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Simple Summary: S100A8/A9 (also known as calprotectin) and S100A12 (also known as calgranulin
C) are considered biomarkers of potential interest and are proteins members of the calgranulin family
which is related to different inflammatory conditions, immune-mediated diseases, and sepsis. The
objectives of this study were to evaluate if S100A8/A9 and A12 could change in the saliva of pigs
with diarrhea due to E. coli and compare the changes of S100A8/A9 and A12 with other analytes in
order to explore the possible causes or mechanisms involved in these changes. For this purpose, a
panel integrated by other analytes related to inflammation, immune system, stress, tissue damage,
sepsis, and redox status was also evaluated. S100A8/A9 and S100A12 increased in pigs with diarrhea
produced by E. coli and were correlated with other salivary analytes. Further studies should be
performed to elucidate the possible practical applications of these calgranulins as biomarkers to
evaluate the health and welfare of pigs.

Abstract: The family of calgranulins includes S100A8 (calgranulin A), S100A9 (calgranulin B), which
can appear as a heterodimer known as S100A8/A9 or calprotectin, and S100A12 (calgranulin C).
These proteins are related to different inflammatory conditions, immune-mediated diseases, and
sepsis and are considered biomarkers of potential interest. This study aims to evaluate if S100A8/A9
and A12 could change in pigs with diarrhea due to E. coli and to compare the changes of S100A8/A9
and A12 with other analytes in order to explore the possible causes or mechanisms involved. For this
purpose, a panel integrated by analytes related to inflammation (haptoglobin, inter-alpha trypsin
inhibitor 4 (ITIH4), and total protein); immune system (adenosine deaminase, ADA); stress (alpha-
amylase); tissue damage (lactate and lactate dehydrogenase (LDH)); sepsis (aldolase) and redox
status (ferric-reducing ability of saliva (FRAS) and advanced oxidation protein products (AOPP)) was
evaluated. S100A8/A9 and A12 and the other analytes measured in this study showed increases in the
saliva of pigs with diarrhea due to E. coli. S100A8/A9 and/or A12 showed a significant correlation of
different magnitude with some of the other analytes evaluated. Further studies should be conducted
to gain knowledge about the possible practical applications as biomarkers of the measurements of
S100A8/A9 and A12 in the saliva of pigs.
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1. Introduction

The S100 proteins are a family of proteins that bind calcium, have a similar molecular
mass and similarities in their amino acid sequence, and are gaining attention as biomarkers
of different diseases related to the immune system and inflammation [1]. They are released
to the extracellular space by damaged and/or activated cells such as neutrophils and
macrophages after any cell stress or damage. Once released, they can activate immune
cells and aid cytokine synthesis and inflammation events. The cell activation is made by
the binding of S100 to cell pattern recognition receptors (PRRs), namely toll-like receptors
(TLRs) and advanced glycation end products (RAGE) [2].

The calgranulins, which includes S100A8 (calgranulin A) and S100A9 (calgranulin
B) that together form a heterodimer known as S100A8/A9 or calprotectin, and S100A12
(calgranulin C), are especially related with different inflammatory conditions, immune-
mediated diseases, and sepsis [3–5] and are considered as biomarkers of interest in hu-
mans [6]. In many studies performed in humans, a profile including S100A8/A9 and
S100A12 is studied. Although in some reports [7,8] there was a high correlation between
the concentrations of S100A8/A9 and S100A12, there are some differences in these proteins.
One is the fact that they can be released by different cells, therefore while SA100A8 and
A9 are produced by granulocytes, monocytes, and macrophages, SA100A12 seems to be
predominantly found in granulocytes [9,10]. In addition, they have different binding sites
to the immune cells [11] and they can be involved in diverse physiological functions and
mechanisms [7]. These differences could lead to different behavior and dynamics in these
proteins and, therefore, could provide complementary information as biomarkers.

The use of saliva as a biological sample in veterinary science has become increasingly
popular due to its non-invasive and easy-to-collect nature. This is particularly advantageous
in the case of pigs, where taking blood samples can be difficult, stressful, and painful for
the animals [12]. Saliva can be collected easily by farm staff, allowing for more frequent
analysis and monitoring and subsequently better control of the health and welfare of the
animals. In research, the saliva of pigs has shown utility in the detection of infectious
pathogens being currently used in routine practice for this purpose [12], but it can also
be used to measure biomarkers that provide insight into stress, inflammation, immune
response, and redox homeostasis [12–16]. Therefore, saliva is a rich source of analytes
that have the potential to be biomarkers of different physiopathological conditions and
diseases, assess the effects of various husbandry conditions and, in general, evaluate the
homeostasis of swine and provide information about its health and welfare. However, the
use of saliva also has challenges such as the need, in some cases, for high-sensitivity assays
for the detection of some analytes that are in low concentration in this fluid. Recently, it has
been described that calprotectin can be measured in the saliva of pigs showing increases in
experimentally induced sepsis [14], as well as the increases in calprotectin and S100A12 in
saliva in pigs with meningitis due to Streptococcus suis [17]. In addition, S100A12 has been
measured in human saliva in inflammatory bowel disease [18].

Enterotoxigenic Escherichia coli (ETEC) is one of the most common foodborne pathogens
that affect piglets and weaning pigs in swine production, producing diarrhea which often
results in high-rate mortality. The incidence of ETEC in the swine industry severely im-
pacts the well-being of pigs and the economic sustainability of the sector [19]. A previous
proteomic study on saliva investigated the variations of salivary proteins in pigs suffering
from diarrhea due to E. coli [20]. In this study, several proteins were identified that varied in
diseased pigs compared with healthy pigs, among them there were proteins related to the
immune system like adenosine deaminase (ADA). Thus, it would be interesting to explore
if calgranulins, also related to the immune response, could be changed in the saliva of pigs
with diarrhea due to E. coli.
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Despite the interest that calgranulins could have as possible biomarkers in saliva in
pigs, there is still a gap in the knowledge about their behavior in different diseases and
clinical conditions. In addition, there is a lack of data about their possible correlations
with other different biomarkers related to inflammation, immune system, stress or redox
hemostasis that could help to elucidate the physiopathological mechanisms in which
calgranulins can be involved. This report hypothesizes that there could be changes in the
concentrations of S100A8/A9 and S100A12 in the saliva of pigs that have diarrhea due to
E. coli and that these changes could be potentially related to changes in other biomarkers
in saliva. Therefore, the objectives of this study are (1) to evaluate if S100A8/A9 and A12
could change in a clinical condition consisting of pigs with diarrhea due to E. coli and
(2) to compare the changes of S100A8/A9 and A12 with other analytes in order to explore
the possible causes or mechanisms involved in these changes. For this purpose, a panel
integrated by S100A8/A9 and A12 along with other analytes related to inflammation such
as haptoglobin, Inter-alpha-trypsin inhibitor heavy chain 4 (ITIH4, also known as Pig major
acute phase protein or Pig-MAP), and total proteins, analytes related to the immune system
such as ADA, to stress such as alpha-amylase, to tissue damage such as lactate and lactate
dehydrogenase (LDH), to sepsis such as aldolase and biomarkers of redox status such the
ferric-reducing ability of saliva (FRAS), and advanced oxidation protein products (AOPP)
will be evaluated. With the results of this panel, the ability of the different analytes to
differentiate between the animals with disease and healthy individuals would be analyzed,
and the correlation between these analytes and calgranulins will be studied.

2. Materials and Methods
2.1. Animals

In this study, crossbred (Pietrain × Large White × Landrace) weaning pigs from 4 to
8 weeks old from a commercial farm located in Spain were included. A total of 72 pigs
were divided into two groups: (1) a group of pigs with naturally occurring diarrhea caused
by E. coli (n = 34, 18 males and 16 females) and (2) a group of clinically healthy pigs that
did not show any clinical sign at external examination (n = 38, 17 males and 21 females).
Pigs were placed in pens containing a standard feeder and a nipple drinker to provide ad
libitum access to feed and water with a minimum space of 0.65 m2 per animal (Council
Directive 2001/88/CE of 23 October 2001 amending Directive 91/630/CEE concerning
minimum standards for the protection of pigs) and an average temperature of 24 ± 2 ◦C.
All animals of the diseased group showed moderate to severe clinical signs compatible
with the diarrheic syndrome (diarrhea, lethargy, growth retardation, and dehydration),
and rectal swabs were used to detect the presence of E. coli through standard analytical
procedures [21], being positive for E. coli F4 and heat-labile toxin. The sick pigs were
identified by visual inspection in the pens, finding the signs of disease indicated above.
The pigs of the healthy group were negative for the E. coli F4 and heat-labile toxin.

2.2. Saliva Sampling

To collect saliva from the pigs, a metal rod with a sponge affixed to it was used.
Afterward, the sponges were taken out of the pigs’ mouths and put into Salivette tubes
(manufactured by Sarstedt, Aktiengesellschaft & Co., Nümbrecht, Germany). The samples
were kept at a temperature between 4 and 8 ◦C until they arrived at the laboratory in less
than three hours after their obtention in all cases. The Salivette tubes were then centrifuged
at 3000× g and at a temperature of 4 ◦C for 10 min to collect the saliva supernatant. The
aliquots were dispensed to Eppendorf tubes and stored at a temperature of −80 ◦C until
the analysis was performed.

In the group of sick pigs, the saliva samples were obtained on the first day on which
clinical signs of the diarrheic syndrome were observed and before the administration of
any treatment.
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2.3. Biochemical Analysis of Saliva
2.3.1. Measurements of S100A8/A9 and S100A12

S100A8/A9 was analyzed with the BÜHLMANN fCal Turbo® assay kit (BÜHLMANN,
Laboratories AG, Schönenbuch, Switzerland) using an Olympus AU400 autoanalyzer. This
assay is designed for humans, but it has been demonstrated to have cross-reactivity with
calprotectin in pigs [22] and has been validated for use in the saliva of this species [14].
The description of this assay and the other automated assays used in this study appears in
Supplementary Table S1.

SA100A12 was measured by a two-step direct sandwich assay developed in 96-
well plates with a total sample volume of 5 µL per well using the AlphaLisa technol-
ogy. The assay was performed with a commercial polyclonal antibody against porcine
SA100A12 (abx129972, Abbexa Ltd., Cambridge, UK) conjugated to 1 mg of acceptor beads
(AlphaScreen® Unconjugated Acceptor Beads, PerkinElmer, Waltham, MA, USA) and with
the same polyclonal antibody biotinylated with a 20-fold molar excess (EZ-Link™, Micro
Sulfo-NHS-Biotin, No-Weight™ Format, Thermo Scientific, Waltham, MA, USA). To opti-
mize the assay, different concentrations of biotinylated antibodies (0, 0′3, 0′6, 1, 3, and 6 nM),
acceptor beads (5, 10, 20, and 30 µg/mL), and donor beads (10, 20, and 40 µg/mL) were
tested. A saliva sample of known concentration measured with a specific commercially
available assay (SED080Po Cloud-Clone, Katy, TX, USA) was used as a standard. This
commercial assay was analytically validated for use in pig saliva samples in a previous
report [17]. The AlphaLisa assay provided an intra- and inter-assay imprecision of <15%
and was linear after serial sample dilution. The analytical validation data of this assay can
be found in the supplementary data (Tables S2–S4 and Figure S1). Results are expressed
in mg/L.

2.3.2. Biomarkers of Inflammation

Haptoglobin concentrations were measured by an assay based on AlphaLisa tech-
nology previously used in pig saliva [23]. The ITIH4 was determined using a porcine
species-specific commercially available ELISA kit (Porcine ITIH4, ElabSciences, Houston,
TX, USA). The kit showed maximum values of intra and inter-imprecision lower than 15%
and was linear after serial sample dilution for quantifying the ITIH4 in pig saliva [17].

Additionally, total protein concentration was determined by a commercial colorimetric
kit to measure urine and low-complexity region (LCR) proteins (protein in urine and CSF,
Spinreact, Girona, Spain) that have been previously validated in pig saliva [24], in an
autoanalyzer Olympus AU400 (Beckman Olympus AU400 Chemistry Analyzer, Beckman
Coulter, Brea, CA, USA).

2.3.3. Biomarker of the Immune System

ADA was analyzed with a commercially available spectrophotometric automated as-
say (Adenosine Deaminase assay kit, Diazyme Laboratories, Poway, CA, USA), previously
validated for porcine saliva [25].

2.3.4. Biomarker of Stress

The salivary alpha-amylase activity was measured by a commercial method (a-Amylase,
OSR6182, Beckman Coulter) previously validated in porcine saliva [26] in an Olympus
AU400 autoanalyzer (Beckman Olympus AU400 Chemistry Analyzer, Beckman Coulter,
Brea, CA, USA).

2.3.5. Biomarkers of Tissue Damage

LDH was measured by a commercial kit from Biosystem (Biosystem S.A., Barcelona,
Spain) that was previously validated in the saliva of pigs [27]. Lactate concentrations were
measured using a commercial kit from Beckman (Beckman Coulter Inc., Fullerton, CA,
USA). This assay provided an intra- and inter-assay imprecision of <15% and was linear
after serial sample dilution s. These methods were performed using an Olympus AU400
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autoanalyzer (Beckman Olympus AU400 Chemistry Analyzer, Beckman Coulter, Brea,
CA, USA).

2.3.6. Biomarkers of Sepsis

Aldolase activity was determined through a commercially available reagent kit (Al-
dolase, Randox Laboratories Ltd., Crumlin, UK) in an Olympus AU400 autoanalyzer
(Beckman Olympus AU400 Chemistry Analyzer, Beckman Coulter, Brea, CA, USA), previ-
ously validated in pigs’ saliva [15].

2.3.7. Biomarkers of Redox Status

Two different biomarkers were selected to assess the redox status in the saliva of
pigs: FRAS and AOPP. FRAS was determined by the reduction of ferric-tripyridyltriazine
(Fe3+-TPTZ, Sigma-Aldrich Co., San Luis, MI, USA) to the ferrous (Fe2+) form [28] and the
AOPP based on a method previously described [29], and both were previously used in
pig saliva [30]. These analyses were carried out using an Olympus AU400 autoanalyzer
(Beckman Olympus AU400 Chemistry Analyzer, Beckman Coulter, Brea, CA, USA).

2.4. Statistical Analysis

The distribution of each variable was assessed by the Shapiro–Wilk test showing a
p-value < 0.05 in all parameters and by observation of QQ plots that showed that data
were not close to forming a diagonal line. Therefore, the data were considered non-normal
distributed and a non-parametric approach was followed to analyze all the results. For
group comparison, the Mann–Whitney test was used to assess the differences in each
variable. Results were expressed as median and range. Each variable’s receiver operating
characteristic (ROC) curve was calculated to determine the cut-off that distinguished
between groups. The curves were constructed by plotting sensitivity against 1-specificity.
Those analytes showing a significant area under the curve (AUC) were selected to calculate
the cut-off values by the point on the ROC curve with the minimum distance from the
left-upper corner of the unit square as previously described [31]. A correlation study
between the different analytes evaluated was performed through the Spearman test for
non-parametric data. Results were considered significant for an alpha of 0.05. The degree
of correlation was evaluated using the Rule of Thumb [32], which categorizes an R-value
of 0.90 to 1 as indicative of a very high correlation, 0.70 to 0.90 a high correlation, 0.50
to 0.70 a moderate correlation, 0.30 to 0.50 a low correlation and less than 0.30 a little if
any correlation.

The statistical analysis was completed by the GraphPad Prism 9 software for Mac
Version 9.5.9 (GraphPad Software, LLC, San Diego, CA, USA). The statistical power of the
results was calculated by a posthoc analysis using G-Power (Dusseldorf, Germany).

3. Results
3.1. Variations of S100A8/A9 and S100A12 in the Saliva of Pigs with Diarrhea Due to E. coli

Diarrhea due to E.coli F4 and heat-labile toxin positive caused an increase in the
two S100 proteins (S100A8/A9 and S100A12) in saliva (Figure 1). The concentrations
of S100A8/A9 were significantly higher in the group of pigs with diarrhea due to E. coli
(median = 0.60 mg/L; range = 0.12–3.2) compared with the group of healthy pigs
(median = 0.18 mg/L; range = 0.01–0.78) (p < 0.001). In the case of S100A12, it was
also increased in the saliva of pigs with diarrhea (median = 1.4 mg/L; range = 0.4–7.5)
compared with healthy pigs (median = 0.3 mg/L; range = 0.1–1.9) (p < 0.001).



Animals 2023, 13, 2556 6 of 13

Animals 2023, 13, x FOR PEER REVIEW 6 of 13 
 

the saliva of pigs with diarrhea (median = 1.4 mg/L; range = 0.4–7.5) compared with 

healthy pigs (median = 0.3 mg/L; range = 0.1–1.9) (p < 0.001). 

 

Figure 1. Changes in the salivary levels of S100A8/A9 (left) and S100A12 (right) in the group of pigs 

with diarrhea due to E. coli (E. coli) compared with healthy pigs (Control). Boxes show the inter-

quartile range (25th and 75th percentile), the line within the boxes the median values, and the whisk-

ers indicate the range (minimum and maximum value). **** p < 0.0001. 

3.2. Changes of Other Salivary Analytes in Pigs with Diarrhea due to E. coli 

The results (median and range) of other salivary biomarkers are presented in Table 

1. In the group of biomarkers related to inflammation, haptoglobin, ITIH4, and total pro-

tein concentration increased in the group of pigs with diarrhea 3.08, 2.87, and 2.11-fold, 

respectively, compared with healthy pigs. 

Table 1. Variations in the salivary biomarkers of pigs with diarrhea (n = 34) compared with healthy 

pigs (n = 36). 

 Healthy Group E. coli Group  

 Median Range Median Range p Value 

S100 proteins      

S100A8/A9 (mg/L) 0.18 0.01–0.78 0.60 0.12–3.2 <0.001 

S100A12 (mg/L) 0.3 0.02–1.9 1.4 0.4–7.5 <0.001 

Inflammation      

Haptoglobin (mg/L) 2.08 0.36–6.85 6.41 1.69–33.84 <0.001 

ITIH4 (µg/L)) 8.97 1.24–34.63 25.81 3.26–111.1 <0.001 

Total protein (mg/dL) 116.9 20.90–424.8 246.9 90.22–567.9 <0.001 

Immune system      

Adenosine deaminase (U/L) 2173 32–31,328 11,600 1229–108,851 <0.001 

Stress      

Alpha-amylase (U/L) 1221 60–52,290 5997 76.70–83,992 <0.001 

Tissue damage      

Lactate (mmol/L) 5.56 0.1–27.20 21.04 1.12–27.29 <0.001 

LDH (U/L) 166.8 2.4–808 401.9 55.80–2093 0.001 

Sepsis      

Aldolase (U/L) 8.65 1.80–44.40 29.10 6.60–131.6 <0.001 

Figure 1. Changes in the salivary levels of S100A8/A9 (left) and S100A12 (right) in the group of
pigs with diarrhea due to E. coli (E. coli) compared with healthy pigs (Control). Boxes show the
interquartile range (25th and 75th percentile), the line within the boxes the median values, and the
whiskers indicate the range (minimum and maximum value). **** p < 0.0001.

3.2. Changes of Other Salivary Analytes in Pigs with Diarrhea due to E. coli

The results (median and range) of other salivary biomarkers are presented in Table 1.
In the group of biomarkers related to inflammation, haptoglobin, ITIH4, and total pro-
tein concentration increased in the group of pigs with diarrhea 3.08, 2.87, and 2.11-fold,
respectively, compared with healthy pigs.

Table 1. Variations in the salivary biomarkers of pigs with diarrhea (n = 34) compared with healthy
pigs (n = 36).

Healthy Group E. coli Group

Median Range Median Range p Value

S100 proteins
S100A8/A9 (mg/L) 0.18 0.01–0.78 0.60 0.12–3.2 <0.001

S100A12 (mg/L) 0.3 0.02–1.9 1.4 0.4–7.5 <0.001
Inflammation

Haptoglobin (mg/L) 2.08 0.36–6.85 6.41 1.69–33.84 <0.001
ITIH4 (µg/L)) 8.97 1.24–34.63 25.81 3.26–111.1 <0.001

Total protein (mg/dL) 116.9 20.90–424.8 246.9 90.22–567.9 <0.001
Immune system

Adenosine deaminase (U/L) 2173 32–31,328 11,600 1229–108,851 <0.001
Stress

Alpha-amylase (U/L) 1221 60–52,290 5997 76.70–83,992 <0.001
Tissue damage

Lactate (mmol/L) 5.56 0.1–27.20 21.04 1.12–27.29 <0.001
LDH (U/L) 166.8 2.4–808 401.9 55.80–2093 0.001

Sepsis
Aldolase (U/L) 8.65 1.80–44.40 29.10 6.60–131.6 <0.001

Redox status
FRAS (µmol/L) 210 70–650 370 130–1460 <0.001
AOPP (µmol/L) 128 28–658.6 301.7 111.3–1031 0.002

ITIH4: Inter-alpha trypsin inhibitor 4; LDH: lactate dehydrogenase; FRAS: ferric reduction ability of saliva; AOPP:
advance oxidation protein products.
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The immune system marker, ADA, showed increments of 5.46-fold in pigs with
diarrhea compared with healthy pigs. In the case of the analyte related to stress, salivary
alpha-amylase was 4.93-fold higher in the group of pigs with diarrhea. The two analytes
included to evaluate the presence of tissue damage, lactate, and LDH, showed an increase
of 3.83 and 2.86-fold in the group of pigs with diarrhea compared with healthy pigs. In the
marker of sepsis, aldolase, an increase of 3.36-fold was observed in the saliva of pigs with
diarrhea compared with healthy pigs. Finally, the two markers included in this panel to
evaluate the redox status, FRAS, and AOPP, also showed a 1.85 and 2.31-fold increase in
the pigs with diarrhea compared with controls.

The ROC curve analyses showed AUCs of 0.88 and 0.81 for S100A12 and S100A8/A9,
respectively. Additionally, AUCs higher than 0.8 were observed for ADA (AUC = 0.87),
aldolase (AUC = 0.87), total proteins (AUC = 0.87), ITIH4 (AUC = 0.85), and haptoglobin
(AUC = 0.84) (Table 2).

Table 2. Receiver operating characteristic (ROC) curve analysis for determination of cutoff value for
the salivary analytes investigated in pigs with diarrhea.

Area under the ROC
Curve (AUC) 95% CI p Value Cutoff

Value
Sensitivity

(%)
Specificity

(%)

S100 proteins
S100A8/A9 (mg/L) 0.81 0.72–0.91 <0.001 0.21 77.14 68.42

S100A12 (mg/L) 0.88 0.78–0.98 <0.001 0.5 90 70
Inflammation

Haptoglobin (mg/L) 0.84 0.75–0.92 <0.001 3.40 80.56 69.23
ITIH4 (µg/L) 0.85 0.72–0.98 <0.001 16.90 87.5 84.21

Total protein (mg/dL) 0.87 0.79–0.95 <0.001 155.2 85.29 71.05
Immune system

Adenosine deaminase (U/L) 0.87 0.79–0.95 <0.001 6214 88.24 78.38
Stress

Alpha-amylase (U/L) 0.72 0.6–0.84 <0.001 1706 72.22 73.68
Tissue damage

Lactate (mmol/L) 0.77 0.66–0.89 <0.001 18.8 75 70.27
LDH (U/L) 0.75 0.62–0.88 0.001 182.6 75 60.87

Sepsis
Aldolase (U/L) 0.87 0.79–0.95 <0.001 13.4 88.24 73.68

Redox status
FRAS (µmol/L) 0.79 0.67–0.92 <0.001 0.24 81.82 69.23
AOPP (µmol/L) 0.75 0.61–0.89 0.002 147.3 82.61 60

ITIH4: Inter-alpha trypsin inhibitor 4; LDH: lactate dehydrogenase; FRAS: ferric reduction ability of saliva; AOPP:
advance oxidation protein products.

3.3. Correlation of Salivary Analytes

Spearman correlation analysis showed a moderate positive correlation of S100A8/A9
with ADA (r = 0.61; p < 0.001) and ITIH4 (r = 0.50; p = 0.002). The S100A12 showed a high
positive correlation with total proteins (r = 0.81; p < 0.001), and AOPP (r = 0.75; p < 0.001),
and a moderate positive correlation with FRAS (r = 0.69; p < 0.001), LDH (0.63; p < 0.001),
ITIH4 (r = 0.65; p < 0.001), ADA (r = 0.58; p < 0.001), and lactate (r = 0.54; p < 0.001). A
significant moderate correlation (r = 0.65; p < 0.001) was found between the two S100s
proteins (S100A8/A9 and S100A12).

4. Discussion

In this report, increases in the calgranulins S100A8/A9 and S100A12 in saliva were
found in pigs with diarrhea caused by E. coli F4 and heat-labile toxin positive. In addition,
other analytes related to inflammation, the immune system, stress, tissue damage, sepsis,
and redox status showed increases in saliva in this disease. To our knowledge, this is
the first report in which S100A8/A9 and S100A12, as well as a comprehensive profile of
salivary analytes, are evaluated in diseased pigs with diarrhea due to E. coli.
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An AlphaLisa assay that was developed in-house with a commercially available
polyclonal antibody was used for the quantification of S100A12 in this report. The use of
this assay instead of an existing commercially available ELISA (SED080Po Cloud-Clone,
Katy, TX, USA) was preferred in order to gain the advantages of the AlphaLisa technology
such as the use of low sample volume and the lack of need for washing steps, with the
consequent saving of time as it has only two incubation steps and a total test time of 2 h. In
the analytical validation study, this new assay was precise and linear and demonstrated to
be suitable for use in pigs saliva. However, it should be considered that the use of other
methods or assays could provide different values. This has been described in humans in the
case of S100A8/A9 with different methods such as fluorometric assays, turbidimetric assays,
lateral flow tests, and chemiluminescent or enzyme-linked immunoassays giving different
values [33–35]. Based on this, it would be recommended that, in any case, each different
assay should be validated from an analytical point of view in the species and sample type
to be used before its application. In the case of assays for the measurement of S100A8/A9
and S100A12 used in the present study, saliva samples with a known concentration of each
analyte were used as calibrators to take the advantage of reducing the matrix effect [14].

Increases of both calgranulins measured (S100A8/A9 and S100A12) were found in
the saliva of pigs with diarrhea due to E. coli in our study. To our knowledge, there
are no reports about changes in S100A8/S100A9 or S100A12 in saliva in diseases related
to diarrhea or intestinal disease in pigs. However, there is evidence that both proteins
increase in these situations in feces and serum in humans. For example, both proteins
were increased in feces in patients with the intestinal disease [36,37]. Also, serum levels
of S100A8/S100A9 showed their utility in monitoring the presence of inflammation in
patients with Crohn’s disease or ulcerative colitis [38], and S100A12 concentrations in the
serum of patients with inflammatory bowel disease are correlated with disease activity [39].
In humans, it is postulated that the presence in the serum of the calgranulins could be
derived from their massive expression described in inflamed tissue from patients with
active inflammatory bowel disease [39] and the increased number of neutrophils and other
inflammatory cells that can be found in the tissue which are a rich source of them [36].
In pigs, it is interesting to point out that in an experimental challenge with ETEC, the
S100A/A9 expression in jejunal mucosa increased after the challenge and was reduced after
treatment and the improvement of intestinal inflammation [40]. Therefore, S100A8/A9
could have the potential for treatment monitoring. Further studies should be made to
elucidate the reasons for the increases of S100A8/A9, and S100A12 found in the saliva of
pigs with diarrhea due to E. coli in our report and clarify if they could come from serum
and/or be expressed in saliva as it has been described in mice [41]. In this line, it should be
indicated that the increases in these analytes could also be influenced by the loss of organic
water leading to more concentrated saliva during diarrhea. Further studies should be made
to elucidate and clarify the possible influence of water losses on the values of the analytes
in saliva.

Regarding the other analytes evaluated in this study, the three biomarkers of in-
flammation measured (haptoglobin, ITIH4, and total protein concentration) showed an
increase in the saliva of the diseased pigs. This could indicate an inflammation associated
with diarrhea caused by E. coli that could be detected by these biomarkers. Increases in
serum haptoglobin and ITIH4 have been described in pigs experimentally infected with
E. coli [42,43]. Haptoglobin was 3.8-fold higher in the saliva of pigs with diarrhea in our
study, which is consistent with the performance of haptoglobin as a moderate acute phase
protein in swine [44,45]. In the present study, the mean increase of ITIH4 was 2.87-fold, in
line with the magnitude of increases reported in the serum of pigs with E. coli infection
compared to healthy pigs [42]. The activity of ADA showed an increase in pigs with
diarrhea in our study, in line with a previous report [20] in which increments in this protein
in saliva were detected by proteomics and a spectrophotometric assay in pigs with the
same disease. The increase of alpha-amylase in this report could be due to the described
role of an increase in salivary alpha-amylase as an evolutive adaptation in order to protect
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the organism against gastrointestinal pathogens [46]. The increases in lactate and LDH
could reflect poor perfusion and tissue damage, Also, aldolase was found to increase in the
diseased animals; this could reflect a state of sepsis and would agree with the results of a
previous report where pigs were individually administered LPS from E. coli and showed in-
creases in this enzyme both by proteomics and spectrophotometric assays [15]. In addition,
the two biomarkers of oxidative stress that increase in this report, FRAS, and AOPP, were
also increased in the saliva of pigs experimentally infected with LPS from E. coli [16].

The two calgranulins measured in this study presented values of AUC > 0.8 at ROC
curve analysis; therefore, they could potentially distinguish between healthy pigs and pigs
with E. coli infection. In addition, other analytes showed AUC higher than 0.8 such as
ADA, aldolase, total protein, ITIH4, and haptoglobin. It should be pointed out that in most
cases there was an overlap of the values of the analytes between both groups and due to
the non-specific nature of these markers, they cannot be diagnostics of the disease, and
specific methods for E. coli detection are needed for this purpose. However, these analytes
could have other possible practical applications in this disease. For example, they could
allow early detection of the disease and predict its appearance in the near future in animals
without clinical signs and also could be useful for treatment monitoring.

In this study, S100A8/A9 and S100A12 showed a positive correlation. This correla-
tion was lower than others previously described in human serum in patients with septic
shock and inflammatory bowel disease [47,48] and in saliva of pigs with meningitis due to
S. suis [17]; further studies should be conducted to determine if the correlation between
these two proteins could vary depending on the disease. These proteins showed significant
correlations with the APP ITIH4 in our study, indicating their involvement in the inflam-
matory process. Calgranulins participate in the inflammatory response being released by
neutrophils, macrophages, and monocytes to induce inflammatory cytokines. Correlations
of a similar magnitude to those found in our study have been described between serum
S100A8/A9 and other APPs such as CRP (r = 0.55) in patients with rheumatoid arthritis [49].
In our report, S100A8/A9 and S100A12 also showed a correlation with ADA that could be
related to the ability that the S100 proteins family has to activate immune cells [47,50]. The
positive correlations that S100A12 showed with AOPP and FRAS could indicate a possible
role of this protein in the redox status. In this line, it was recently described that S100A12
overexpression can promote oxidative stress [51,52].

Our study has various limitations that should be pointed out. Ideally, experimental
infection with E. coli should have been performed to study the changes of these analytes in
a more controlled environment; however, it was preferred to study the disease under farm
conditions. In addition, the results of this report have been obtained with F4 E. coli, and it
would be interesting to evaluate other different serotypes. Although the statistical power
obtained in this report was higher than 0.8, indicating that from a statistical point of view,
the number of animals included in this study was adequate, it would also be interesting
to evaluate these analytes in larger populations and also different farms. ROC analysis to
evaluate the sensitivity and specificity of different analytes alone or in combination should
also be made in these studies. In addition, it would also be interesting to evaluate the
potential of these analytes to distinguish pigs with diarrhea due to E. coli from pigs with
other diseases especially those causing diarrhea and not only with healthy animals. Also,
further studies should be carried out to explore the possible application of these markers
for early detection and treatment monitoring of the disease.

5. Conclusions

It can be concluded that S100A8/A9 and S100A12 increase in pigs with diarrhea
produced by E. coli F4 and heat-labile toxin positive. In addition, in this disease, there are
increases in analytes related to inflammation such as haptoglobin, ITIH4, and total protein,
to the immune system such as ADA, stress such as alpha-amylase, tissue damage such
as lactate and LDH, sepsis such as aldolase and to redox status such as FRAS, and AOPP.
Further studies should be made to gain knowledge about the possible practical applications
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of the measurements of S100 A8/A9 and S100 A12 in the saliva of pigs as a biomarker to
evaluate the animals’ health and welfare.
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S.; Cerón, J.J.; et al. Revealing the Changes in Saliva and Serum Proteins of Pigs with Meningitis Caused by Streptococcus Suis: A
Proteomic Approach. Int. J. Mol. Sci. 2022, 23, 13700. [CrossRef]

14. López-Martínez, M.J.; Martínez-Subiela, S.; Cerón, J.J.; Ortín-Bustillo, A.; Ramis, G.; López-Arjona, M.; Martínez-Miró, S.;
Manzanilla, E.G.; Eckersall, P.D.; Tecles, F.; et al. Measurement of Calprotectin (S100A8/A9) in the Saliva of Pigs: Validation
Data of A Commercially Available Automated Assay and Changes in Sepsis, Inflammation, and Stress. Animals 2023, 13, 1190.
[CrossRef]

15. López-Martínez, M.J.; Cerón, J.J.; Ortín-Bustillo, A.; Escribano, D.; Kuleš, J.; Beletić, A.; Rubić, I.; González-Sánchez, J.C.; Mrljak,
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