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Objectives: To describe serum concentrations of zinc, selenium,
and prolactin in critically ill children within 72 hrs of PICU admis-
sion, and to investigate relationships between these immunomod-
ulators and lymphopenia.

Design: An analysis of baseline data collected as part of the multi-
center Critical lliness Stress Induced Immune Suppression (CRI-
SIS) Prevention Trial.

Setting: PICUs affiliated with the Collaborative Pediatric Critical
Care Research Network.

Patients: All children enrolled in the CRISIS Prevention Trial that
had baseline serum samples available for analysis.

Interventions: None.

Measurements and Main Results: Of 293 critically ill children
enrolled in the CRISIS Prevention Trial, 284 had baseline serum
samples analyzed for prolactin concentration, 280 for zinc
concentration, and 278 for selenium concentration within 72 hrs
of PICU admission. Lymphocyte counts were available for 235
children. Zinc levels ranged from nondetectable (< 0.1 pg/mL)
to 2.87 ng/mL (mean 0.46 pg/mL and median 0.44 pg/mL) and

were below the normal reference range for 235 (83.9%) children.
Selenium levels ranged from 26 to 145ng/mL (mean 75.4 ng/mL
and median 74.5ng/mL) and were below the normal range for
156 (56.1%) children. Prolactin levels ranged from nondetectable
(< 1ng/mL) to 88ng/mL (mean 12.2ng/mL and median 10ng/
mL). Hypoprolactinemia was present in 68 (23.9%) children.
Lymphopenia was more likely in children with zinc levels below
normal than those with zinc levels within or above the normal
range (82 of 193 [42.5%)] vs. 10 of 39 [25.6%], p = 0.0498).
Neither selenium nor prolactin concentrations were associated
with lymphopenia (p = 1.0 and p = 0.72, respectively).
Conclusions: Serum concentrations of zinc, selenium, and prolac-
tin are often low in critically ill children early after PICU admission.
Low serum zinc levels are associated with lymphopenia, whereas
low selenium and prolactin levels are not. The implications of
these findings and the mechanisms by which they occur merit fur-
ther study. (Pediatr Crit Care Med 2013; 14:0-0)
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ability to affect cells of the immune system is a

promising therapy that may help to maintain immune
system efficacy and prevent infection (1). Three natural
immunomodulators important for lymphocyte health are
zing, selenium, and prolactin. The multicenter Critical Illness
Stress Induced Immune Suppression (CRISIS) Prevention
Trial evaluated the effect of zinc, selenium, glutamine,
and metoclopramide (a prolactin secretagogue) vs. whey
supplementation on the development of infection and sepsis
in critically ill children (2). As part of the trial, baseline
serum levels of zinc, selenium, and prolactin were obtained
within 72 hrs of PICU admission. In this report, we describe
these baseline values and their relationships to lymphocyte
counts. We hypothesized that zinc, selenium, and prolactin
concentrations are low in critically ill children early after PICU
admission and that low concentrations are associated with
lymphopenia.

r I Vhe provision of nutritional supplements with the

METHODS

Setting and Participants

The CRISIS trial was conducted by the Eunice Kennedy Shriver
National Institute of Child Health and Human Development
Collaborative Pediatric Critical Care Research Network (CPC-
CRN). The study was approved by the Institutional Review
Board at each site. Parental permission was obtained for all
participants.

All children admitted to a PICU affiliated with the CPC-
CRN between April 2007 and May 2009 were screened for en-
rollment in the CRISIS trial (2). Children were eligible if they
were between 1 and 18 yr of age; were within the first 48 hrs
of PICU admission; had an endotracheal tube, central venous
catheter, or Foley catheter; were anticipated to require PICU
care and have vascular access for blood sampling during the
first 3 days of study enrollment; and were anticipated to have
venous access and an enteral feeding tube for administration
of study supplements. Major exclusions included known al-
lergy to metoclopramide and chronic metoclopramide therapy
prior to enrollment. Full exclusion criteria are reported else-
where (2).

Clinical Data Collection

Clinical data collected within 72 hrs of PICU admission in-
cluded gender, age, primary admission diagnosis, history of
chronic illness, presence of sepsis or infection, immune status
(compromised or not), use of dopamine, severity of illness, and
lymphocyte count. Sepsis and infection were defined accord-
ing to the Centers for Disease Control and Prevention (3). Im-
mune compromised status was defined as the known presence
of acquired immune deficiency syndrome, cancer, transplanta-
tion, primary immune deficiency, or chronic immune suppres-
sant therapy. Severity of illness was quantified using the Organ
Failure Index (OFI), the Pediatric Logistic Organ Dysfunction
(PELOD) score, and the Pediatric Risk of Mortality IIT (PRISM
III) score (4—6). Higher scores indicate greater severity of ill-
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ness. Lymphopenia was defined as an absolute lymphocyte
count < 1000 cells/mm? occurring anytime from PICU admis-
sion until the first study supplement was administered (within
72 hrs of PICU admission), or until the time of randomization
for those few who received no study supplements.

Blood Specimens

Blood specimens for zinc, selenium, and prolactin concentra-
tions were collected within 72 hrs of PICU admission prior to
administration of study supplements and analyzed by a central
laboratory (Mayo Clinic Laboratory, Rochester, MN). One to
seven milliliters of blood were collected into a metal-free tube.
Blood was allowed to clot for 30 mins at room temperature and
then centrifuged at 3000 rpm for 30 mins. Serum was checked
for hemolysis by visual inspection and separated into three
aliquots for zing, selenium, and prolactin assessment. Aliquots
were refrigerated and shipped on a cold pack to the central
laboratory by overnight mail. Serum was analyzed for zinc us-
ing inductively coupled plasma optical emission spectrometry,
selenium was analyzed using inductively coupled plasma mass
spectrometry, and prolactin was analyzed on a Beckman Coul-
ter DxI 800 using Beckman reagents (Brea, CA). Normal rang-
es for zinc and selenium previously established by the central
laboratory are as follows: zinc, 0.60-1.20 ug/mL for children
age < 10 yr and 0.66-1.10 pg/mL for children > 11 yr; and
selenium 70-150 ng/mL for children 1-10 yr and 95-165ng/
mL for children > 11 yr. Hypoprolactinemia was defined as a
concentration of < 3ng/mL (7, 8).

Statistical Analysis

Categorical variables are expressed as absolute counts and
percentages. Continuous variables are expressed as means,
medians, and ranges. Significance of associations between cat-
egorical variables was assessed by the Pearson chi-square test
or Fisher’s exact test. Magnitude and significance of associa-
tions between continuous variables were assessed by Spearman
rank-based correlation coefficients. Reported significance lev-
els are not adjusted for multiple comparisons as this analysis is
considered exploratory.

RESULTS
A total of 293 children were enrolled into the CRISIS study, of
which 284 had a baseline blood specimen available and ana-
lyzable by the central laboratory. Of these, 141 (49.6%) were
female; age ranged from 1 to 18 yr (mean 8.1 yr and median
7.0 yr). Ten (3.5%) children had a primary admission diagno-
sis of shock. A history of chronic illness was obtained for 137
(48.2%) children. Infection was present in 98 (34.5%) children
and sepsis in 89 (31.3%). Twenty-five (8.8%) children were im-
mune compromised. Dopamine was administered on the day
baseline blood specimens were obtained for 92 (32.4%) chil-
dren.

Prolactinlevelswereobtained forall284 children with baseline
blood specimens, whereas zinc levels were assessed in 280 and
selenium levels in 278. Zinc levels ranged from nondetectable
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Figure 1. Baseline zinc concentration, 83.9% have zinc level below the
normal range.

(<0.1 pg/mL)t02.87 pg/mL (mean 0.46 pg/mL and median 0.44
pg/mL) (Fig. 1). Zinc levels were below normal for 235 (83.9%)
children. Selenium levels ranged from 26 to145ng/mL (mean
75.4ng/mL and median 74.5ng/mL) (Fig. 2). Selenium levels
were below normal for 156 (56.1%) children. Prolactin levels
ranged from nondetectable (< 1ng/mL) to 88ng/mL (mean
12.2ng/mL and median 10 ng/mL) (Fig. 3). Hypoprolactinemia
was present in 68 (23.9%) children. Of 274 children with data
for all three immunomodulators, 98 (35.8%) had low levels of
one, 123 (44.9%) had low levels of two, and 35 (12.8%) had
low levels of three. Only 18 (6.6%) children had levels within or
above the normal range for all three immunomodulators. When
only immune competent children were included in the analysis,
zinc levels were below normal for 216 (84.4%), selenium levels
were below normal for 138 (54.3%), and hypoprolactinemia
was present in 59 (22.8%).

Lymphocyte counts were available for 235 children. Lym-
phocyte counts ranged from 0 to 17,200 cells/mm’ (mean
1725 cellsymm’® and median 1300 cells/mm?). Lympho-
penia (< 1000 cells/mm?) was present in 93 (39.6%) chil-
dren. Lymphopenia was more likely in children with zinc
levels below normal than those with zinc levels within or
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Figure 2. Baseline selenium concentration, 56.1% have selenium level
below the normal range.
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Figure 3. Baseline prolactin concentration, 23.9% have prolactin level
below the normal range.

above the normal range (82 of 193 [42.5%] vs. 10 of 39
[25.6%], p = 0.0498). Neither selenium nor prolactin con-
centrations were associated with lymphopenia (p = 1.0 and
p=0.72, respectively). When only immune competent children
were included, lymphopenia was more significantly associated
with low zinc levels (72 of 176 [40.9%] vs. 6 of 34 [17.6%],
p=0.01). Again, neither selenium nor prolactin levels were as-
sociated with lymphopenia (p = 0.69 and p = 0.39, respective-
ly). When using a cut-off of 500 cells/mm?® to define lymphope-
nia, only 23 of all 235 patients (9.8%) were lymphopenic; there
was no association between lymphopenia and levels of zinc (p
= 1.0), selenium (p = 0.77), or prolactin (p = 0.79).

Zinc levels below the normal range were less likely among
children with chronic illness than those without (107 of 135
[79.3%] vs. 128 of 145 [88.3%], p = 0.04), and also less likely
among children with infection or sepsis than those without
(146 of 183 [79.8%] vs. 89 of 97 [91.8%], p = 0.01). Zinc levels
below the normal range were not associated with a primary
diagnosis of shock at admission (9 of 10 [90.0%] vs. 226 of
270 [83.7%], p = 1.0). Zinc levels below the normal range were
not associated with immune status (19 of 24 [79.2%] immune
compromised vs. 216 of 256 [84.4%] immune competent, p
= 0.56). Selenium levels below the normal range were more
likely among children with chronic illness than those without
(84 of 135 [62.2%] vs. 72 of 143 [50.3%], p = 0.046), and also
more likely among children with infection or sepsis than those
without (115 of 182 [63.2%] vs. 41 of 96 [42.7%], p = 0.001).
Selenium levels below the normal range were not associated
with a primary diagnosis of shock at admission (8 of 9 [88.9%]
vs. 148 of 269 [55.0%], p = 0.08). Selenium levels below the
normal range were not associated with immune status (18
of 24 [75.0%] immune compromised vs. 138 of 254 [54.3%]
immune competent, p = 0.051). Hypoprolactinemia was not
related to chronic illness (p = 0.62), the presence of infection or
sepsis (p = 0.95), or a primary diagnosis of shock at admission
(p=0.71). Hypoprolactinemia was not associated with immune
status (9 of 25 (36.0%) immune compromised vs. 59 of 259
(22.8%) immune competent, p = 0.14). Hypoprolactinemia
was more likely among children receiving dopamine than those
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TABLE 1. Spearman Correlations of Laboratory Values with Severity of lliness Indices

Prolactin (n = 284)

Lymphocytes (n = 235)

Zinc (n = 280) Selenium (n = 278)
OFI -0.162 (p = 0.009) -0.33 (p < 0.001)
PELOD -0.23 (p < 0.001) -0.22 (p < 0.001)
PRISM -0.23 (p < 0.001) -0.14 (p =0.02)

-0.18 (p = 0.003) 0.06 (p = 0.33)
-0.16 (p = 0.006) -0.09 (p=0.15)
-0.17 (p = 0.005) ~0.16 (p =001)

OFI = Organ Failure Index; PELOD = Pediatric Logistic Organ Dysfunction; PRISM Il = Pediatric Risk of Mortality.

#Values represent rank-based Spearman’s rho values.

not receiving dopamine (60 of 92 [65.2%] vs. 8 of 192 [4.2%],
P <0.0001). Zing, selenium, and prolactin concentrations were
inversely related to severity of illness indices (Table 1).

DISCUSSION

Our findings demonstrate that serum concentrations of zinc,
selenium, and prolactin are often low in critically ill children
early after PICU admission. Many children had low levels of
more than one of these immunomodulators. Lower concen-
trations of zinc, selenium, and prolactin were associated with
greater severity of illness. Low zinc concentrations were associ-
ated with lymphopenia, whereas low selenium and prolactin
concentrations were not.

Zinc is a trace element necessary for normal immune func-
tioning, oxidative stress responses, wound healing, and growth
(9). Zinc homeostasis is tightly maintained through gastroin-
testinal absorption and excretion, urinary excretion, and tis-
sue redistribution (10). Less than 0.1% of the body’s total zinc
content is present in blood, thus a low serum level may not
represent true deficiency. The low serum zinc levels observed
in our study and the inverse relationship between zinc level
and severity of illness are consistent with other research. In a
study of 20 critically ill children, Cvijanovich et al (11) found
low plasma zinc levels in all; zinc levels correlated inversely
with markers of inflammation (e.g., C-reactive protein) and
degree of organ failure. The low zinc levels observed in our
study were also associated with lymphopenia. True zinc defi-
ciency has consistently been shown to result in thymic atrophy,
lymphopenia, and impaired cell- and antibody-mediated im-
munity (9). Whether the low zinc levels observed early in criti-
cal illness contribute to the development of lymphopenia will
require further study.

Selenium is a trace element important to the antioxidant
defense system, and leukocyte and NK cell function (12). Simi-
lar to our findings in critically ill children, selenium levels have
also been shown to be decreased among critically ill adults with
systemic inflammatory response syndrome and to be inversely
related to severity of illness (13). Potential explanations for low
serum selenium concentrations among critically ill patients in-
clude tissue redistribution and ongoing losses, similar to that
described for low serum zinc.

Prolactin is a counterregulatory stress hormone that sup-
presses glucocorticoid-induced apoptosis of lymphocytes
(14). Prolactin has a circadian peak during nighttime hours
and is enhanced by sleep (15). Various drugs and endogenous
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substances are also known to affect prolactin levels (16). For
example, dopamine is the predominant physiologic inhibi-
tor of prolactin release. Prolonged hypoprolactinemia (i.e.,
> 7 days) has been shown to be a risk factor for lymphope-
nia and lymphoid depletion in children with nosocomial
sepsis and multiple organ failure (7). However, in our study,
baseline hypoprolactinemia was not associated with low
lymphocyte counts within 72 hrs of PICU admission. These
findings might suggest that the association between hypopro-
lactinemia and lymphopenia during critical illness develops
over time.

Strengths of this study include the large sample size and use
of a central laboratory for analysis of serum zinc, selenium,
and prolactin concentrations. Limitations include the lack of
tissue levels and inability to assess total body stores. Timing
of prolactin levels was not standardized and thus the preva-
lence of hypoprolactinemia could be underestimated. Corre-
lations between zinc, selenium, and prolactin concentrations
and severity of illness indicators are low likely due to the many
variables affecting severity of illness. As multiple significance
assessments were performed in this exploratory study, there is
the possibility of type I error for some associations found to be
statistically significant. We conclude that serum concentrations
of zinc, selenium, and prolactin are often low in critically ill
children early after PICU admission. The implications of these
findings and the mechanisms by which they occur merit fur-
ther study.
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