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Abstract

Objective: Measurement of salivary biomarkers can provide important information regarding hypothalamic—pituitary—
adrenal axis activity both under normal conditions as well as in response to psychological or physical stress. Our aim was to
correlate salivary stress markers, such as cortisol, a-amylase and immunoglobulin A, with the Pediatric Risk Index Score of
Mortality, underlying disease (pathologic, trauma and postoperative), need for mechanical ventilation/sedation and time lag
between onset of illness and admission in children admitted in the pediatric intensive care unit.

Methods: We enrolled 79 pediatric intensive care unit patients (2—14years) over a 2-year period, which satisfy the including
criteria, but finally salivary biomarkers were evaluated in 65 patients. Saliva samples were collected within 24 h of admission
at 8a.m., 2p.m. and 8 p.m. to examine potential disruption of circadian rhythm.

Results: Overall, the salivary biomarkers were increased; specifically, median values were (a) cortisol at 8a.m.:
50.04 nmol/L, 2 p.m.: 30.69 nmol/L and 8 p.m.: 247.12 nmol/L; (b) a-amylase: at 8a.m.: 22.567 U/L; 2 p.m.: 22.702 U/L and
8p.m.: 21.484 U/L and (c) IgA at 8a.m.: 95.10mg/dL, 2 p.m.: 88.55 mg/dL and 8 p.m.: 80.80 mg/dL. Significantly higher levels
were demonstrated in children younger than 6years and those with Pediatric Risk Index Score of Mortality =8 upon
admission. Disturbances in circadian rhythm were observed. Cortisol circadian rhythm disturbance was observed only
in children with Pediatric Risk Index Score of Mortality score =8 upon admission while maintaining normal a-amylase
circadian rhythm, which was associated with less than 3 days hospitalization in pediatric intensive care unit. No daily
variance in IgA was observed.

Conclusion: Salivary biomarkers may serve, in critically ill children, as a sensitive, non-invasive method, important for the
early recognition of those at high risk and guiding intervention, before clinical deterioration, promoting the quality of health
care in pediatric population.
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Table I. Salivary biomarkers in healthy and critically ill children.
Study Population Cortisol (nmol/L) SAA (U/L) SIgA (mg/dL)
Maguire et al.?! N=22 (5.1-18.5years) 8 a.m: 0-25 (range)
Healthy children 12 mid-day: 0-10
8 p.m.: 04
Groschl et al.22 N=212 (2-15years) 8a.m.: 3-54.9 (range)
Healthy children 2p.m.: [.1-2.7
8p.m.: 0.2-8.7
Balbao et al.23 N =15 (49—187 months) 18.8 median

Healthy children

N =32 (0.7-201 months)
Critically ill children
Healthy children

94.| median

Granger et al.2*
Review

Starzak et al.?® N=74 (10.05 = |.68years)
Healthy children

Jafarzadeh et al.2¢ N =28 (I-10years)

(8-53.5) range

(7.7-448.3) range

400-900 (range)

8a.m.: 79.83
(mean) = 43.12 (SD)

2.439 (mean) = 1.192 (SD)

8a.m.: 4.2 (mean) = 3.85

Healthy children (SD)
Our study N=65 (2-14years) 8a.m.: 50.04 median 8a.m.: 22.567 8a.m.: 95.10
Critically ill children (range 4.24-1.563) (range 4.46-261.25) (range 1-4.84)
2p.m.: 30.69 median 2p.m.: 22.702 2p.m.: 88.55
(range 4.76-854) (range 4.32-380.79) (range 3-1.99)
8p.m.: 247.12 median 8p.m.: 21.484 8p.m.: 80.80
(range 4.0-370) (range: 19.0-145.68) (range 3-2.200)

2No specific time for sample collection was mentioned in the daily pattern of salivary a-amylase and cortisol activity in children, which parallels with the
previous findings in adults, but salivary a-amylase activity over the course of a day is opposite to that observed for cortisol, with lowest levels | h after

awakening and increasing levels over the day.?-?°

The neuroendocrine dysfunction (NED) induced by
stress significantly differs between healthy’ and critically
ill children®’ and likely varies from that in adults. The
extent of NED has not been well defined in pediatric criti-
cal illness.®? Relative or absolute adrenal insufficiency is a
clinical condition, frequently met in intensive care unit
patients, associated with fluid- and catecholamine-resistant
hypotension, that leads to vasopressor-resistant shock and
increases need of vasoactive support.!!! Many studies
have focused on adrenal insufficiency in pediatric shock
and sepsis.!>"1* Moreover, several studies have focused on
stress induced by acute respiratory distress syndrome!> and
more recently burns.!©

Reported incidence rates of adrenal insufficiency widely
range from 30% to 88%. This disparity is likely due to the
variety of diagnostic strategies. Researchers have attempted to
provide the diagnosis of acute stress syndrome based on the
observation of high baseline cortisol levels in pediatric patients
with serious illness, using adrenocorticotropic hormone stim-
ulation tests and measurement of the adrenocorticotropic hor-
mone. The results indicate variability in the use of low- or
high-dose corticotropin, in measurement of baseline cortisol
level as well as in the use of total or free cortisol levels.!”18

Initially, salivary cortisol and a-amylase measurement
has been used to estimate perceived stress in healthy children
and were measured in different age groups, gender, body
mass index (BMI) and pubertal development.!-20 Few stud-
ies have aimed to compare normal values in healthy children

and those with critical illness (Table 1). Variations in cortisol
and a-amylase reactivity in saliva have been observed with
age, but not with BMI, sex and even menstruation in girls.?’

Salivary cortisol has been used as an alternative tool for
hypothalamic—pituitary—adrenal (HPA) axis function and
deregulation.®® Salivary a«-amylase (sAA) is suggested to
reflect catecholaminergic changes due to increased activation
of the sympathetic—adrenal-medullary (SAM) system during
physical and psychological stress.! High levels of salivary cor-
tisol and sAA have been related with psychological and physi-
cal stress.’233 Importantly, SAA seems to be more sensitive in
conditions of acute stress compared with salivary cortisol.3433

Little is known about salivary innate and adaptive immune
responses to stress especially in children.3® Neuroendocrine
regulation of secretory IgA (SIgA) synthesis and secretion
and potential implications in oral health have been studied.’”
Moreover, it has been demonstrated that psychological and
physical stress may alter SIgA concentrations.?$-° However,
no published studies have been reported on the potential role
of SIgA in pediatric patients with critical illness.

Over recent years, studies have shown the inability of
early recognition of illness severity in acutely ill pediatric
patients and recognition of those at risk for physiological
deterioration.*02 In order to improve outcome, studies have
evaluated warning signs and clinical alert criteria.*>#

In the context of pediatric intensive care management,
risk factors have been established for predicting mortality,
prognosis and outcome by the application of different
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scoring systems (Pediatric Index of Mortality (PIM), PIM2,
PIM3, PRISM and PRISM III).#¢48 Through the years, the
quality of patient care for children admitted to intensive care
units (ICUs) has significantly improved, achieving high sur-
vival ratios and documented decline in pediatric intensive
care unit (PICU) mortality.*>° Moreover, the main goal
should be long-term (health-related) quality of life.>!

Over the past decade, research has focused on the identi-
fication of new biomarkers that might support diagnosis and
prognosis of disease. More specifically, the need for the
development of a rapid, validated, non-invasive and low cost
method has led to extensive research on saliva as an ideal
biological fluid.>>>* Indeed, if further research indicates that
salivary biomarkers are able to early recognize children in
severe stress, their measurement may be a useful tool in ICU
patients but also in the emergency room.

In this study, we aimed to correlate salivary biomarkers,
such as cortisol, a-amylase and SIgA, with disease severity
in children admitted in the PICU. It was hypothesized that in
case such a correlation was observed, these salivary bio-
markers could be added to the existing scoring systems used
for the early detection for critical illness.

Material and methods

Study population

A prospective study was conducted in the PICU of “P. & A.
Kyriakou” Athens Children’s Hospital over a time period of
3years (January 2011 to January 2014). This is an 8-bed ter-
tiary PICU, in which critically ill children aged 1 month to
18 years with pediatric, oncologic, surgical disease as well as
trauma are admitted. Since previous studies including stress
biomarkers in PICU patients are lacking, no calculation of
sample size was performed for this study. The protocol was
approved by the hospitals Ethics committee.

All children admitted to the PICU during the study period
were offered enrollment. Parents were informed about this
observational study and asked to provide written informed con-
sent. Exclusion criteria included age <2years, immunodefi-
ciency, use of steroids, underlying malignancy, expected
discharge within 24 h (usually children admitted for post-surgi-
cal observation) or imminent death. In addition, enrolled chil-
dren in which we failed to collect all three samples at the
pre-determined daily assessment were excluded from analysis.
Assessment of patients enrolled included demographics (age at
admission, gender and underlying disease) and clinical data
(past medical history, underlying disease and symptoms and
signs), while illness severity was assessed upon admission to
PICU by calculating the Pediatric Risk Index Score of Mortality
(PRISM I1I), according to the equation described by Pollack
et al.> The Pediatric Risk of Mortality (PRISM) score is one of
the main predictors of outcome used in the PICUs. It uses clini-
cal and laboratory parameters and an increased score is associ-
ated with higher mortality. Additional clinical data included the

following: type of admission (medical, surgical or trauma),
mechanical ventilation/sedation, treatment with vasoactive
drugs, length of stay in the PICU and mortality. Salivary bio-
markers were measured and compared in the groups of patients
by sex and age (2-5 and 6—14years). Also, in order to demon-
strate the severity of illness, biomarkers were compared in
patients with different types of admission, with PRISM score
lower and equal/higher than 8, in those who are supported with
mechanical ventilation and without mechanical ventilation, in
those in need of vasoactive support and those who remains
hospitalized in PICU above 3days. To better describe how
acutely ill our patients were, we arbitrarily selected to catego-
rize our subjects in those admitted within less or more than 6h
from disease onset. By taking into account whether the child
had a PRISM score equal/higher or lower than 8, whether he or
she was supported with mechanical ventilation, whether he or
she need vasoactive support at the first 24h in PICU and
whether he or she stayed for more or less than 3days in the
PICU, two severity groups were created, in order to compare
salivary biomarkers in gravitated conditions. The results of
saliva assessment were compared with those from reported
studies in healthy and critical ill children, which provide values
overall, without taking into account puberty, BMI, gender and
other possible influencing factors like pain and sleep/sedation.

Sample collection/analysis

Saliva samples were obtained, without any pre-treatment,
only during the first 24 h of hospitalization in the PICU using
the Salivette saliva collection system. For sampling, the
Salivette swab (Sarstedt Ag & Co., Niimbrecht, Germany)
was placed into the patient’s mouth for 2—5min by a spe-
cially trained nurse. The technique did not differ in intubated
patients. A minimum of 0.2mL of saliva was needed as per
the manufacturer’s recommendations to saturate the swab.
The samples were then stored at —70°C until analysis. To
determine whether the circadian pattern of cortisol and o-
amylase secretion was retained, three samples were collected
(8.00a.m., 2.00 p.m. and 8.00 p.m.).

Salivary cortisol concentrations were measured using an
electrochemiluminescence immunoassay using the Elecsys/
Cobas e411 immunochemistry analyzer (Roche Co., Basel,
Switzerland). The intra- and inter-assay precision coefficients
of variation for salivary cortisol ranged from 1.5% to 6.1%
and 4.1% to 8%, respectively. The analytical sensitivity was
between 1.00 and 1750nmol/L or 0.036 and 63.4pg/dL
(defined by the Limit of Detection and the maximum of the
master curve). Salivary a-amylase concentrations were deter-
mined with Siemens Advia 1800 Clinical Chemistry System
(Siemens Healthcare Diagnostics, Tarrytown, NY, USA)
using the International Federation of Clinical Chemistry and
Laboratory Medicine (IFCC) method.

Salivary secretory IgA (SIgA) concentrations were deter-
mined by means of an immune-nephelometric technique
using the BN ProSpec nephelometer (Siemens Healthineers,
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Erlangen, Germany). According to the manufacturer, the = non-parametric tests were used for the analysis. Excessive
inter- and intr a-assay coefficients of variation ranged 3.9%—  values were excluded. Chi-square analysis was used for the
6.8% and 1.8%—5.9%, respectively. examination of categorical variables and Mann—Whitney'’s,
Kruskal-Wallis and Spearman’s Rho analyses for differ-
ences in the levels of categorical variables in relation to the
continuous. Salivary cortisol values were log-transformed.
The analysis was conducted with the software SPSS v.22. Significance was set at p=<<0.05.

Descriptive statistics were calculated for all examined vari-
ables. Normality was evaluated using the Kolmogorov—
Smirnov test. Since values had a non-normal distribution,

Statistical analysis

Results

The study population consisted of 65 children, among 796
PICU admissions during the study period. Most children
Table 2. Characteristics of the cohort. were excluded either because of age less than 2years
(n=357), parental refusal to participate in the study (n=>56),

Characteristic N (%) admission for post-surgical observation (n=112), malig-
Total patients 65 nancy (n=136) or PICU hospitalization duration for less
Age (years) than 48h (n=56). Finally, 14 additional patients were
2-5 23 (35.4) enrolled, but later excluded because of no satisfactory saliva
6-14 42 (64.6) samples obtained, rendering salivary biomarkers immeasur-
Gender able. Of 65 children for whom complete data were collected,
Male 41 (64.1) 41 (64.1%) were males. Average age was 7.52 + 3.91 years.
Female 24 (36.9) The majority of patients were admitted due to medical illness
Type of admission (52.3%), required mechanical ventilation (70.8%) and stayed
Medfcal 34 (523) at PICU for more than 3 days (66.1%). Table 2 depicts demo-
Surgical 12 (18.5) graphic and clinical data of our cohort.
Trauma 19 (29.2)
Underlying disease 21 (32.3)
PRISM Salivary biomarkers in study population
Less than 8 36 (554) Overall, salivary biomarkers (cortisol, amylase and SIgA)
More than 8 29 (44.6)
: _ were elevated when compared to the reported normal values
Mechanical ventilation (MV) 46 (70.8) . e . . .
) in healthy and critical ill children?!-2¢ (Table 1) without vari-
Sedation 38 (58.5)

9 (14.1) ances concerning age, gender and BMI. Levels of the salivary

Use of vasoactive drugs ) i ]
biomarkers measured in our cohort are shown in Table 3.

Time of admission

Early (<6h) 40 (61.5)

Delayed 25 (384) Salivary biomarkers in different subgroups of
Length of stay in ICU (days) 4.9 (median) patients

Less than 3 days 22 (33.8)

More than 3 days 43 (66.1) Children aged less than 2—Syears had significantly higher
Deaths 3 (4.6) cortisol at 8p.m. (73 £93.5) and higher SIgA at 8a.m.

(532.18 = 1101.5) in comparison to children aged 6—14 years

ICU: intensive care unit; PRISM: Pediatric Risk Index Score of Mortality.

Table 3. Salivary biomarkers (cortisol (nmol/L), a-amylase (U/L) and IgA (mg/dL)).

Cortisol Cortisol Cortisol a-Amylase a-Amylase a-Amylase IgA IgA IgA

8a.m. 2p.m. 8p.m. 8a.m. 2p.m. 8p.m. 8a.m. 2p.m. 8p.m.
Mean 133.72 102.76 130.38 45,412.98 52,117.11 68,765.15 396.82 342.07 274.49
Median 54.64 32.77 27.37 262.22 260.29 245.50 121.50 102 80.80
SD 272.13 182.15 344.75 158,682.4 194,724.5 254,564.0 767.41 562.35 538.25
SE 32.52 22.25 41.50 18,446.46 23,109.56 30,211.19 102.54 77.24 71.29
95% ClI 64.89 44.43 82.81 36,764.43 46,091.44 60,255.47 205.51 155 142.82
99% ClI 86.16 59.03 109.99 48,791.85 61,196.18 80,001.93 273.64 206.54 190.12
Min 424 4.76 5.21 5.21 23.45 36.56 1.26 1.26 1.26
Max 1563 1163.6 1750 1750.00 11,4591.0 1,456,810 4110 3120 2900

Cl: confidence interval; SE: standard error; SD: standard deviation; IgA: immunoglobulin A.
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Figure |I. Salivary cortisol and SIgA between age groups. Evening
salivary cortisol (8 p.m.) and morning SIgA (8a.m.) were higher

in younger children (2-5years) when compared to the group of
older children. Salivary cortisol levels were measured in nmol/L,
while salivary IgA in mg/dL. Error bars: 95% CI.

(47.17%=79.16, U=197, p=0.015 and 292.86 *790.25,
U=139, p=0.008), respectively (Figure 1). When patients
were compared according to PRISM score upon admission,
those with equal or higher PRISM score (>8) were found to
have significantly higher levels of saliva a-amylase at 8a.m.
(U=328.5, p=0.042). Also, a trend for higher levels of sali-
vary cortisol at 8 p.m. (U=228, p=0.058) was noted although
this difference was not statistically significant (Figure 2).
Despite the high levels overall, no significant difference was
found between cortisol, a-amylase and IgA levels when
patients were categorized according to type for admission,
PRISM score admission (lower/equal/higher than §), imme-
diate or delayed PICU hospitalization, length of PICU stay,
mechanical ventilation and outcome.

Concerning the two severity groups, the results are shown
in Table 4. The children in the high-gravity group had signifi-
cantly higher cortisol at2 p.m. (79.80 = 88.21vs 25.80 =24.71,
U=25, p=0.036; Figure 3). Although older children (6—
14 years) were more likely to belong to the high-severity group
when compared to children 2—5years old (69.2% vs 30.8%),
this difference was not statistically significant.

Circadian rhythm of salivary biomarkers

Cortisol and a-amylase normality was maintained by 49.2%
and 35.4% of children, respectively. Salivary cortisol levels
significantly changed during the first hospitalization day
(Figure 4). Children maintaining normal cortisol circadian
rhythm were more likely to have admission PRISM score <8
(p=0.049) and significantly lower salivary cortisol at §p.m.
(U=217, p=0.011; Figure 5). Children not maintaining nor-
mal cortisol circadian rhythm had significantly higher cortisol

PRISM < 8 PRISM > 8

Figure 2. Salivary cortisol and a-amylase according to PRISM
score upon admission. Evening salivary cortisol (8 p.m.) and
morning amylase levels (8a.m.) were higher in children with
PRISM score greater than 8 upon PICU admission. Salivary
cortisol levels were measured in nmol/L, while salivary amylase in
mg/dL. Error bars: 95% CI.

Table 4. High- and low-gravity group definition.

Variable High gravity Low gravity
PRISM More than 8(29) Up to 8(36)
Mechanical ventilation Yes (46) No (19)
Total days in PICU More than 3(43) Up to 3(22)
Vasoactive drugs Yes (9) No (56)

PICU: pediatric intensive care unit; PRISM: Pediatric Risk Index Score of
Mortality.

at §p.m. (U=217, p=0.011). Moreover, children who did not
maintain normal o-amylase circadian rhythm had signifi-
cantly lower a-amylase at 2p.m. (U=173.5, p=0.000).

In addition, children who stayed in the PICU less than
3 days were more likely to maintain normal a-amylase circa-
dian rhythm (p=0.043). Finally, 71.4% of children aged
6—14years were unable to maintain a normal a-amylase circa-
dian rhythm as opposed to 28.6% of children aged 2—5years
(p=0.068). Overall distribution of salivary biomarkers during
the three different time points is shown in Figure 6.

Discussion

NED in children with life-threatening conditions has been
extensively studied over the past 10 years. Although there has
been significant research, risk factors for the development of
adrenal insufficiency, which aggravates critical illness, remain
unclear. Moreover, at present, there are no available biomark-
ers which may assist clinicians in the early detection of
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Figure 3. Difference in salivary cortisol at 2p.m. in the gravity
groups.
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Figure 4. Salivary cortisol level changes during the first
hospitalization day. Boxes represent the interquartile range,
lines inside boxes represent the median value, cross represents
mean marker and whiskers represent the lowest and highest
observations. ANOVA repeat measures p=0.035 (means) and
Kruskal-Wallis p=0.02 (medians).

impeding adrenal insufficiency.®>7 This is important since
these data may increase our understanding of pathogenesis
and guide corticosteroid replacement therapy.38-0

Recent studies have demonstrated a strong relationship
between childhood trauma,’! stress, maltreatment, post-trau-
matic stress disorder (PTSD)%2 and deregulation of the hypotha-
lamic—pituitary axis. More recently, salivary biomarker research
has focused on physical exercise, obesity,>> dentistry,2%> psy-
chiatric diseases,% burns!® and critical illness.*

The majority of studies from sports medicine have shown
that SIgA has been implicated in stress and antimicrobial
defense.®5:66 Moreover, recent studies have shown that

Cortisel 8 pm
PRISM <8

Median

No Yes
Maintenance of cortisol circadian rhythm

Error bars: 95% ClI

Figure 5. Characteristics of children maintaining normal cortisol
circadian rhythm. Children maintaining normal cortisol circadian
rhythm had lower levels of cortisol at 8p.m. and had PRISM <8
upon PICU admission. Error bars: 95% ClI.

prolonged exercise and intensified training can evoke
decreases in saliva secretion of SIgA resulting to an increased
risk of upper respiratory tract infections (URTI) in adoles-
cents and young adults.?*%7 Specifically, high levels of saliva
SIgA are associated with low incidence of URTISs.

SIgA plays a significant role in the protection of URTI.
SIgA exerts efficient microbial agglutination and virus neu-
tralization and performs non-inflammatory extracellular and
intracellular exclusion by inhibiting epithelial adherence and
invasion.®® Numerous studies have attempted to correlate sali-
vary IgA levels to a variety of oral systemic diseases such as
carries, periodontal diseases, tonsillitis, adenoid hyperplasia,
secretory otitis media and upper respiratory infections.®-70
Furthermore, it has been suggested that repeated antibiotic
treatment may lead to persistently low salivary IgA levels.
Sonesson’! reported lower concentration of salivary IgA in the
saliva of children in comparison to adolescents and adults.
Levels of SIgA vary widely between individuals.?®

In our study, levels of daily distribution of salivary bio-
markers, namely, cortisol, amylase and SIgA, in a cohort of
critically ill children upon admission to PICU are described.
Potential association between salivary biomarkers and dis-
ease severity established by PRISM upon admission and
need for mechanical ventilation, acute stress determined by
time between disease onset and PICU admission and out-
come ascertained by PICU hospitalization duration and
death were assessed.

Overall, salivary biomarkers were significantly elevated
when compared to published values in healthy children?224-26
(Table 1). As per Groschl et al.,?? reference salivary median
cortisol levels in healthy children aged 2—15 years are 8a.m.
3.0-54.9, 2p.m. 1.1-20.7 and 8p.m. 0.2-8.7 (nmol/L).
Moreover, Maguire et al.?! reported a range of salivary
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Figure 6. Daily distribution of salivary biomarkers: (a) cortisol (nmol/L), (b) a-amylase (U/L) and (c) IgA (mg/dL).

cortisol levels of 0-25nmol/L at 8a.m., 0—10nmol/L at
2p.m. and 0—4nmol/L at 8 p.m. in children aged 5—18 years.
In reference to sAA, Granger et al.* have reported levels
ranging between 400 and 900U/mL in healthy children.
Concerning SIgA, Jafarzadeh et al.?® reported median levels
of 4.26 =3.85mg/dL in a small number of healthy children
aged 1-10years. Most recently, Starzak et al.>> reported a
median level of 2.439 + 1.192 mg/dL. Regarding critically ill
children, Balbao et al.? reported values ranging between 7.7
and 448.3 nmol/L for salivary cortisol in children aged 0.5—
8.3 years. Our results are in accordance with previous data
indicating that critically ill children have higher salivary cor-
tisol concentrations.?? In addition, in this cohort, extremely
high concentrations of sAA were observed, although consid-
erable variation in levels was noted (Table 3). Indeed, in our
cohort, although levels of SIgA were significantly higher
when compared to those reported in healthy children?326
(Table 1), a significant variation was observed (Table 3).
Therefore, no reliable postulation on the role of SIgA can be
made from these data. In general, the significant increase in
the examined biomarkers indicates the acute stress induced
by critical illness influenced by other factors. Unfortunately,
in the existing bibliography, concerning acute stress in pedi-
atric emergency and intensive care is scarce. It has been
hypothesized that biomarkers for diagnosing, monitoring
and stratifying various forms of critical illness may be impor-
tant and change the daily clinical practice in PICU.%
Importantly, to evaluate whether salivary biomarkers
examined herein may be used as prognostic factors, possible
association between salivary biomarkers and critical illness
in children was examined. Younger children (<6years old)
and those with PRISM score equal and higher than 8§ upon
PICU admission were more likely to present with increased
salivary biomarkers (Figures 1 and 2). Of note, we arbitrarily

elected to compare children according to their PRISM score
upon admission (<8 and =8) following previous studies.”?
Significant observations concerning the circadian rhyth-
micity were demonstrated. Most children had alteration of
the circadian rhythm of both cortisol and «a-amylase.
Regarding salivary cortisol, children with a PRISM score
equal and higher than 8 upon admission were more likely to
present with disruption of cortisol circadian rhythm which
was most likely due to an increase in their cortisol values at
8 p.m. Gonzalez et al.”3 previously demonstrated abnormali-
ties in cortisol regulation in children admitted to PICU last-
ing for 3-6months post discharge. Moreover, putting
together disease severity markers, namely, PRISM equal and
>8 upon admission, mechanical ventilation, use of vasoac-
tive support and hospitalization in the PICU for more than
3days, a group of high-gravity children was formed.
However, in this group of children, only higher salivary cor-
tisol levels at 2 p.m. were observed, possibly due to the small
number of children in our cohort. sAA rhythm was frequently
disrupted, mainly due to decreased levels at 2p.m., since
only the 35.4% of the study population maintained normal-
ity. Moreover, since altered circadian rhythm of a-amylase
was observed among children who remained hospitalized in
the PICU for more than 3 days, an indirect marker of sever-
ity, one may postulate that decrease in sAA levels at 2 p.m.
may serve as a surrogate marker of disease severity.
Overall, the development of biomarkers, especially in
critically ill children, is important for the early diagnosis,
guidance of treatment and monitoring.” The main goal is to
discover specific associations between salivary biomarkers
and NED or even outcome in pediatric critical care. These
markers might be useful in understanding the pathogenesis
and more importantly might assist in the early detection of
the subgroup of patients in need of additional support.*0-42
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Salivary biomarkers are easy to obtain by non-invasive
methods. Therefore, they could be used in combination with
warning signs and clinical alert criteria,***> in order to
improve quality of care for critically children. The major
challenge to be resolved before salivary biomarkers may be
used in clinical practice is the harmonization of measure-
ments since to date reports use different methodologies and
variable reference ranges.

This study has several limitations. No healthy controls
were included. Saliva samples were not examined simultane-
ously with blood samples. Furthermore, samples were taken
only on the first day, upon PICU admission, whereas more
samples examined prospectively might have provided valu-
able data and address association of salivary biomarkers with
prognosis. Notably, time between disease onset and PICU
admission as well as between admission and first sample col-
lection differ between patients. These are undoubtedly fac-
tors that may affect biomarker levels. However, in such
prospective studies, such limitations are difficult to over-
come. Moreover, other potential influencing factors includ-
ing puberty and sleep destruction were not evaluated.
Importantly, one may postulate that the number of children
was small and therefore the study lacks power to reveal
meaningful associations. Moreover, the variance of values
was significant. Furthermore, since biomarkers may be
influenced by multiple confounding factors including age,
sex and underlying disease, the results of this study rather
represent a first attempt to describe potential associations
rather than providing evidence for use of salivary biomarkers
as a tool to estimate stress and outcome. These limitations
were mainly due to logistical and financial constraints.
Finally, results on sAA and SIgA need to be confirmed in
future studies since considerable variations in levels were
noted limiting the interpretability of these biomarkers.

Conclusion

Despite aforementioned constraints, this study contributes to
the literature by describing a pattern of salivary biomarkers
in critically ill children. It is crucial to establish a practical
and objective method which may provide clinical and/or
laboratory criteria to identify children with severe stress and
therefore poor prognosis upon admission to PICU. Ideally,
this method should be easy to use, require no extensive expe-
rience of the observer, should be easy to reproduce, have a
low cost and be minimally invasive and highly accurate.
Salivary biomarkers may help identify children at high risk.
Therefore, they may be easily added in existing scales used
for evaluating children upon admission and monitoring criti-
cally ill children during hospitalization in the PICU.
However, inconsistent findings demonstrate the need to
establish normative cortisol, a-amylase and SIgA salivary
levels and further describe changes in acute stress. Thence,
using such a non-invasive method, salivary stress markers
may potentially be added in new scores and assist clinicians

to early identify the subgroup of patients with critical illness
and poor prognosis in need of additional support.
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ecules in saliva may help identifying children at high risk needing
additional support.
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