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Abstract. Septic encephalopathy (SE) is a diffuse cerebral 
dysfunction resulting from a systemic inflammatory response, 
and is associated with an increased risk of mortality. The patho-
genesis of SE is complex and multifactorial, but unregulated 
immune imbalance may be an important factor. The current 
retrospective study examined the clinical data of 86 patients 
with severe sepsis who were admitted to the Intensive Care Unit 
at Zhongshan Hospital, Xiamen University (Xiamen, China) 
from January, 2014 to January, 2015. The patients were assigned 
to SE and non‑SE patient groups according to the presence or 
absence of SE. The proportion of T‑lymphocyte subsets and 
natural killer (NK) cells in the immune cell population, repre-
senting the function of the immune system, were analyzed for 
their association with SE and compared with other clinical 
predictors and biomarkers. The incidence of SE in the patients 
was 39.5%, and this group demonstrated higher mortality rates 
(38 vs. 10% in non‑SE patients; P=0.001). Univariate analysis 
revealed that the SE patients reported a lower percentage 
of cluster of differentiation  4+(CD4+)  T‑lymphocytes 

(51.67±7.12  vs.  60.72±3.70% in non‑SE patients; P<0.01), 
a lower CD4+/cluster of differentiation  8+(CD8+) ratio 
(1.59±0.32 vs. 1.85±0.26% in non‑SE patients; P<0.01) and a 
higher percentage of NK cells (11.80±1.44 vs. 9.19±2.36% in 
non‑SE patients; P<0.01). Using a binary logistic regression 
model, the Acute Physiology and Chronic Health Evaluation II 
score and the percentage of CD4+ T‑lymphocytes were demon-
strated to be independently associated with SE (respectively, 
P=0.012 and OR, 4.763; P=0.005 and OR, 0.810). An area under 
the curve analysis of a receiver operating characteristic curve 
of the two indicators revealed that these were equally powerful 
measures in prediction of SE (Z=1.247, P>0.05). The present 
results confirm that SE leads to higher mortality in patients 
with severe sepsis, and demonstrate that immune imbalance is 
important in the development of SE. The proportion of CD4+ 
T‑lymphocytes present were revealed in the current study to be 
a powerful predictor of SE in patients with severe sepsis.

Introduction

Septic encephalopathy (SE), defined as altered mental status 
and presenting with behavioral or cognitive abnormalities, 
is one of the most common complications in septic patients 
and is likely to be under‑diagnosed (1). SE is associated with 
a higher mortality rate and is also a reliable indicator of a 
poor clinical outcome (2,3). Numerous animal and human 
studies have been performed to elucidate the etiology of 
SE (4‑6) but, at present, the pathogenesis of SE is unknown. 
However, several potential mechanisms have been investi-
gated, such as alterations to the blood‑brain barrier (BBB), 
reduction in cerebral blood flow, the inflammatory response 
and activation of microglia and astrocytes and amino acid 
imbalance (7‑10). The impact of an increased inflammatory 
response on the central nervous system (CNS) has been a key 
focus of investigation during the last two decades. Excessive 
inflammation, often termed a ‘cytokine storm’, characterizes 
early sepsis (11‑14). As sepsis progresses, patients frequently 
develop multiple organ dysfunction and nosocomial infections 
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by opportunistic pathogens (15‑17) and the nervous system 
is particularly vulnerable to damage in response to systemic 
inflammation. Previous studies (11‑13) suggest that patients 
with sepsis present with an immune factor imbalance, and 
there is a clear connection between immune imbalance and 
the occurrence of SE. Extensive previous evidence indicates 
that anti‑inflammatory action in the brain and the resolution 
of neuroinflammation requires balance between the various 
branches of the immune system (18‑20). An imbalance within 
the immune system and the systemic inflammation that results 
may promote CNS damage. The present retrospective study 
aimed to investigate the role of immune imbalance in SE, in 
addition to its effect on prognosis, using clinical data from 
patients with severe sepsis.

Subjects and methods

Ethics statement. The present study was approved by the 
Medical Ethics Committee of Zhongshan Hospital at Xiamen 
University (Xiamen, China). The present study did not 
increase the patient's medical expenses or pain and all research 
materials and results were used for research purposes. The 
requirement for informed consent was waived by the Medical 
Ethics Committee as the present study was an observational, 
respective study using a database from which the patients' 
identifying information had been removed.

Subjects. Severe sepsis was defined as sepsis combined 
with sepsis‑induced organ dysfunction or tissue hypoperfu-
sion, in accordance with criteria set out during the 2001 
SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definition 
Conference  (21). Symptoms of SE include somnolence, 
stupor, coma, confusion, disorientation, agitation, irritability 
and a decreased score on the Glasgow Coma Scale. SE was 
defined as an altered mental status with behavioral or cogni-
tive abnormalities, but there is no current unified standard for 
SE diagnoses (22,23). Patients suffering from the following 
underlying conditions that may affect brain and CNS func-
tion and symptomatic diagnosis were excluded: i) Intracranial 
organic diseases; ii) severe nutritional deficiency; iii) hypo-
glycemia; iv) hypernatremia; v) hepatic encephalopathy; and 
vi) a history of exposure to drugs, toxic substances, alcohol, 
industrial agents, heavy metals or any substance established to 
cause altered consciousness.

In the present study, 127 patients demonstrating severe 
sepsis were admitted to the Intensive Care Unit of Zhongshan 
Hospital at Xiamen University between January 2014 and 
January 2015. Of these patients, 41 patients were excluded due 
to the aforementioned exclusion criteria, predominantly linked 
to exposure to sedative drugs or intracranial organic disease, 
thus 86 patients were analyzed in the current study. In total, 
57 men and 29 women were included, with an average age of 
58.7 years. During their hospital stay, 34 patients developed SE 
although 52 patients did not, and patients were subsequently 
assigned to the SE and non‑SE groups. Eighteen patients across 
the two groups succumbed to the disease during the 28‑day 
study, representing a frequency of 20.93% (18/86 patients).

Treatment. The patients were treated with a standardized 
therapy based on the Severe Sepsis Campaign sepsis treatment 

guidelines  (24). This therapy involved fluid resuscitation, 
antibiotic therapy, identification and control of infected tissue, 
mechanical ventilation, renal replacement, glucose control 
and supportive treatments, such as vasoactive drugs and 
steroid therapies.

Data collection. The medical record for each patient was 
reviewed. Patient demographics, mean arterial pressure, heart 
rate, duration of ventilator treatment, Acute Physiology and 
Chronic Health Evaluation (APACHE) II score, Sequential 
Organ Failure Assessment (SOFA) score and outcome were 
recorded. APACHE II score and SOFA score at the time of 
admission to the Intensive Care Unit were also calculated.

Blood samples were obtained for routine examination of 
metrics, including liver and kidney function, such as alanine 
aminotransferase (ALT), bilirubin, activated partial throm-
boplastin time and serum creatinine levels; blood glucose; 
6‑h lactate clearance; B‑type natriuretic peptide; blood gas 
analysis, including reporting of pH, arterial partial pressure of 
oxygen, arterial partial pressure of carbon dioxide and bicar-
bonate; brain injury markers, including levels of neuron specific 
enolase (NSE) and S‑100β protein; and immune parameters, 
including white blood cell count, C‑reactive protein, procal-
citonin and the percentages of cluster of differentiation 4+ 

(CD4+) and cluster of differentiation 8+ (CD8+) T‑lymphocytes 
and natural killer (NK) cells present. Flow cytometery (Elite 
XL4; Beckman Coulter, Inc., Brea, CA, USA ) was used to 
detect the proportion of CD4+ and CD8+ T‑lymphocytes, to 
calculate the CD4+/CD8+ ratio. Samples were collected in a 
test tube at 4˚C containing tripotassium hydrogen ethylenedi-
aminetetraacetate and analyzed within 30 min of collection.

The specimens were collected from the sputum in the 
lower respiratory tract using fiberbronchoscopy (Olympus BF 
P‑30; Olympus Corporation, Tokyo, Japan), from wound excre-
tions, from urine and from blood for cultivation and diagnosis 
of pathogenic bacteria in a 37˚C incubator.

Statistical analysis. Statistical analysis was conducted using 
SPSS v.  19.0 software (IBM SPSS, Armonk, NY, USA). 
Measurement data were expressed as mean ± SD and compared 
using independent t‑tests. Enumeration data were compared 
using a χ2 test or with Fisher's exact test, as appropriate. For 
detection of correlation, Pearson's correlation analysis was 
performed. P<0.05 was considered to indicate a statistically 
significant difference. Statistically significant variables were 
subsequently analyzed using a binary logistic regression to 
identify the risk factors associated with SE. Only variables 
markedly associated with SE (P<0.05) were included in the 
final model. Receiver operating characteristic (ROC) curves 
and the area under the curves (AUCs) were examined in 
significant variables associated with SE, to determine a cut‑off 
level and to predict mortality.

Results

Baseline data of the patients. During the period of the 
present study, 127 patients with severe sepsis were initially 
admitted, 86 of whom were included in the study. Patient 
characteristics of the two groups are provided in Table I. 
No significant differences were identified between the 
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Table II. Sources of infection in the SE and non‑SE groups, expressed as n (%).

Sources of infection	 SE group (n=34)	 Non‑SE group (n=52)	 P‑value

Organ system infected
  Respiratory system	 10 (29)	 17 (33)	 0.75
  Digestive system	 12 (35)	 20 (39)	 0.77
  Urinary system	 6 (18)	 8 (15)	 0.78
  Skin and soft tissue	 4 (12)	 5 (10)	 0.74
  Other	 2 (6)	 2 (4)	 0.65
Concurrent bacteremia episodes	 6 (18)	 9 (17)	 0.97

Causative pathogens			 
  Gram‑positive	 15 (44)	 25 (48)	 0.72
    Staphylococcus aureus	 8 (23)	 11 (21)	 0.80
    Streptococcus pneumonia	 1 (3)	 4 (8)	 0.64
    Enterococcus faecium	 5 (15)	 6 (12)	 0.75
    Enterococcus faecalis	 1 (3)	 4 (8)	 0.64
  Gram‑negative	 24 (71)	 39 (75)	 0.65
    Acinetobacterbaum anni	 7 (21)	 13 (25)	 0.64
    Pseudomonas aeruginosa	 5 (15)	 10 (19)	 0.59
    Escherichia coli	 4 (12)	 8 (15)	 0.76
    Klebsiella pneumoniae	 4 (11.8)	 5 (9.6)	 0.74
    Proteus mirabilis	 2 (5.9)	 2 (3.8)	 0.65
    Entembacter cloacae	 2 (5.9)	 1 (1.9)	 0.56
  Epiphyte	 4 (11.8)	 5 (9.6)	 0.74

Data were analyzed by a χ2 test or Fisher's exact test when theoretical frequency<5. SE, septic encephalopathy.
 

Table I. Baseline characteristics of the SE and non‑SE groups.

Characteristics	 SE group (n=34)	 Non‑SE group (n=52)	 P‑value

Age in years, mean ± SD	 59.15±8.80	 58.39±8.14	 0.69
Male/female, n	 24/10	 33/19	 0.49
Underlying diseases, n (%)			 
  Chronic lung disease	 9 (26)	 11 (21)	 0.57
  Hypertension	 8 (24)	 16 (31)	 0.46
  Hyperlipidemia	 10 (29)	 17 (68)	 0.75
  Coronary artery disease	 4 (12)	 8 (15)	 0.76
  Chronic liver disease	 3 (9)	 9 (17)	 0.35
  Chronic renal disease	 2 (6)	 2 (4)	 0.65
  Diabetes mellitus	 11 (32)	 19 (37)	 0.69
Clinical presentation, mean ± SD			 
  Mean arterial pressure, mmHg	 78.52±7.15	 79.23±5.93	 0.62
  Heart rate, beats/min	 104.71±15.79	 109.21±15.03	 0.19
  Ventilator treatment duration, days	 13.12±3.89	 8.28±3.32	 <0.01a

  28‑day mortality, n (% of cases)	 13 (38)	 5 (10)	 0.001a

Disease severity index, mean ± SD			 
  APACHE II score	 21.74±2.96	 16.25±2.62	 <0.01a

  SOFA score	 8.21±1.45	 5.38±1.84	 <0.01a

Data presented as n (%) were analyzed by a χ2 test or Fisher's exact test when theoretical frequency <5. aP<0.05, SE  vs.  non‑SE group. 
SE, septic encephalopathy; SD, standard deviation; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ 
Failure Assessment.
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groups in age, gender, underlying diseases, mean arte-
rial pressure or heart rate (P>0.05). However, duration of 
ventilator treatment and 28‑day mortality were significantly 
higher in the SE group compared to the non‑SE group 
(13.12±3.89 vs.  8.28±3.32 days, P<0.01; and 38 vs.  10%, 
P=0.001, respectively). With regard to the disease severity 
index, the SE group had higher APACHE II and SOFA scores 
than the non‑SE group (21.74±2.96 vs. 16.25±2.62, P<0.01; 
and 8.21±1.45 vs. 5.38±1.84, P<0.01, respectively), indicating 
a greater degree of organ dysfunction.

Table II reports the sources of infection and the causative 
microorganisms in the two groups of patients. No significant 
difference was identified in the infection source between the 

groups: the SE group did not report significantly different 
numbers of patients with gram‑positive cocci, gram‑negative 
bacilli or epiphyte infection compared with the non‑SE 
group, nor any different frequency of each microorganism 
(P>0.05).

Laboratory data are shown in Table  III. A significant 
increase in the serum levels of ALT and S‑100β protein in the 
SE group compared to the non‑SE group was revealed using 
independent t‑tests (156.79±33.57 vs. 98.69±38.12 U/l, P<0.01; 
and 1.21±0.15 vs. 0.98±0.20 µg/l, P<0.01, respectively), using 
the Karman‑Worblewski method (25). In regard to inflam-
matory markers and immune parameters, the percentage 
of CD4+  T  lymphocytes and the CD4+/CD8+ ratio were 

Table III. Laboratory data of the SE and non‑SE groups, presented as mean ± SD.

Laboratory variable	 SE group (n=34)	 Non‑SE group (n=53)	 P‑value

Biochemistry			 
  Glucose, mmol/l	 9.63±3.21	 9.20±2.94	 0.52
  ALT, U/l	 156.79±33.57	 98.69±38.12	 <0.01a

  Creatinine, mmol/l	 86.49±24.62	 79.28±22.04	 0.16
  6 h lactate clearance, %	 16.71±7.73	 18.15±8.08	 0.41
  Total bilirubin, mmol/l	 13.28±4.94	 12.80±4.52	 0.64
  BNP, pg/ml	 1224.20±586.99	 1042.89±507.23	 0.13
  PaO2, mmHg	 77.20±17.92	 81.19±20.91	 0.36
  APTT, sec	 38.56±6.87	 40.08±7.59	 0.36
  NSE, µg/l	 10.02±1.48	 9.86±0.91	 0.58
  S‑100β, µg/l	 1.21±0.15	 0.98±0.20	 <0.01a

Inflammatory markers			 
  WBC, n x109/l	 15.89±6.51	 16.39±7.24	 0.75
  CRP, mg/l	 230.99±67.59	 205.99±102.81	 0.18
  PCT, ng/ml	 10.69±5.41	 9.97±4.94	 0.53
  CD4+, % of total cells	 51.67±7.12	 60.72±3.70	 <0.01a

  CD8+, % of total cells	 32.92±2.48	 33.26±2.71	 0.56
  CD4+/CD8+	 1.59±0.32	 1.85±0.26	 <0.01a

  NK, % of total cells	 11.80±1.44	 9.19±2.36	 <0.01a

SE, septic encephalopathy; SD, standard deviation; ALT, alanine aminotransferase; BNP, B‑type natriuretic peptide; PaO2, arterial partial 
pressure of oxygen; APTT, activated partial thromboplastin time; NSE, neuron‑specific enolase; WBC, white blood cells; CRP, C‑reactive 
protein; PCT, procalcitonin; CD4+, cluster differentiation 4+ T helper cells; CD8+, cluster differentiation 8+ T helper cells; NK, natural killer 
cells. aP<0.05, SE vs. non‑SE group.
 

Table IV. Correlation between immune parameters and sepsis severity.

	 APACHE II	 SOFA 
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑  --‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Immune parameter	 r	 P‑value	 R2	 95% CI	 r	 P‑value	 R2	 95% CI

CD4+	‑ 0.854	 <0.01	 0.729	‑ 0.905 to ‑0.787	‑ 0.878	 <0.01	 0.771	‑ 0.914 to ‑0.827
CD4+/CD8+	‑ 0.824	 <0.01	 0.679	‑ 0.883 to ‑0.741	‑ 0.853	 <0.01	 0.728	‑ 0.909 to ‑0.783
NK	 0.816	 <0.01	 0.666	 0.756 to 0.869	 0.871	 <0.01	 0.759	 0.803 to 0.920

APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment; r, correlation coefficient;  
R2,  coefficient of determination; CI, confidence interval; CD4+, cluster differentiation  4+ T  helper cells; CD8+, cluster differentiation  8+ 
T‑helper cells; NK, natural killer cells.
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significantly lower in the SE group (51.67±7.12 vs. 60.72±3.70% 
in the non‑SE group, P<0.01; and 1.59±0.32 vs. 1.85±0.26 in 
the non‑SE group, P<0.01, respectively), while the percentage 
of NK cells was significantly higher in the SE group compared 
to the non‑SE group (11.80±1.44 vs. 9.19±2.36%, P<0.01). No 
significant differences were identified in the other laboratory 
variables examined (P>0.05).

Correlation between immune parameters and disease severity. 
The percentage of CD4+ T lymphocytes, the CD4+/CD8+ ratio 
and the percentage of NK cells were significantly different 
between the SE and non‑SE groups (Table III). Thus, addi-
tional correlation analysis between these immune parameters 
and disease severity was conducted. Based on the results 
of Pearson's correlation analysis (Tables  IV  and  V), the 
percentage of CD4+ T‑lymphocytes, the CD4+/CD8+ ratio and 
the percentage of NK cells demonstrated a marked correlation 
with APACHE II scores (r=‑0.854, ‑0.824 and 0.816, respec-
tively; P<0.01), SOFA scores (r=‑0.878, ‑ 0.853 and 0.871, 
respectively; P<0.01), NSE levels (r=‑0.738, ‑0.872 and 0.683, 
respectively; P<0.01) and S‑100β protein levels (r=‑0.696, 

‑0.719  and  0.795, respectively; P<0.01). These analyses 
revealed that the percentage of CD4+ T lymphocytes and NK 
cells and the CD4+/CD8+ ratio were correlated with sepsis and 
brain injury severity. The results of the present analyses also 
indicated that the most marked correlation in sepsis severity 
was between the percentage of CD4+ T lymphocytes and SOFA 
score (R2=0.771) and, in brain injury severity, was between the 
CD4+/CD8+ ratio and NSE levels (R2=0.760).

Prediction of SE. APACHE II and SOFA scores, serum ALT 
and S‑100β protein levels, the percentage of CD4+ T lympho-
cytes and NK cells and the CD4+/CD8+ ratio were significantly 
different between the two groups and may be used as predic-
tive factors. However, subsequent to use of a binary logistic 

Figure 1. Comparison receiver operating characteristic curve of CD4+ with 
APACHE II score for predicting septic encephalopathy. APACHE, Acute 
Physiology and Chronic Health Evaluation; CD4+, cluster differentiation 4+ 

T‑helper cells.

Table V. Correlation between immune parameters and brain injury severity.

	 NSE	 S‑100β
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ --‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Immune parameter	 r	 P‑value	 R2	 95% CI	 r	 P‑value	 R2	 95% CI

CD4+	‑ 0.738	 <0.01	 0.545	‑ 0.828 to ‑0.613	‑ 0.696	 <0.01	 0.484	‑ 0.863 to ‑0.457
CD4+/CD8+	‑ 0.872	 <0.01	 0.760	‑ 0.919 to ‑0.811	‑ 0.719	 <0.01	 0.517	‑ 0.886 to ‑0.484
NK	 0.683	 <0.01	 0.466	 0.555 to 0.778	 0.795	 <0.01	 0.632	 0.607 to 0.930

NSE, neuron specific enolase; r, correlation coefficient; R2, coefficient of determination; CI, confidence interval; CD4+, cluster differentia-
tion 4+ T helper cells; CD8+, cluster differentiation 8+ T‑helper cells; NK, natural killer cells.
 

Table VI. Logistic regression analysis of risk factors of septic encephalopathy.

Risk factor	 B	 SE	 Wald	 P‑value	 OR	 95% CI

APACHE II	 1.561	 0.625	 6.244	 0.012	 4.763	 1.400‑16.202
CD4+	‑ 0.211	 0.076	 7.731	 0.005	 0.810	 0.698‑0.940

B, partial regression coefficient; SE, standard error; OR, odds ratio; CI, confidence interval; APACHE, Acute Physiology and Chronic Health 
Evaluation; CD4+, cluster differentiation 4+ T‑helper cells.
 

Table VII. Receiver operating characteristic curve analysis of 
independent risk factors in diagnosing septic encephalopathy.

Risk factor	 AUC	 SE	 95% CI	 P‑value

APACHE II	 0.919	 0.028	 0.864‑0.973	 <0.001
CD4+	 0.855	 0.043	 0.771‑0.939	 <0.001

AUC, area under the curve; SE, standard error; CI, confidence 
interval; APACHE, Acute Physiology and Chronic Health Evaluation; 
CD4+, cluster differentiation 4+ T‑helper cells.
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regression analysis (using the forward conditional method), 
performed with ‘SE presence or absence’ as a dependent vari-
able and all the predictors as independent variables, only the 
APACHE II score and the percentage of CD4+ T‑lymphocytes 
(P=0.012 and OR, 4.763; P=0.005 and OR, 0.810, respectively) 
entered the final equation, demonstrating that they were inde-
pendently associated with SE (Table VI).

The effectiveness of these variables in predicting SE was 
evaluated by assessing the AUC of each ROC curve (Table VII; 
Fig. 1). The AUCs for the percentage of CD4+ T lymphocytes 
and APACHE II score were 0.919 and 0.855, respectively 
(P<0.001), reflecting good discrimination. A Z‑test was subse-
quently used to compare the predictive ability of these variables, 
identifying no significant difference between the AUCs of the 
percentage of CD4+ T lymphocytes and APACHE II score 
(Z=1.247, P=0.212), revealing that these were equally powerful 
measures in the prediction of SE (P>0.05). Based on the ROC 
curve and the maximum Youden's index, the most appropriate 
cut‑off value was selected. With regard to the percentage of 
CD4+ T lymphocytes, the most appropriate cut‑off value for 
predicting SE was 55.655%, corresponding to the sensitivity 
and specificity values of 67.6 and 90.4%, respectively. With 
regard to APACHE II score, the most appropriate cut‑off value 
for predicting SE was 18.500, corresponding to the sensi-
tivity and specificity values of 88.2 and 75.0%, respectively 
(Table VIII).

Discussion

SE is an acute neurological dysfunction that results from sepsis 
and is associated with high morbidity and mortality. During 
sepsis, the brain is vulnerable, and encephalopathy frequently 
results but is not commonly identified (26,27). According to 
previous studies, the incidence of SE following severe sepsis 
varies from 9‑71% with a mortality frequency of ~50% (2,28), 
dependent on the method used to grade altered mental 
status (3,29). In the present study, SE resulted in 40% of severe 
sepsis cases, with a mortality of 38%. Although the incidence 
and mortality are inconsistent across studies, the brain is sensi-
tive to sepsis, and SE often has severe consequences (2,28). SE 
should therefore be recognized as an indicator of poor prognosis 
in patients with sepsis, inducing prompt and aggressive therapy.

APACHE II and SOFA scores have been applied to critically 
ill patients to evaluate the severity of SE and clinical outcomes. 
Previous findings have shown that the severity of encephalopathy 
was associated with the global severity of disease, as assessed 
by APACHE II score or SOFA, and mortality rates (1,2). In 
the present study, the mortality of septic patients significantly 
increased with increased APACHE II and SOFA scores, which 

is consistent with previous reports (30), supporting an asso-
ciation of SE with an increased mortality risk in patients with 
severe sepsis.

The present study indicated that patients with SE required 
a greater duration of ventilator treatment, revealing more 
severe respiratory failure. In clinical practice, patients with 
disturbance of consciousness are prone to respiratory failure 
due to an inability to protect the airway and respiratory drive. 
During a period of hypoxemia that occurs prior to respiratory 
failure, a greater degree of brain injury may be generated. The 
present analyses demonstrated a significantly increased level 
of ALT in patients with SE. Sepsis is often associated with 
multiple organ failure and numerous abnormal biochemical 
indicators, which indicates there may be a complex inherent 
association between individual organ failure and an amplifica-
tion process that hastens injury to other organs. This could be 
seen to explain the increased mortality in the SE group.

The pathophysiology of SE is complex, and may include 
activation of the inflammatory response, microglia and 
astrocytes, alteration in the BBB, amino acid disruption, 
brain hypoperfusion/ischemia and translocation of neurotoxic 
molecules (7‑10). An upregulated inflammatory response is 
recognized as an integral contributor to SE. Previous studies 
have comprehensively investigated the effect of infection on 
CNS. However, the severity of SE is reportedly not associ-
ated with infection by specific microorganisms, nor groups 
thereof (31). Furthermore, inflammatory mediators, including 
interleukin‑1 and tumor necrosis factor‑α and oxidative stress 
have a critical role in the abnormal neurotransmitter composi-
tion and impaired neuronal and microglia function (32‑34). 
Reduced hepatic clearance and increased neurotoxic amino 
acids in sepsis associated with muscle proteolysis also 
contribute to the development of brain dysfunction (35,36). 
The S‑100β protein has been previously employed as an indi-
cator of astrocyte activation and injury, and as a marker for 
brain injury in SE (37,38); however, not all studies concur with 
this finding (39,40). In the present study, S‑100β protein was 
significantly higher in SE patients, but regression analysis indi-
cated that this is not the most reliable indicator for predicting 
SE, a finding that was consistent with previously conflicting 
findings (37‑40). Additional evaluation of the direct effect 
of brain injury to SE is required to clarify the most effective 
markers.

Lipopolysaccharide stimulation has previously been 
reported to induce the release of proinflammatory and 
anti‑inflammatory cytokines, in addition to their recep-
tors, from a number of nervous system‑associated cells, 
including neurones, astrocytes and microglia (41,42). This 
coexpression of proinflammatory and anti‑inflammatory 

Table VIII. Prediction of septic encephalopathy.

Risk factor	 Maximum Youden's index	 Best cut‑off value	 Sensitivity (%)	 Specificity (%)

APACHE II	 1.632	 18.500	 88.2	 75.0
CD4+	 1.580	 55.655	 67.6	 90.4

APACHE, Acute Physiology and Chronic Health Evaluation; CD4+, cluster differentiation 4+ T‑helper cells.
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cytokines indicates that the immune system is highly regu-
lated within the brain. Concordantly, in sepsis survivors, the 
initial proinflammatory burst often develops into immune 
suppression, characterized by T‑cell dysfunction and adap-
tive immune suppression accompanied by innate immune 
system activation (43‑45) This immune imbalance develops 
throughout sepsis and study in this area has made signifi-
cant progress (46). Reduction in the number of circulating 
CD4+ T lymphocytes and their shift to a Th2 phenotype are 
indicative of aspects of sepsis‑induced adaptive immuno-
suppression (47). The association between clinical course 
of contradiction and poor prognosis of patients with sepsis 
and the decline of peripheral blood CD4+ T lymphocytes has 
been established in a majority of patients with sepsis (48,49). 
Furthermore, NK cells, a type of cytotoxic lymphocyte, 
are likely to be involved in the antibacterial response of 
the innate immune system due to their ability to recognize 
pathogen‑associated molecular patterns (50,51). Findings of 
a previous study have shown that patients with the highest 
NK cell number have the lowest probability of survival (52). 
In the present study, the percentage of CD4+ T lymphocytes 
and the CD4+/CD8+ ratio were significantly lower and the 
percentage of NK cells was significantly higher in the SE 
group than in the non‑SE group, suggesting adaptive immune 
suppression and innate immune activation of patients. The 
present results are comparable with previous studies and 
indicate a highly significant functional imbalance of immune 
cells in patients with SE, which may be crucial in the devel-
opment of encephalopathy.

CD4+  T  lymphocytes are particularly vulnerable to 
apoptotic death in polymicrobial sepsis models, according 
to previous studies  (43,53). In addition, the response of 
T  lymphocytes to continuously elevated serum levels of 
anti‑inflammatory cytokines was an improved predictor 
of mortality than proinflammatory cytokines in patients 
with severe sepsis  (54), which are typically used. In the 
current study, only the percentage of CD4+ T lymphocytes 
and APACHE  II score were determined to be similarly 
accurate predictors of clinical outcome, based on the regres-
sion analysis, when compared with the CD4+/CD8+ ratio 
and percentage of NK cells. These results indicate that the 
percentage of CD4+ T lymphocytes is a promising biomarker 
in predicting SE occurrence among patients with severe sepsis. 
The recirculation of CD4+ T lymphocytes may be responsible 
for the percentage of CD4+ T lymphocytes decreasing in the 
peripheral blood of patients with sepsis. This recirculation 
may be associated with the generation of stress hormones, 
cytokines and other humoral factors, including prosta-
glandin E2‑α, cortisol and interleukin‑10 (55,56), which is 
supported by previous studies revealing a rapid decrease in 
circulating CD4+ T lymphocytes following the experimental 
administration of endotoxin and an observed increase in the 
concentration of these cells in the thoracic ducts of patients 
with systemic inflammatory response syndrome (57,58).

The present study provides novel insights into the role of 
CD4+ T lymphocytes during SE, but has several limitations. 
Poor nutritional status was typical and varied among patients 
with severe sepsis. Malnutrition has marked consequences on 
the immune response that may affect results. Furthermore, 
the diagnosis of SE may have been affected by a negative 

mood in patients. In conclusion, the present study provides 
a unique insight into the status of the immune system in SE. 
SE leads to higher mortality rates in patients with severe 
sepsis, and immune imbalance has an important role in this 
increase in mortality rates. The current study indicates that 
the proportion of CD4+ T lymphocytes present in the blood 
of patients with severe sepsis is a powerful predictor of SE. 
However, additional investigation is required to elucidate the 
pathogenesis of SE.
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