are responsible for the pres-
ence of APPs in saliva are still to be elucidated. However,
in pigs as in other species such as dogs or humans, some
APPs like CRP were significantly correlated in saliva and
serum; and recently a transport process for CRP from
blood to saliva in humans has been described [48].

Interpretation

As a general idea, the rules for interpretation of APPs in
saliva in pigs will be similar to those reported for other
species [7]. However, some particularities can be indi-
cated for saliva and can help in the interpretation of the
results obtained:

-1. Although baseline values are lower than in serum,
the distinction between major and moderate APPs
can also be made in saliva. Hp values in the saliva
of healthy adult pigs are usually lower than 1 mg/L
and can reach to 3—4mg/L in pigs with inflamma-
tion, whereas CRP in healthy animals usually has
lower values than 10 pg/L and can reach values up
to 100ug/L in inflammation [49] (Table 6). This
could indicate that, as reported in serum [52], Hp is
a moderate acute phase protein, whereas CRP is a
major APPs in saliva of pigs. This could also explain
that in the case of some more chronic inflamma-
tory states, salivary Hp might be a more sensitive
marker than CRP [49], possibly due to the moder-
ate nature of Hp that maintain its increases during
longer time.

-2. APPs are highly sensitive to detect inflammation,
but they have a low specificity to detect the cause of
inflammation. The APPs can detect inflammation
with high sensitivity and very early, in many cases
before the appearance of clinical signs, being an
excellent marker of the presence of subclinical dis-
eases. However, they usually do not provide infor-
mation about the cause of inflammation; therefore,
it should be combined with other tests or clinical
d