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Abstract
Background There are few thorough studies assessing predictors of severe encephalitis, despite the poor prognosis 
and high mortality associated with severe encephalitis. The study aims to evaluate the clinical predictors of mortality 
and poor outcomes at hospital discharge in patients with severe infectious encephalitis in intensive care units.

Method In two Chinese hospitals, a retrospective cohort study comprising 209 patients in intensive care units 
suffering from severe infectious encephalitis was carried out. Univariate and multivariate logistic regression analyses 
were used to identify the factors predicting mortality in all patients and poor outcomes in all survivors with severe 
infectious encephalitis.

Results In our cohort of 209 patients with severe encephalitis, 22 patients died, yielding a mortality rate of 10.5%. 
Cerebrospinal fluid pressure ≥ 400mmH2O (OR = 7.43), abnormal imaging (OR = 3.51), abnormal electroencephalogram 
(OR = 7.14), and number of rescues (OR = 1.12) were significantly associated with an increased risk of mortality in 
severe infectious encephalitis patients. Among the 187 survivors, 122 (65.2%) had favorable outcomes, defined as 
the modified Rankine Scale (mRS) score (0 ~ 3), and 65(34.8%) had poor outcomes (mRS scores 4 ~ 5). Age (OR = 1.02), 
number of rescues (OR = 1.43), and tubercular infection (OR = 10.77) were independent factors associated with poor 
outcomes at discharge in all survivors with severe infectious encephalitis.

Conclusions Multiple clinical, radiologic, and electrophysiological variables are independent predictive indicators 
for mortality and poor outcomes in patients with severe encephalitis in intensive care units. Identifying these 
outcome predictors early in patients with severe encephalitis may enable the implementation of appropriate medical 
treatment and help reduce mortality rates.
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Background
A serious medical disorder called encephalitis is charac-
terized by inflammation of the brain and resulting in neu-
rological impairment. Encephalitis is a potentially fatal 
condition that affects 12.6 out of every 10,000 people 
each year [1]. It is primarily brought on by autoimmune 
and infectious diseases and is clinically characterized 
by fever, headache, seizures, and altered consciousness. 
However, the etiology is still unknown in 40–50% of 
encephalitis cases [2, 3].

Even with the advancements in encephalitis diagno-
sis and treatment, 7–18% of patients still die from the 
illness. The annual cost of hospitalizing patients with 
viral encephalitis in the United States is estimated to be 
between $350 million and $540 million [4]. Additionally, 
up to 56% of survivors have severe disabilities, indicat-
ing the substantial financial burden that long-term care 
and rehabilitation costs place on patients and their fami-
lies. Currently, antimicrobial agents, anti-inflammatory 
drugs, steroids, intravenous immunoglobulin (IVIG), and 
supportive care are the only therapy options available 
for individuals with encephalitis [5]. Early diagnosis and 
treatment of encephalitis have the potential to enhance 
the prognosis of this serious disease.

Because of the potential seriousness and risk of unex-
pected death, many patients with severe encephali-
tis need to stay in intensive care units (ICUs) for an 
extended period of time [6]. Previous research has dem-
onstrated that encephalitis patients’ poor outcomes were 
significantly predicted by admission to the intensive care 
unit (ICU) [7]. However, nothing is known regarding the 
short-term outcomes of patients with severe encephalitis 
discharged from intensive care units.

In this study, we specifically examined a population of 
severe infectious encephalitis patients to identify predic-
tors of mortality and discharge outcomes. We aim to help 
with early identification and intervention of the disease, 
assist ICU teams in tailoring treatment plans and sup-
portive care based on different outcomes, increase the 
possibility of brain functional recovery, and ultimately 
improve overall outcomes.

Methods
Patients and definitions
This study was approved by the hospital ethics com-
mittee on human research. The study sample con-
sisted of patients who were clinically diagnosed with 
severe infectious encephalitis at Zhongnan Hospital of 
Wuhan University and General Hospital of Central The-
ater Command from 2003 to 2022. Encephalitis cases 
were retrospectively identified within two hospitals’ 
databases based on the ICD-10 diagnosis codes corre-
sponding to encephalitis, which were confirmed by neu-
rologists’ notes, laboratory results, and neuroimaging 

data. Encephalitis was diagnosed as altered mental sta-
tus (altered level of consciousness or personality change) 
lasting more than 24  hours, with no identified alterna-
tive cause; associated with three or more of the follow-
ing: fever, seizures, focal neurological signs, cerebrospinal 
fluid (CSF) white blood cell (WBC) count > 5/µl and sug-
gestive magnetic resonance imaging (MRI) or electroen-
cephalogram (EEG) findings [8].

Patients with infectious encephalitis who were continu-
ously admitted to the neurology ICU were also included. 
Encephalitis patients have to be admitted to the ICU if 
they meet one of the following criteria: (a) severe neu-
rological damage (at least two seizures or status epi-
lepticus; Glasgow score < 13); (b) other organ failures 
(shock, respiratory distress syndrome, etc.); (c) behavior 
disorders preventing hospitalization in a standard unit 
[9]. The diagnosis of infectious encephalitis is based on 
the comprehensive judgment of medical history, physical 
examination, cerebrospinal fluid examination, pathogenic 
testing, imaging examination, and electroencephalogram.

Study exclusion criteria were as follows: (a) meningitis 
without clinical brain involvement, autoimmune enceph-
alitis, and noninfectious CNS diseases [10]. (b) the length 
of stay in the ICU is less than 48 hours, as 48 hours was 
identified as the minimum length of stay in the ICU to 
exclude those encephalitis patients who had only tran-
sient critical care needs [11].

In addition, rescue in our study meant that the patient 
needed to maintain basic vital signs through cardiopul-
monary resuscitation (CPR), fluid resuscitation, electrical 
defibrillation, cardioversion or defibrillation, the use of a 
vasopressor, and other rescue measures.

Etiological diagnosis
Pathogens can be identified by CSF Gram staining, cul-
ture of bacteria, mycobacterial culture and acid-fast 
bacillus stain, cryptococcal antigen, fungal culture, and 
serology or CSF amplification of the viral genome by 
RT-PCR or PCR. Recently, metagenomic next-genera-
tion sequencing (NGS) of cerebrospinal fluid has been 
applied clinically due to its advantages of identifying 
a wide range of pathogens [12]. Until the year 2018, we 
identified pathogens based on clinical evaluation, imag-
ing examination, cerebrospinal fluid examination, etc. 
This study identified a pathogen in 34 patients. Therefore, 
this study could not make an analysis based on the patho-
gen. However, in the supplemental table (named Table 4), 
we have included a column that shows the patients for 
whom a specific pathogen was identified and another 
column where the etiology was determined as bacterial, 
viral, fungal, and tuberculous based on clinical evalua-
tion, imaging examination, cerebrospinal fluid examina-
tion, etc.
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Data collection
Demographic characteristics (age, sex), immunization 
state, history of disease, physical examination, onset 
time, hospitalized days, length of admission to ICU, days 
of critical condition, number of rescues, medication 
administration, and complication in all severe encepha-
litis patients were recorded, respectively. Clinical infor-
mation included cerebrospinal fluid (CSF) profile (white 
blood cell count, red blood cell count, glucose, protein, 
opening pressure, culture/PCR data), electroencepha-
logram (EEG), and head MRI. A critical condition is 
defined as being seriously ill or injured and likely to die. 
Complications of encephalitis include pulmonary infec-
tion, epilepsy, gastrointestinal hemorrhage, electrolyte 
disturbance, hypoproteinemia, heart failure, renal fail-
ure, etc. The abnormal electroencephalogram includes: 
the basic rhythm and volatility of each district increases 
or decreases, the presence of focal or generalized slow 
waves, and epileptiform discharges [13]. Sagittal and 
axial T1-weighted and T2-weighted images, thin-section 
coronal fluid-attenuated inversion recovery (FLAIR) 
sequences, and susceptibility-weighted images were 
obtained for all patients. MRI abnormalities were evalu-
ated as lobe lesions, increased T2 and FLAIR signals, and 
contrast enhancement [14].

The modified Rankin scale (mRS), a clinician-reported 
measure of global disability, is widely applied for evaluat-
ing patient outcomes and as an endpoint in randomized 
clinical trial and was used to assess the prognosis of sur-
vivors at discharge [15]. Neurological status was assessed 
with the modified Rankin scale (mRS) at the discharge 
point. In those patients who survived, a good outcome 
was defined as mRS scores 0 to 3 and a poor outcome as 
mRS scores 4 to 5. Mortality included patients who died 
after being placed in comfort care or secondary to a med-
ical complication following treatment.

Statistical analysis
Statistical analysis was performed using SPSS 25.0 win-
dow software (statistical package for the social sciences, 
SPSS Inc.) and GraphPad Prism 8.4 software. All con-
tinuous data with a skewed distribution were descrip-
tively presented using the median (interquartile range) 
and categorical data using the count (percentage [%]). 
Differences between groups were assessed with the 
Mann-Whitney U test for different kinds of continuous 
variables and chi-square for categorical variables. Multi-
variable logistic regression analysis was used to explore 
the association of factors with mortality in all encephali-
tis patients and poor outcomes in those surviving hospi-
tal discharge. A p-value < 0.05 was considered statistically 
significant.

Results
Demography
From the encephalitis databases in the two hospitals, 209 
of a total of 683 patients with severe infectious enceph-
alitis met our inclusion criteria. The median age was 
36 years (23.0–53.0). 135 of 209 patients (64.6%) were 
male (Table 1). Patients were admitted after a median of 
4.0(2.0–7.0) days of illness, the total length of hospital 
stay was 17.0(9.5–30.5) days, median length of admission 
to ICU reached 6.0(3.0–13.0) days, median days critical 
condition was 9.0 (4.0-18.8), the numbers of rescue was 
0.0(0.0–1.0) times, median days of advanced care was 
6.0(3.0–12.0) and primary care was 12.0(6.0-22.5).

Investigations
Out of the 209 included patients, 209 had a lumbar punc-
ture, 202 had an MRI and 198 had an EEG done. In CSF 
examination, 32 of 208 patients (15.4%) had cerebrospi-
nal fluid pressure above 400 mmH2O, 137 of 208 patients 
(65.9%) had white blood cell abnormality, and 137 of 209 
patients (65.6%) had total protein abnormality. An abnor-
mal electroencephalogram was observed in 65 of 198 
patients (32.8%). An abnormal imaging was observed in 
78 of 202 patients (38.6%). Complication was observed in 
118 of 209 patients (56.5%) with encephalitis. The caus-
ative agent of encephalitis included 147 patients (70.3%) 

Table 1 Characteristics of the study population (n = 209)
Variables Data
Demography data
 Mean age (years) 36.0(23.0,53.0)
 Male (%) 135(64.6%)
Hospitalization data
 Onset time (days) 4.0(2.0,7.0)
 Hospitalized days 17.0(9.5,30.5)
 Admission to ICU (days) 6.0(3.0,13.0)
 Days of critical condition (days) 9.0(4.0,18.8)
 Number of rescuing 0.0(0.0,1.0)
 Days of advanced care (days) 6.0(3.0,12.0)
 Days of primary care (days) 12.0(6.0,22.5)
Clinical data
 Cerebrospinal fluid pressure ≥ 180mmH2O 109(52.4%)
 Cerebrospinal fluid pressure ≥ 400mmH2O 32(15.4%)
 White blood cell abnormality in CSF 137(65.9%)
 Total protein abnormality in CSF 137(65.6%)
 Abnormal imaging 78(38.6%)
 Abnormal electroencephalogram 65(32.8%)
 Complications 118(56.5%)
Causative agent
 Viral 147(70.3%)
 Bacterial 36(17.2%)
 Fungal 10(4.8%)
 Tubercular 16(7.7%)
Categorical variables are shown as frequencies. Numerical variables are 
expressed as median (interquartile range). Reference interval: CSF WBC count: 
0–10 × 106/L; CSF protein level, 0.15–0.45 g/L;



Page 4 of 8Zhao et al. BMC Infectious Diseases          (2024) 24:421 

with viral encephalitis, 36 patients (17.2%) with bacterial 
encephalitis, 10 patients (4.8%) with fungal encephalitis, 
and 16 patients (7.7%) with tubercular encephalitis.

Predictors of mortality
In our patient cohort, 22 patients died, leading to an 
average mortality rate of 10.5%. There was a notable 
distinction between surviving and dead patients in 
hospitalized days, days of critical condition, days of 
primary care, number of rescues, cerebrospinal fluid 
pressure ≥ 180mmH2O, abnormal imaging, abnormal 
electroencephalogram, and complication (Table 2). Given 
the presence of interrelationships among predictors of 
variables associated with mortality, we first used uni-
variate logistics regression to analyze the predictors of 
severe encephalitis death and selected appropriate vari-
ables according to the results of the univariate analysis to 
be included in the multivariate regression analysis model 
(Fig.  A). Multivariate logistic regression models dem-
onstrated that CSF pressure ≥ 400mmH2O(OR = 7.43), 
abnormal imaging (OR = 3.51), and abnormal electro-
encephalogram (OR = 7.14) and numbers of rescue 
(OR = 1.12) were associated with mortality in patients 
with severe infectious encephalitis.

Predictors of outcome among survivors
Of the surviving 187 patients, 122(65.2%) had good out-
come (mRS scores 0–3) and 65(34.8%) had poor outcome 

(mRS scores 4–5). Advanced age, number of rescues, 
abnormal imaging, and species of causative agent are 
risk factors for poor prognosis (Table  3). We screened 
the predictors of poor prognosis according to univari-
ate regression analysis and then performed multivariate 
retrospective analysis. It was found that advanced age 
(OR = 1.02), number of rescues (OR = 1.43), and tuber-
cular infection (OR = 10.77) were independently associ-
ated with poor prognosis in survivors of severe infectious 
encephalitis at discharge (Fig. B).

Discussion
Encephalitis is a global health issue with a high mortal-
ity rate. Survivors of this condition face various compli-
cations, such as cognitive impairment, behavior disorder, 
and activity disorder. In this study, we retrospectively 
analyzed patients with severe infectious encephalitis. 
Our results indicate that neuroimaging, particularly MRI, 
cerebrospinal fluid (CSF) analysis, and electroencephalo-
gram (EEG) examination, play a crucial role in diagnos-
ing encephalitis.

Factors related to mortality in patients with severe 
infectious encephalitis
Our study revealed several negative predictors of 
mortality in our patient cohort, including CSF pres-
sure ≥ 400mmH2O, abnormal imaging, abnormal electro-
encephalogram, and the number of rescues.

Table 2 The difference between survivors and death patients
Factors Survivors(n = 187) Death(n = 22) Z/χ2 p-value
Mean age (years) 36.0(23.0,53.0) 37.5(23.3,54.3) -0.3 0.747
Male (%) 120(64.2%) 15(68.2%) 0.1 0.710
Onset time (days) 4.0(2.0,7.0) 4.0(1.8,7.5) -0.4 0.657
Hospitalized days 19.0(10.0,32.0) 9.0(2.8,18.3) -3.3 0.001*
Admission to ICU (days) 6.0(3.0,12.0) 7.0(2.5,15.5) -0.5 0.588
Days of critical condition 10.0(5.0,20.3) 5.0(2.0,15.3) -2.1 0.038*
Number of rescuing 0.0(0.0,0.0) 1.5(0.8,3.0) -5.2 <0.001*
Days of advanced care 6.0(3.0,12.0) 7.5(2.8,7.5) -0.7 0.507
Days of primary care 13.0(7.0,24.0) 1.0(1.0,7.0) -3.1 0.002*
CSFP
 CSFP ≥ 180mmH2O 89(47.8%) 20(90.9%) 14.6 <0.001*
 CSFP ≥ 400mmH2O 25(13.4%) 7(31.8%) 5.1 0.024*
White blood cell abnormality in CSF 124(66.3%) 13(61.9%) 0.2 0.686
Total protein abnormality in CSF 123(65.8%) 14(63.6%) 0.0 0.842
Abnormal imaging 63(34.8%) 14(70.0%) 9.4 0.002*
Abnormal electroencephalogram 52(29.2%) 13(65.0%) 10.4 0.001*
Complication 96(51.3%) 22(100.0%) 19.0 < 0.001*
Causative agent
 Viral 135(72.2%) 12(54.5%) 5.4 0.145
 Bacterial 31(16.6%) 5(22.7%)
 Fungal 7(3.7%) 3(13.6%)
 Tubercular 14(7.5%) 2(9.1%)
Categorical variables are shown as frequencies. Numerical variables are expressed as median (interquartile range). * P < 0.05



Page 5 of 8Zhao et al. BMC Infectious Diseases          (2024) 24:421 

Table 3 The difference between good prognosis and poor prognosis
Factors mRS<3(n = 122) 3 ≤ mRS<6(n = 65) Z/χ2 p value
Mean age (years) 33.0(22.0,50.0) 42.0(23.0,56.5) -2.0 0.041*
Male (%) 80(65.6%) 40(61.5%) 0.3 0.584
Onset time (days) 3.5(2.0,7.0) 4.0(2.0,8.5) -1.3 0.183
Hospitalized days 18.0(11.0,29) 19.0(8.5,48.0) -0.4 0.706
Admission to ICU (days) 6.0(3.0,11.0) 6.0(2.0,18.5) -0.9 0.386
Days of critical condition 8.0(4.0,14.0) 16.0(5.0,30.5) -2.6 0.010*
Number of rescuing 0.0(0.0,0.0) 0.0(0.0,2.5) -3.9 <0.001*
Days of advanced care 5.0(3.0,9.0) 8.0(3.0,20.0) -2.0 0.044*
Days of primary care 14.0(7.0,21.5) 12.0(6.0,30.5) -0.3 0.771
CSFP
 CSFP ≥ 180mmH2O 54(44.3%) 35(54.7%) 1.8 0.175
 CSFP ≥ 400mmH2O 14(11.5%) 11(17.2%) 1.2 0.278
White blood cell in CSF>10/uL 80(65.6%) 44(67.7%) 0.1 0.770
White blood cell in CSF>500/uL 20(16.4%) 5(7.7%) 2.8 0.096
Total protein in CSF>0.4 g/L 81(66.4%) 42(64.6%) 0.1 0.807
Total protein in CSF>1 g/L 31(25.4%) 23(35.4%) 2.1 0.152
Abnormal imaging 34(28.6%) 29(46.8%) 6.0 0.015*
Abnormal electroencephalogram 35(29.9%) 17(27.9%) 0.1 0.776
Complication 57(46.7%) 39(60.0%) 3.0 0.084
Causative agent
 Viral 94(77.0%) 41(63.1%) 15.0 0.002*
 Bacterial 22(18.0%) 9(13.8%)
 Fungal 3(2.5%) 4(6.2%)
 Tubercular 3(2.5%) 11(16.9%)
Categorical variables are shown as frequencies. Numerical variables are expressed as median (interquartile range). * P < 0.05

Fig. A Forest plot of mortality risk prediction for severe infectious encephalitis in the ICU. We included plausible variables associated with death of severe 
infectious encephalitis in univariate logistics regression analysis into multivariate logistics regression analysis to obtain death predictors of severe infec-
tious encephalitis. The variables on the right of the midline (OR = 1) and CIs not crossing the midline were independent predictors of severe encephalitis 
mortality in the ICU.
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Our findings suggest that a CSF pressure of 
≥ 400mmH2O is associated with mortality. These findings 
are consistent with earlier research [16], which suggests 
that increased CSF pressure can lead to the compres-
sion of brain tissue, displacement of brain structures, the 
development of hydrocephalus, brain herniation, and 
a restricted blood supply to the brain, ultimately result-
ing in irreversible brain damage and death. Increased 
CSF pressure may indicate a more severe inflammatory 
response, potentially leading to greater cellular damage 
and neurological deficits. Therefore, increased CSF pres-
sure serves as a late-stage indicator of a patient’s condi-
tion and prognosis.

In this study, 78(38.6%) patients had abnormal imag-
ing involving cerebral lesions, which showed increased 
T2 and FLAIR signals, contrast enhancement, and lobe 
lesions. The mortality rate of encephalitis (10.5%) in the 
present study is consistent with worldwide encepha-
litis mortality (5–15%) [1]. Patients with encephalitis 
who have restricted diffusion lesions in MRI imaging 
fare worse clinically than those who do not. Moreover, 
patients with a greater extent of image abnormality have 
a poorer outcome [17, 18]. A multicenter cohort study 
on herpes simplex encephalitis revealed that extensive 
lesions in over three lobes on MRI upon admission were 
indicative of poor outcomes (such as moderate to severe 
disability and death) [19].

Out of the 209 patients, 65 (32.8%) had abnormal EEG. 
The possible mechanism involves neuronal necrosis and 

inflammatory cell infiltration resulting from infectious 
encephalitis. This, in turn, leads to abnormal firing of 
neurons [20]. EEG findings in encephalitis patients cor-
relate with disease severity and have prognostic signifi-
cance. Studies have demonstrated that worsening EEG 
findings indicate unfavorable outcomes [21]. EEG in the 
early stages of encephalitis is important for both diag-
nosis and prognosis. When combined with the overall 
severity of the clinical picture, it facilitates outcome eval-
uation and diagnosis [22].

Based on multivariate analysis, patients with severe 
infectious encephalitis who require many rescues are 
more likely to have additional concomitant illnesses, 
including dementia, brain damage, disability, or seizures. 
These additional concomitant illnesses prevent them 
from recovering functionally. According to our research, 
the number of rescues is a critical indicator of clinical 
severity and is associated with a fatal outcome in enceph-
alitis. Given the unavoidable need for rescues, the ICU 
team must strive to optimize the rescue process and min-
imize adverse complications to enhance the prognosis.

Prognostic factors for survivors of severe encephalitis
In our study, we found that 34.6% of patients with severe 
infectious encephalitis had poor outcomes. This study 
suggests that advanced age, the number of rescues, and 
tuberculosis infection were independently associated 
with poor outcomes for survivors at discharge in patients 
with severe infectious encephalitis.

Fig. B Forest plot of poor prognosis prediction for severe infectious encephalitis in the ICU
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An earlier study established that age was a risk fac-
tor that was independently linked to a poor prognosis 
for encephalitis patients during their hospital stay [23]. 
Singh’s research also reported a similar finding through 
the use of multivariate regression analysis. It revealed 
that individuals aged 65 years or older have a worse prog-
nosis in cases of acute encephalitis [2]. However, previous 
studies in adult patients found no relationship between 
the age of patients with encephalitis and prognosis, sug-
gesting that this parameter may only be relevant in stud-
ies including both adults and children [24, 25].

By analyzing the characteristics of causative agents that 
cause encephalitis, tuberculosis infection was identified 
as an independent predictor of poor prognosis, with viral 
infection as the reference category. A study conducted in 
France revealed that tuberculous encephalitis had a con-
siderably higher mortality rate compared to other forms 
of encephalitis. Additionally, it was found to cause per-
sistent neurological symptoms upon discharge, particu-
larly movement disorders [26]. A prospective multicentre 
observational study has shown that viral encephalitis 
independently predicts 6-month mortality [27]. This is 
different from our findings and may be related to the fact 
that the proportion of encephalitis caused by L. monocy-
togenes and VZV increased with age, the latter becoming 
the main cause of infectious encephalitis after 80 years 
of age, and the proportion of TBE and M. tuberculosis 
encephalitis decreased with age [27].

Limitations
This study has certain limitations. Firstly, our study 
involved two centers and other centers need to reproduce 
similar results to confirm them. Secondly, the design of 
our study did not allow long-term follow-up in survi-
vors. Therefore, the long-term morbidity in survivors 
may have been underestimated. Thirdly, 48 hours is not 
enough to complete imaging, EEG, and lumbar puncture 
examinations; therefore, we did not include these cases 
that were only clinically considered to have encephalitis. 
Finally, since the past few decades, there has been a sub-
stantial improvement in the diagnostic procedures used 
to identify infections causing encephalitis, and this study 
is retrospective for a long period. Only a small number 
of etiological diagnoses were found in our retrospec-
tive analysis, and the test procedures employed to iden-
tify viral and bacterial pathogens altered throughout the 
investigation. This may have affected our findings. Future 
prospective multicenter studies are necessary to assess 
whether the prevention and management of these com-
plications can improve outcomes in patients with severe 
encephalitis.
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