
Evaluation of Serum Selenium Levels in Sepsis Patients 
Hospitalized in Tabriz

Introduction
Sepsis, severe sepsis, and septic shock is a life-threatening 
clinical disease that globally affects 27 million people each 
year. The incidence of sepsis is still increasing considering 
about 10%-30% of patients admitted to intensive care units 
(1). A key point in the treatment of this dangerous disease 
is the early identification and early treatment before the 
onset of symptoms such as hypotension (2,3).

Sepsis, as a systemic inflammatory response to severe 
infection, is one of the major causes of mortality in 
hospitalized patients. Sepsis, severe sepsis (a patient with 
sepsis with the hypoperfusion of end organs responding 
to normal saline administration), and septic shock (a 
condition of sepsis in which the patient has hypotension 
and requires vasopressor) may occur following infection. 
Two stages of severe sepsis and septic shock are the leading 
causes of mortality following sepsis (4-7).

The etiology of this disease includes the weakness of the 
immune system, nosocomial infections, bacteremia, age 
over 65 years, acquired pneumonia from the community 
and genetic factors, and the like (8,9). However, more 
research has recently focused on changes in serum 

selenium (Se) levels in immunocompromised patients 
(10-12). Recent studies have shown that the serum levels 
of this substance significantly reduce in critically ill 
patients, and the reduction of serum Se levels in patients 
with sepsis has been confirmed as well (13,14).

The prevalence of severe sepsis and septic shock has 
dramatically increased over the last 30 years, imposing 
high hospital costs. Its prevalence is reported to be 
between 10 and 27% in different countries  and has 
increased in recent decades (6,15,16). This complication 
has increased in the last decade and has led to an increase 
in-hospital death. Thus, the present study was conducted 
given the lack of knowledge on the exact role of Se in the 
development of this complication and different degrees of 
this complication. With the aim of investigating the serum 
level of Se in patients with sepsis in hospitals affiliated 
to Tabriz University of Medical Sciences, the results of 
this study can pave the way for various interventions to 
timely identify this complication and treatment methods 
to improve the condition of these patients while reducing 
hospital deaths.

Abstract
Objectives: Selenium (Se) is one of the elements of the body whose deficiency causes immune system weakness. Given that a weak 
immune system is one of the main causes of sepsis, in this study, it was decided to increase the serum Se level in sepsis patients in 
hospitals affiliated to Tabriz University of Medical Sciences.
Materials and Methods: In this cross-sectional descriptive study, 82 patients with sepsis (common, severe, and septic shock) were 
selected using a two-year census sampling ending on March 21, 2019 from Sina and Imam Reza hospitals in Tabriz. Data related 
to the etiology of the disease, underlying diseases, comorbidities, and inpatient testing were collected for each patient, and serum 
Se levels were assessed by atomic absorption spectroscopy. To analyze the data, chi-square, t test, and Mann-Whitney U tests were 
run using SPSS, version 20, and a P value less than 0.05 was considered statistically significant.
Results: The results of a review revealed that the history of underlying diseases [diabetes (P = 0.009), hypertension (P=0.019), 
and malignancies (P = 0.029)], comorbidities [pneumonia (P = 0.001), malignancy and chemotherapy (P = 0.012), and meningitis 
(P = 0.009)], and disease etiology [bacteremia of uncertain origin (P = 0.001), pneumonia (P = 0.001), urinary tract infection 
(P = 0.009), and skin infection (P = 0.005)] was significantly higher in patients with septic shock compared to those with sepsis and 
severe sepsis. On the other hand, the severity of the disease was significantly associated with a decrease in the serum Se level 
(P = 0.010).
Conclusions: In general, serum Se levels decrease with the increased severity of sepsis. Thus, measuring Se levels may be helpful 
in rejecting the progression of the disease.
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Materials and Methods
Study Design 
This cross-sectional descriptive study was conducted from 
March 21, 2018 until March 21, 2019 in Sina (Infectious 
disease ward) and Imam Reza (Infectious disease ward) 
Hospitals affiliated to Tabriz University of Medical 
Sciences. The minimum sample size was calculated based 
on the study by Keshtkari et al (17), and 45 individuals 
were considered for the study of sepsis in the adult 
Iranian population. Considering that the census sampling 
method was performed (throughout the study and in both 
hospitals) during one year, the sample size was increased 
to enhance the validity of the results. Finally, 82 sepsis 
patients admitted to the mentioned wards were included 
in this study. The inclusion criteria included having at 
least 18 years (Because factors affecting sepsis in adults 
differ from those in children) of age, sepsis, severe sepsis, 
and septic shock. On the other hand, the exclusion criteria 
were patients with previous sepsis, pre-hospitalization 
medication supplementation, and autoimmune diseases, 
and intravenous total parenteral nutrition. Patients were 
entered into the study after obtaining informed consent 
(18).

Clinical record data including age, gender, patient’s main 
complaint, type of underlying disease, current illness, and 
disease etiology were completed by an infectious disease 
assistant (a research team member) for each patient in the 
relevant tool (designed for research purposes). All patients 
were examined by two infectious disease specialists 
(faculty members), and the final diagnosis was confirmed 
by the two specialists. All patients also had routine tests 
for sepsis (the type of tests will be reported in the Result 
Section).

Selenium Measurement 
Blood tests were performed by a skilled nurse by taking 5 cc 
of blood from the available veins, and then blood samples 
were transferred to the respective hospital laboratory for 
relevant investigations. The tests were performed daily for 
each individual. The serum levels of Se were also measured 
after taking the blood sample and transferring it to the 
Chemistry Laboratory of Tabriz University of Chemistry 
using the spectrAA 220 VARIAN Se (#5610127000) 
method. In this method, which is known as Se atomic 
absorption spectroscopy, Se was extracted from the blood 
samples.  To measure the concentration of the extracted 
Se, an atomic absorption spectrophotometer was used 
with a stagnant graphite furnace with a ground absorber 
modifier. In this method, 20 μL of the sedimentary 
extraction phase of carbon tetrachloride was injected into 

the platform furnace by a sampler. The concentration 
of Se in the samples was calculated by comparing the 
signals from the absorption of Se atoms in the samples 
that were not added to the standard. Considering that Se 
compounds strongly evaporate inside the graphite kiln at 
different stages of drying and ash formation, a corrector 
was used to avoid this. Iridium 1000 ppm solution and the 
existing temperature program were used to modify (19).

The type of comorbidities and the confirmation of its 
etiology were performed by appropriate consultations with 
specialists in urology, orthopedics, neurology, cardiology, 
dermatology, internal medicine, gastrointestinal, lung 
diseases, and nephrology wards. Finally, the disease 
etiology was confirmed with the advice of the relevant 
consultant and the treating physician (infectious specialty).

Statistical Analysis 
The data were entered into SPSS 20 and were compared by 
chi-square, t test, and Mann-Whitney U tests at P<0.05.

Results
During the mentioned period, there were 94 patients in 
the mentioned hospitals, and by examining the criteria for 
entering and leaving the study, 12 people did not have the 
criteria for entering the study. The study began with 80 
patients and ended with 82 patients. Sample shedding in 
this study was zero (Figure 1). Of the 82 studied patients, 
32 (39.04%), 29 (35.36%), and 21 (25.60%) cases had 

 ► Hospital infections can be a risk factor for sepsis.
 ► Se deficiency can worsen the disease.
 ► Patients with septic shock have extremely low levels of Se.

Key Messages

Figure 1. Entry and Exit of Patients Participating in the Study. Note. TPN: Total 
parenteral nutrition.
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sepsis, severe sepsis, and septic shock, respectively. Based 
on demographic data the mean age (± standard deviation) 
of the participants was 38.14 (± 29.50) years (mean (SD) 
of the sepsis and severe sepsis groups was 49.55 ± 14.41 
and 50.88 ± 14.13, respectively). 

Based on the results, 44 (65.53%) participants were males 
including 13, 17, and 14 cases in the sepsis, severe sepsis, 
and septic shock groups, respectively. The comparison of 
the frequency of the main complaints in the three groups 
showed that fever, chills, weakness, and fatigue were the 
most common symptoms in both groups. No statistically 
significant difference was found between the three groups 
(the χ2 test) based on the comparison of patients’ main 
complaints (P > 0.05, Figure 2).

Laboratory findings and the comparison between 
the three groups indicated that mean arterial pressure 

(P = 0.003) and platelet (P = 0.031) levels were significantly 
higher in patients with septic shock compared to other 
patients (Table 1).

The comparison of underlying diseases in patients 
with sepsis demonstrated that diabetes (P = 0.009), 
hypertension (P = 0.019), and malignancies (P = 0.029) 
were significantly higher in patients with septic shock in 
comparison with the other two groups. On the other hand, 
the prevalence of comorbidities showed that pneumonia 
(P = 0.001), malignancy and chemotherapy (P = 0.012), 
and meningitis (P = 0.009) were significantly higher in 
patients with septic shock compared to the other two 
groups (Table 2).

Finally, examining the etiology of sepsis in patients 
participating in the study, it was revealed (Figure 3) 
that the frequencies of the bacteremia of unknown 

Figure 2. Comparison of the Frequency of the Major Complaints of Sepsis, Severe Sepsis, and Septic Shock Groups.

Table 1. Comparison of Laboratory Findings in Patients With Severe Sepsis and Septic Shock Groups

Related Experiment Sepsis Group (n=32) Severe Sepsis Group (n=29) Septic Shock Group (n=21) P Value

MAP (mm Hg) 99.15±75.13 115.42±86.10 159.85±79.19 0.003*

BT (degree) 37.67±01.10 37.91±01.10 38.21±01.15 0.203

PR (beats/minute) 98.79±20.15 99.90±20.04 100.03±21.12 0.119

RR (beats/minute) 25.91±08.30 26.85±08.09 26.98±08.33 0.510

WBC 15.19±02.53 15.08±02.92 16.14±03.00 0.119

PLT 195.59±15.46 226.70±19.60 259.19±21.21 0.031*

Procalcitonin 23.20±03.11 23.15±03.89 23.59±03.19 0.500

Cr 01.97±02.15 01.98±02.77 01.98±02.01 0.541

ALT 45.15±05.10 47.55±05.19 50.11±05.37 0.463

AST 50.18±06.15 51.70±06.36 53.93±05.14 0.346

ALK 271.15±83.19 275.42±85.19 276.15±86.19 0.473

CPK 51.15±08.15 53.65±08.87 55.60±08.56 0.293

LDH 478.15±60.36 482.42±59.54 490.15±60.16 0.207

Note. MAP: Mean arterial pressure; BT: Body temperature; PR: pulse rate; RR: Respiration rate; WBC: White blood cell; PLT: Platelet; Cr: Creatinine; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; ALK: Alkaline; CPK: Creatinine phosphokinase; LDH: Lactic dehydrogenase.
Applied test: t test; *Significant.
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origin (P = 0.001), pneumonia (P = 0.001), urinary tract 
infection (P = 0.009), and skin infection (P = 0.005) were 
significantly higher in the group of patients with septic 
shock compared to the group with severe sepsis (Mann-
Whitney test).

As regards the main part of the study comparing serum 
Se levels between the three groups, the results represented 
that serum Se levels significantly reduced following septic 
shock such that the serum levels of Se reduced by moving 
toward septic shock (Table 3).

Discussion
The aim of this study was to evaluate the serum Se level in 
sepsis patients admitted to Tabriz hospitals. The prevalence 
of bacteremia of unknown origin, pneumonia, urinary 
tract infection, and skin infection was significantly higher 

in the septic shock group compared to severe sepsis and 
sepsis groups. Regarding the origin of sepsis, Artero et al 
investigated the effects of bacterial  disease on hospitalized 
patients in the intensive care unit (20) and concluded that 
bacteremia can predispose patients to sepsis. As time goes 
on, the severity of sepsis increases, which is consistent 
with the results of the current study. The results of other 
studies (21-23) conducted in this area are consistent with 
those of our study. It is believed that other diseases and 
infections can predispose a patient to varying degrees of 
sepsis.

On the other hand, with regard to comorbidities, the 
results also revealed that the prevalence of pneumonia, 
malignancy, and chemotherapy and meningitis was 
significantly higher in patients with septic shock in 
comparison with those with severe sepsis and sepsis. In 

Table 2. Comparison of the Underlying Diseases of the Study Participants

The Main Complaint of the Patient Sepsis Group (n=32) Severe Sepsis Group (n=29) Septic Shock Group (n=21) P Value

Underlying disease

Diabetes, No. (%) 14%-35.89 10%-34.48 13%-61.90 0.009*

Cancer, No. (%) 14%-35.89 10%-34.48 10%-47.61 0.019*

Hypertension, No. (%) 10%-25.64 7%-24.13 8%-38.09 0.029*

Ischemic heart disease, No. (%) 8%-20.51 5%-17.24 3%-14.28 0.115

Thyroid disease, No. (%) 5%-12.82 3%-10.33 2%-09.52 0.419

Convulsion, No. (%) 3%-07.69 2%-06.89 1%-04.16 0.213

ESRD, No. (%) 2%-05.12 2%-06.89 1%-04.16 0.213

Cirrhosis, No. (%) 2%-05.12 1%-03.44 0%-00.00 0.501

Pneumonia, No. (%) 10%-25.64 10%-34.48 15%-71.42 0.001*

Cancer and chemotherapy, No. (%) 9%-23.07 10%-34.48 10%-47.61 0.012*

Meningitis, No. (%) 8%-20.51 7%-24.13 9%-42.85 0.009*

Pyelonephritis, No. (%) 8%-20.51 7%-24.13 5%-23.80 0.112

Cellulitis, No. (%) 6%15.38 5%-17.24 3%-14.28 0.256

Osteomyelitis, No. (%) 5%-12.82 4%-13.79 3%-14.28 0.231

Gastroenteritis, No. (%) 5%-12.82 4%-13.79 2%-09.52 0.119

Note. ESRD: End-stage renal disease.
Applied test: χ2 test; *Significant.
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this regard, our findings corroborate with the results of 
the latest articles of other researchers (24-26). In this 
context, it is indicated that contracting these diseases 
leads to a person prone to septic shock, and the patient’s 
involvement in these diseases can lead the patient to 
dangerous stages. Therefore, identifying patients with 
such diseases can be helpful in predicting the worsening 
of the disease for physicians, and physicians should pay 
attention to this issue.

Concerning serum Se levels, it was found that as the 
amount of this substance decreased, the disease worsened 
such that in patients with septic shock, serum Se levels 
reduced by 30% compared to those with sepsis. In this 
respect, the results of our study are in conformity with 
those of other studies (27,28). It can be mentioned that 
in severe inflammatory conditions such as sepsis (with 
all degrees), the antioxidant system of the body weakens, 
which can lead to severe oxidative conditions, and the 
disease condition worsens in case of reduced intake of 
antioxidants such as Se. Moreover, the results of using Se-
containing supplements have shown that sepsis patients 
show improved recovery after Se supplementation. 
This finding is in line with our theory that low Se levels 
deteriorate the disease.

These differences in disease etiology and comorbidities 
in the three groups of sepsis, severe sepsis, and septic 
shock seemed to act as predictors of disease deterioration. 
In other words, by identifying the origin and associated 
diseases in individuals, it can be determined that a person 
will develop septic shock from severe sepsis and sepsis, 
and thus it can be effective in the survival of patients. 
In another similar study conducted (29) examining 
the administration of high levels of Se in patients with 
septic shock, it was found that the administration of this 
substance did not reduce the high mortality rate of the 
disease. The accompanying ones also had no effect in this 
regard. The results of their study contradict those of our 
study.

Based on the results of our study, patients with more Se 
deficiency were significantly more likely to develop other 
diseases, meaning that lower Se levels of patients increase 
the risk of further illness. It worsens the condition of 
sepsis in addition to lowering the level of this substance 
and increases complications. In this regard, our results are 
in line with the findings of Brodska et al (30), representing 
that Se was directly linked to inflammatory responses and 
disease and lower levels of the substance in the body led to 
higher levels of mortality and morbidity.

The findings of the current study also demonstrated 
that low levels of Se in the blood were associated with a 

variety of infections and diseases. In other words, it was 
found that low levels of Se made a person more susceptible 
to other diseases. The results of the study by Chelkeba et 
al (31), which was conducted with the same purpose as 
our study, are similar to those of our study. In their study 
of clinical trials, they found that high doses of Se could 
reduce the risk of infections in ICU patients. It seems 
that this substance has a protective and preventive role in 
various diseases and its deficiency aggravates the disease.

Suggestions for Further Research
The researchers recommend further studies with larger 
sample sizes and drug interventions such as the use of 
Se-containing medication supplements for patients with 
septic shock to prevent mortality. We also recommend 
that Se and other salts be measured for at-risk patients 
for sepsis in the first few days of hospitalization, and that 
courses be provided for infectious disease physicians 
regarding the role of mineral salts in septic shock.

Study Limitations 
The small sample size, the effects of drug therapy on the 
disease process, and the lack of attention to the type of 
treatment and microbial resistance in individuals are 
the limitations and weaknesses of the present study. 
Additionally, other weaknesses of our study included the 
lack of examining the family history, the role of heredity 
in patients participating in the study, and the records of 
previous diseases in these patients.

Conclusions
Septic shock is a dangerous stage of sepsis and can cause 
death. Therefore, early detection and diagnosis, as well as 
early treatment can greatly reduce mortality. Considering 
the disease etiology and comorbidities in sepsis patients 
can help predict the progression of the disease. In this  
cross-sectional study, there was a decrease in Se levels as 
the disease progressed, which could be considered as a 
treatment plan. The results of this study can be used for 
patients who are hospitalized in the ICU so that the level of 
Se is measured at the beginning of admission to the ward, 
and supplements containing Se should be prescribed in 
the case of the deficiency of this substance in the body.
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Table 3. Comparison of Serum Selenium Levels in the Study Groups

Variable Sepsis Group (n=32) Severe Sepsis Group (n=29) Septic Shock Group (n=21) P Value

Selenium 50.87 ± 23.38 43.35 ± 19.50 34.80±13.58 0.010*

Note. Applied test: t test; *Significant.
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