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Abstract

Few diagnostic biomarkers for sepsis after emergency peritonitis surgery are available to  
clinicians, and, thus, it is important to develop new biomarkers for patients undergoing this procedure.   
We investigated whether serum glutamine and selenium levels could be diagnostic biomarkers of sepsis  
in individuals recovering from emergency peritonitis surgery.  From February 2012 to March 2013, 
patients who had peritonitis diagnosed at the emergency department and underwent emergency  
surgery were screened for eligibility.  Serum glutamine and selenium levels were obtained at pre-operative,  
post-operative and recovery time points.  The average level of pre-operation serum glutamine was 
significantly different from that on the recovery day (0.317 ± 0.168 vs. 0.532 ± 0.155 mM, P < 0.001); 
moreover, serum glutamine levels were unaffected by surgery.  Selenium levels were significantly 
lower on the day of surgery than they were at recovery (106.6 ± 36.39 vs. 130.68 ± 56.98 ng/mL, P = 0.013); 
no significant difference was found between pre-operation and recovery selenium levels.  Unlike 
selenium, glutamine could be a sepsis biomarker for individuals with peritonitis.  We recommend 
including glutamine as a biomarker for sepsis severity assessment in addition to the commonly used 
clinical indicators.
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Introduction

Septicemia is a leading cause of death in hos-
pitalized patients.  The rate of mortality from sepsis 
is 28.3% in the United States and 41.1% in Europe  
(1).  In 2013, sepsis was the twelfth leading cause of  
death in Taiwan (2).  Despite physicians’ adherence  
to evidence-based clinical practice protocols and 
guidelines from the Surviving Sepsis Campaign  
(SSC), mortality from severe sepsis in Taiwan is still  
high at 45.9% (3).  Sepsis mortality remains high in 
Taiwan because of delays in treatment and a lack of  
sepsis biomarkers for timely diagnosis.  Anti-infectious  
therapies such as the use of antibiotics or antivirals are  
major current treatments for sepsis, and SSC guide-
lines recommend administration as soon as possible  
to improve outcomes (4).  However, physicians often  
cannot decide which kinds of anti-infectious drugs to  
administer until after they have seen a culture report,  
which may take several days to produce and may de-
lay drug treatment.  Therefore, rapid and convenient 
biomarkers are necessary for prompt evaluation  
of sepsis severity.

The biomarkers currently being used to assess  
the condition of a septic patient and to diagnose sepsis  
include procalcitonin (PCT), C-reactive protein (CRP),  
interleukin-6 (IL-6), triggering receptor expressed on  
myeloid cells-1 (TREM-1), lipopolysaccharide-binding  
protein (LBP) and urokinase plasminogen activator 
receptor (uPAR) (5).  The newest SSC guidelines 
only suggest PCT and CRP for assessing sepsis (4).  
PCT is a precursor to calcitonin, which is involved  
in calcium homeostasis, and is the most investigated  
biomarker of sepsis (6, 7).  A meta-analysis calculat-
ed that PCT has a sensitivity of 0.77 and a specific-
ity of 0.79 for discriminating infectious sepsis from  
non-infectious conditions (8).  CRP is an acute-phase  
protein that is stimulated by cytokines and released  
from the liver (9).  CRP has traditionally been used  
as a marker of inflammation.  CRP has only a sen-
sitivity of 0.75 and a specificity of 0.67 for distin-
guishing bacterial infection from non-infectious  
disease (10).  Although the sensitivity of PCT and CRP  
could be above 0.7 (8, 11), they are easily affected by  
other stressors such as non-infectious disease, oxidative  
stress and surgery (12).  Sensitive, specific and precise  
biomarkers for assessing the condition of a septic 
patient are lacking.

Previous studies suggest that glutamine and 
selenium supplements can improve the outcomes of 
sepsis patients.  Accordingly, the serum levels of  
glutamine and selenium are known to be decreased in  
sepsis patients.  Glutamine is a non-essential amino 
acid that has numerous important roles including 
nitrogen balance, immune function, inflammatory  
response and antioxidant defense.  In humans, glutamine  

participates in nitrogen transport.  It is also a 
substrate for renal ammoniagenesis, and is also a  
maintainer of nitrogen balance (13).  Glutamine is a  
fuel for lymphocytes and enterocytes, which facilitates  
cell-mediated immunity and maintains the integrity  
of the intestinal mucosa (15, 16).  In addition, glu-
tamine is a precursor to glutathione, an important  
endogenous antioxidant in humans (16).  Individuals  
enduring severe metabolic stress, such as trauma, sepsis  
or major surgery, may be depleted of stored glutamine.   
Some observational studies in intensive care units 
have demonstrated that plasma glutamine depletion 
is correlated with unfavorable clinical outcomes 
(18, 19).  A meta-analysis of randomized controlled 
trials showed that parenteral glutamine supplemen-
tation could shorten hospital stay and reduce com-
plications (20, 21).  We hypothesized that serum  
glutamine levels decrease during the acute stage of  
sepsis; thus, decreased levels of glutamine may reflect  
an individual’s disease condition.  Hence, glutamine 
may be used as a biomarker for sepsis.

Selenium is another sepsis biomarker candidate,  
as it is an essential micronutrient in humans.  Se-
lenium exerts antioxidant, pro-immunity, anti-viral 
and other pleiotropic effects (22).  Serum selenium 
mainly occurs as selenoproteins, which improve 
immune functions by activating T-cells, especially 
CD4+ cells, and facilitating the cytotoxicity of natu-
ral killer cells (23).  The major selenoproteins are  
glutathione peroxidase (GPx), selenoenzyme GPx-1,  
selenoenzyme GPx-3 and selenoprotein P; these 
proteins can protect cells from free radical-induced 
oxidative stress (24).  Selenium levels are reduced 
in sepsis patients, and are correlated inversely with 
infection and mortality rates (14, 25, 26).  A meta-
analysis suggested that high-dose selenium treat-
ments might reduce mortality in sepsis patients (27).  
This implies that serum selenium is depleted in the 
disease state, and that selenium supplementation 
may improve clinical outcomes.

We hypothesized that altered patterns in glu-
tamine or selenium levels are related to a patient’s  
condition.  If this changed pattern is indeed a response  
to the patient’s septic condition, the pattern may then  
be useful as a biomarker for sepsis diagnosis, assessing  
disease severity, or for monitoring of the sepsis 
condition.  The present study investigated serum 
glutamine and selenium levels to characterize a po-
tential correlation between their behavior and the  
sepsis condition of the patients.  We aimed, therefore,  
to develop a sensitive, precise and specific biomarker  
system for assessment of sepsis severity.

Materials and Methods

Patient Selection
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This study was a collaboration between Taipei 
City Hospital, Taipei, and Chang Gung Memorial  
Hospital, Keelung.  Between February 2012 and March  
2013, 30 peritonitis patients were recruited, who, 
following surgery, were hospitalized and diagnosed 
with sepsis.  Participants were evaluated for sepsis  
using the 2013 sepsis guidelines (4).  All participants  
survived and recovered from peritonitis by the end 
of this study.  Individuals excluded from our study  
were below the age of 18 years, not subjected to surgery,  
in a very critical condition, or in a life-threatening 
condition.  This study was approved by the Mul-
ticenter Research and Ethics Committee of Chang 
Gung Medical Foundation Institutional Review 
Board (100-2020A3) and Taipei City Hospital Insti-
tutional Review Board (TCHIRB-1010520-E).  All  
patients were enrolled after signing and dating an 
approved informed consent.  Patient clinical infor-
mation was collected according to the approved In-
stitutional Review Board procedures.

Experimental Design

We enrolled a prospective cohort of patients who  
were diagnosed with acute peritonitis and would 
receive emergency surgery.  From each participant, 
5-10 mL of whole blood was phlebotomized at three 
time points: one day before operation (pre-operation), 
during the surgery (surgery), and one day before 
discharge (recovery).  To separate the serum, the 
whole blood samples were centrifuged within 24 h 
of withdrawal; fractions were stored at -80°C.

Data Collection

In addition to collecting blood samples, clinical  
data of each participant were recorded for future 
analysis.  The clinical data included age, gender, 
medical history, laboratory results and clinical 
symptoms.  Routine biochemical and clinical data 
were determined by the hospital clinical laboratory.  
Glutamine and selenium were detected in biological 
laboratories.

Serum Glutamine Concentration Measurement

Serum glutamine was measured using a com-
mercial kit (EnzyChrom Glutamine Assay Kit, 
catalog number: EGLN-100; BioAssay Systems, 
Hayward, CA, USA) at the National Yang-Ming  
University Laboratory.  The minimum volume of serum  
was 20 μl per sample per assay.  The test was replicated  
three times for each sample.  A DU 800 UV/Visible 
Spectrophotometer (Beckman Coulter, Indianapolis, 
IN, USA) was used to determine absorbance at 565 
nm of each sample.

Serum Selenium Concentration Measurement

Serum selenium was measured using an in-
ductively coupled plasma mass, ICP-MS, Xseries II 
(Thermo, Waltham, MA, USA).  The following in-
strumental parameters were used for ICP-MS analy-
ses.  The extraction voltage was -678 V, the forward 
power was 1200 W, the rf power was 1 W, and the 
focus voltage was 12.5 V.  The nebulizer gas flow  
rate was 0.88 L/min, and the CCT1 gas (7% H2/ 93%  
He) flow rate was 6.7 mL/min.  Dwell times were 
10 ms for selenium; 10 replicates per sample were 
conducted with 100 sweeps per replicate.

Statistical Analysis

Serum glutamine and selenium concentrations 
at three different time points were compared: pre-
operation, surgery day and recovery day.  All data 
are reported as the mean ± standard deviation (SD), 
or as percentages of the population.  For statistical 
analyses, Student t-tests calculated with the R soft-
ware package were used.  P < 0.05 was considered 
to indicate statistical significance.

Results

Our study enrolled 30 patients beginning in 
February of 2012 to March 2013.  Six patients were 
excluded due to incomplete sample collection or in-
sufficient clinical data.  Twenty-four patients were 
included in our final data analysis (Fig. 1).  Age, 
gender, body mass index (BMI) and the Charlson 
comorbidity index (CCI) are shown in Table 1.  All 
participants were administered antibiotics during 
hospitalization.  Days of antibiotic use ranged from  
1.08 to 12.6, and the average was 4.7 days.  Nineteen  
patients were on a regular diet.  Five patients were 
administered nutritional supplements; the minimum  
days were 3, the maximum days were 9.  Two of these  
patients were administered Kabiven, which contains  
1.2 g/L glutamine, for 5 or 8 days.  The other patients  
received a 10% amino acid infusion combined with  

Excluded 6 patients because of
incomplete blood sample or
insufficient clinical data
(male: n = 5, female: n = 1).

24 patients included for data analysis (male: n =14, female: n =10).

30 peritonities patients who were diagnosed with sepsis and hospitalized
after surgery in Taipei City Hospital, Taipei or in Chang Gung Memorial
Hospital, Keelung from Feburary 2012 to March 2013
(male: n = 19, female: n = 11). 

Fig. 1.  The selection procedure for study participants.
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parenteral lipid emulsion (SMOF) for 3, 5 and 9 days,  
respectively (Table 1).

The patients’ serum glutamine concentrations  
are shown in Fig. 2.  The mean pre-operation glutamine  
concentration was 0.317 ± 0.168 mM, and the mean 
surgery glutamine concentration was 0.381 ± 0.167 
mM.  These means were not significantly different 
(P = 0.204).  However, there were significant dif-
ferences between pre-operation day and recovery 
day (0.317 ± 0.168 vs. 0.532 ± 0.155, P < 0.001).  
There was also a significant difference between the  
mean surgery and recovery glutamine concentrations  
(0.381 ± 0.167 vs. 0.532 ± 0.155, P = 0.0026).

Serum selenium concentration patterns did not 

change in the same way as observed for glutamine.   
The mean pre-operation selenium concentration was  
higher than the mean surgery selenium concentration,  
but not significantly higher (130.68 ± 56.98 vs. 106.6 ±  
36.39, P = 0.105) (Fig. 3).  The mean surgery selenium  
concentration was 106.6 ± 36.39 ng/mL, which was  
significantly lower than the mean recovery selenium  
concentration (131.65 ± 28.79, P = 0.013).  In addition,  
there were no significant differences in the mean  
selenium concentrations between pre-operation day  
and recovery day (130.68 ± 56.98 vs. 131.65 ± 28.79,  
P = 0.944).

Furthermore, we also measured the PCT and 
CRP levels of the participants at different disease 

Table 1.  Characteristics of enrolled patients.

Event Characteristics
Age (years) 56.8 ± 21.9
Male (%) 14 (58.3)
BMI 24.7 ± 3.9
CCI 2.5 ± 2.7
Antibiotic used

Number (%) 24 (100)
Hours 113.1 ± 64.3

Nutritional supplement
Numbers (%) 5 (20.8) 
Hours 138.2 ± 62.2
Nutrition products
Amino acid + SMOF 
Kabiven

3 (12.5)
2 (8.3)

In the table, mean ± SD data are shown unless stated 
otherwise; BMI, body mass index; CCI, Charlson 
Comorbidity Index; parenteral lipid emulsion (SMOF).
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Fig. 2. Serum glutamine concentrations at different time points. 
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stages.  The PCT concentration increased after sur-
gery, but decreased when the patients recovered 
from illness (Fig. 4).  The mean PCT concentrations 
of the pre-operation, surgery day and recovery day 
were 2.353 ± 4.063 ng/mL, 6.839 ± 8.589 ng/mL,  
and 0.292 ± 0.339 ng/mL, respectively (n = 24).  The  
mean CRP level at the acute stage of sepsis was  
significantly higher than that during the recovery stage  
(139.05 ± 121.54 mg/dL vs. 48.58 ± 59.82 mg/dL, P 
= 0.015) (Fig. 5).  However, this pattern was incon-
sistent across the patients.  The CRP level on the  
recovery day was observed to be higher than the 
initial value in six of the sixteen patients (37.5%) 
(Fig. 5).  In addition, the CRP concentration was 
still higher than the normal range (<1 mg/dL) even 
with rehabilitation (Fig. 5).

Nutritional supplements may be an important  
factor for affecting serum amino acid or electrolyte  
levels of patients.  Five patients in this study received  
nutritional supplements, including carbohydrates, 
amino acids and lipids.  Amino acids are general  
components of nutritional supplements in contrast to  
selenium, which is a micronutrient.  Therefore, the 
nutritional supply might have affected our results, 
especially with regard to the glutamine level of the 
participants.  To clarify this aspect, the glutamine  
level was analyzed again after exclusion of these five  
patients (Fig. 6).  The same pattern was observed as 
in the previous result (Fig. 2).  The data suggested 
that the serum glutamine level of septic peritonitis 
patients rebounded regardless of the general nutri-
tional supply.

Discussion

One important limitation of the current clinical  
biomarkers of sepsis, namely CRP and PCT, is that 
they may be elevated by noninfectious causes of in-
flammation such as trauma, surgery or autoimmune 
disease (12, 28-31).  Although the average value of 
the patient’s CRP level was high at the acute stage 
and low at one day before discharge, the value was  
much higher than normal range (Fig. 5).  This indicates  
that the CRP level is affected by many factors, and  
not only by septic severity.  Moreover, approximately  
37.5% of the total patients’ CRP level was increased 
before discharge.  This means that the CRP level is  
not suitable as a marker in septic patients because of  
its inconsistency.  PCT levels were decreased after  
recovery, but were affected by surgery (32), consistent  
with data of this study.  The PCT level was high after  
surgery but was reduced to the normal range on the 
recovery day (Fig. 4), which indicates that surgery 
may affect the PCT level.  We consider that PCT  
could be used to assess the disease condition of a  
patient, but the effect of surgery should be accounted  
for.  In contrast, plasma glutamine levels are reportedly  
steady before and after surgery (33).  Consistent with  
our results, glutamine levels were not affected by  
surgery, and were increased at recovery day (Fig. 2).   
Because the serum glutamine concentration increased  
with improvement of the patient’s condition and was  
undisturbed by surgery, we suggest that glutamine  
is a suitable marker for assessing and monitoring the  
condition of septic patients.

Another issue is whether glutamine or selenium  
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supplementation in sepsis patients is necessary.  
Previous studies are divided over whether to admin-
ister supplemental glutamine to septic patients (19, 
34-37).  However, a large recent trial found that 
glutamine supplementation might be harmful, and 
recommended against giving glutamine to critically  
ill patients (38).  The body maintains a free pool of  
plasma glutamine through muscle protein degradation  
and de novo synthesis.  Glutamine may be produced by  
peripheral tissues such as muscles, and plasma 
glutamine levels may increase in diseased states.  
Glutamine supplementation is unnecessary in septic  
patients except in severely malnourished individuals,  
because muscle tissues release glutamine to com-
pensate for plasma glutamine deficiency (37).  This  
conclusion is consistent with our results.  The serum  
glutamine levels of the participants rebounded without  
exogenous glutamine supply.  Hence, we consider 
that glutamine supplementation is not necessary.

However, selenium supplementation in sepsis 
was recommended by previous studies (27, 39, 40).  
Because this study showed that the serum selenium  
levels on the recovery day were not increased com-
pared to the value at pre-operation day, the selenium  
level did not obviously reflect the condition of the 
septic patients.  Two potential explanations for this 
observation could be considered.  Firstly, selenium 
levels of individuals recovering from sepsis may 
increase too slowly for the increase to have been  
apparent on the recovery days specific to the present  
study.  Secondly, selenium is a trace element and a 
compensatory mechanism for selenium deficiency 
other than exogenous supply might not exist.  This 
may explain why selenium supplementation is nec-
essary for septic patients.  In addition, the mean 
selenium level on the operation day was lower than  
the mean selenium level on the pre-operation and  
recovery day.  This indicates that similar to the PCT,  
surgery might affect the serum selenium level.

The limitations of this study include its small  
sample size, limited number of time points evaluated,  
and different recovery days for different patients.   
Furthermore, serum glutamine levels, but not muscle  
glutamine levels, were measured.  Serum selenium level  
decrease were not entirely consistent with changes 
observed in selenium-related protein activity.

Conclusions

Glutamine levels are decreased in the acute stage  
and rebound when septic peritonitis patients are in  
recovery.  The altered patterns of glutamine levels are  
more consistent than the altered CRP levels in most  
patients.  In contrast to PCT, glutamine is not affected  
by surgery.  We suggest that glutamine could be de-
veloped as an effective biomarker for assessing the 

disease condition of septic patients recovering from 
peritonitis surgery.  Selenium is unsuitable as an 
indicator of sepsis assessment because the concen-
tration of serum selenium does not increase when 
the patient’s condition improves.  In addition to the 
commonly used clinical indicators, we recommend  
including glutamine as a biomarker for sepsis severity  
assessment.
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