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Herpes simplex virus (HSV) and varicella zoster virus (VZV) are among the most commonly diagnosed infectious causes of sporadic encephalitis worldwide. Despite treatment, mortality and morbidity rates remain high, especially for HSV encephalitis. This review is intended to provide an overview of the existing scientific literature on this topic from the perspective of a clinician who is confronted with serious decisions about continuation or withdrawal of therapeutic interventions. We performed a literature review searching two databases and included 55 studies in the review. These studies documented or investigated specifically outcome and predictive parameters of outcome of HSV and/or VZV encephalitis. Two reviewers independently screened and reviewed full-text articles meeting the inclusion criteria. Key data were extracted and presented as a narrative summary. Both, HSV and VZV encephalitis have mortality rates between 5 and 20% and complete recovery rates range from 14 to 43% for HSV and 33 to 49% for VZV encephalitis. Prognostic factors for both VZV and HSV encephalitis are older age and comorbidity, as well as severity of disease and extent of magnetic resonance imaging (MRI) lesions on admission, and delay in treatment initiation for HSV encephalitis. Although numerous studies are available, the main limiting factors are the inconsistent patient selection and case definitions as well as the non-standardised outcome measures, which hampers the comparability of the studies. Therefore, larger and standardised observational studies applying validated case definitions and outcome measures including quality of life assessment are required to provide solid evidence to answer the research question.
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1. Introduction

Encephalitis is an inflammatory disease of the central nervous system (CNS), sometimes associated with meningitis, neuritis, radiculitis and/or myelitis (1). The estimated annual incidence of all types of encephalitis worldwide is between 1 and 14 cases per 100,000 (2–5). Clinically, encephalitis is defined as altered mental status lasting for ≥24 h, accompanied by evidence of brain parenchymal inflammation. This includes fever, new-onset seizures, focal neurological signs, cerebrospinal fluid (CSF) pleocytosis and/or abnormal findings in magnetic resonance imaging (MRI) or on electroencephalography (EEG) (1). Viral encephalitis is a serious condition with overall mortality rates of up to 30% depending on the causal agent in non-tropical regions (6–8). Up to 75% of long-term survivors of infectious encephalitis have persisting signs and symptoms that significantly impair their quality of life, including cognitive deficits, behavioural and speech disorders, epileptic seizures, frequent headaches and fatigue (7, 9, 10). The socioeconomic impact of infectious encephalitis is considerable: one quarter to half of the patients who were previously employed are unable to return to work (7, 9, 11).

Herpes simplex virus (HSV) encephalitis is the most commonly diagnosed viral encephalitis in industrialised nations (3, 6, 11–14). Besides being one of the most frequent causes, HSV infections of the CNS are also among the most severe of all viral infections of the human brain (14). Typically, after a prodromal phase, patients present with non-specific signs and symptoms such as seizures, abnormal behaviour, impaired consciousness and focal neurological deficits (15). Untreated HSV encephalitis has very high mortality rates of up to 70 and 97% of survivors do not regain their previous level of function (14). The introduction of aciclovir treatment has significantly improved outcome following HSV encephalitis (16, 17).

Another important and treatable herpes virus causing encephalitis is the varicella zoster virus (VZV) (1, 6, 11). Chickenpox is the primary form of VZV infection, occurring mainly in children, and herpes zoster due to reactivation of the virus occurs mostly in adults (3). Less common manifestations of VZV reactivation, and rarely of primary infection, affect the CNS and peripheral nervous system (PNS). They include encephalitis, meningitis, cerebellitis, myelitis and vasculopathy/stroke as well as radiculopathy, peripheral facial palsy and Ramsay Hunt syndrome (18).

In the emergency ward, as soon as viral encephalitis is suspected, the question of outcome and prognosis arises. Knowledge of estimated outcome and prognostic markers is important to optimise case-specific treatment, clinical care and patient information. Many studies, most of them retrospective, have investigated clinical presentation, course of disease including mortality rates and the clinical outcome in survivors. A wide variety of factors – from presenting clinical signs and symptoms, age, comorbidities, interval between onset and hospital admission or initiation of treatment, laboratory parameters and imaging features – have been studied to assess their value as prognostic factors.

As a consultant neurologist working in an intensive care unit (ICU), one must not only be able to inform patients and relatives about the prognosis and expected long-term consequences, but one is also confronted with serious decisions about the continuation or withdrawal of life-sustaining therapies depending on the clinical severity of CNS infections. Against this background, this review is intended to summarise the existing literature and provide an overview of the scientific basis that can be used to assist in making these momentous decisions.



2. Methods

We searched MEDLINE/PubMed (National Library of Medicine) for relevant literature and the Cochrane Library for randomised controlled trials on viral encephalitis caused by HSV or VZV describing clinical outcome or prognostic factors published from 1996 to December 2022. Only reports of research in humans were included. The search terms, selection and exclusion of literature are listed in Supplementary Figure S1. Furthermore, we searched the reference lists of the publications included to identify additional studies not detected in the initial search.


2.1. Eligibility criteria

Studies were included if they were case-series including more than 10 patients, case–control studies, cohort studies or randomized-controlled trials. We included publications that reported on cases with features of encephalitis or meningoencephalitis that were suspected or confirmed to have been caused by HSV or VZV. Diagnosis had to be confirmed by detection of HSV or VZV in the CSF by polymerase chain reaction (PCR) (5, 19). Patients without PCR or serological microbiological confirmation had to be distinguishable in the final analysis. We excluded studies focusing on other causes of infectious encephalitis or meningoencephalitis, autoimmune mediated encephalitis or non-CNS syndromes, such as isolated myelitis or radiculitis. Inclusion criteria were publication in German or English language and the availability of the full text. Studies performed solely in children were also excluded as childhood cases are likely to represent clinical entities that are distinct from adult cases.



2.2. Data extraction

A detailed review of each study was conducted by two independent researchers (LA and AD), during which the following details were extracted: number of patients, cause of encephalitis or meningoencephalitis, clinical syndrome, age, abnormal investigation findings including MRI, outcome measures, factors tested for correlation with outcome and study results. We had a particular interest in publications in which MRI findings were used as markers for prognosis. The CSF parameters we considered applicable were those identified by routine testing, such as protein, glucose, white cell count, or differential cell counts. We recorded MRI abnormalities likely due to encephalitis or meningoencephalitis, or any MRI abnormality if these details were not specified.




3. Results


3.1. Herpes simplex encephalitis

The studies reviewed are summarised in Table 1 and included 32 retrospective and 8 prospective studies from Europe (France, Denmark, Sweden, Spain, Turkey, Czech Republic, Austria), the United States, Israel, Asia (India, Republic of Korea, Japan, China) and New Zealand. Two multinational studies included data from Arabic countries (Egypt, Iraq, Lebanon) (37, 38). In most studies, the proportion of HSV1 to HSV2 infections was evident. The outcome was generally assessed at discharge and during follow-up periods of 3 to 6 months and/or after 1 year. Eight studies had further follow-up periods of up to 2 years (7, 11, 27, 34, 35, 43, 50) or even up to 11 years (20, 21, 50).



TABLE 1 Reports with data on outcome and/or prognostic factors for HSV or VZV encephalitis.
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Mortality rates of HSV encephalitis reported in these studies were mostly between 5 and 20% (7, 11, 20, 22–24, 28, 30–38, 42, 46, 47, 49, 50, 52). Tan et al. described significantly increased mortality rates in immunocompromised compared to immunocompetent patients (36 versus 7%) (30). However, three studies reported no fatal cases (40, 53, 54), whereas five other studies found mortality rates of 24–64% (8, 27, 39, 41, 51). It is noteworthy that the studies reporting no mortality are most likely to have included more of the less severely affected patients. Kaewpoowat et al. (54) included 75% patients characterised as having meningitis and Kim et al. (40) reported a mean initial Glasgow Coma Scale (GCS) of 13.2 with altered mental status – a defining criterion for encephalitis – in only 25% of patients. Růžek et al. (53) did not provide further details on the clinical presentation of the study population and only divided the study population retrospectively into two groups: “mild” following successful uncomplicated therapy with good outcome or “severe” describing a severe course accompanied by acute neurological signs. On the other hand, large studies with mortality rates between 10 and 17% (47–49) included admission to the ICU as an inclusion criterion for study participation.

Outcome was reported to be favourable in 29–65% of survivors (8, 20, 22–24, 27, 29, 31–33, 37, 38, 40, 48, 49, 52, 53) and complete recovery was observed in 14–43% (7, 11, 22–24, 32, 33, 40, 51, 52). Interestingly, one prospective treatment study investigated an additional 3-month course of valaciclovir after standard aciclovir treatment. The authors described no or only mild residual neurocognitive deficits after 12 and 24 months in 86 and 90% of patients in the treatment and control group, respectively (34). A nationwide registry cohort study from Denmark noted a significantly increased risk of mortality (19% 1-year absolute excess mortality) in the first year and an increased risk of dementia in the first 5 years after detection of HSV in the CSF (50).

The factors most frequently associated with mortality and morbidity were age (8, 20, 22, 24, 28, 31, 37, 41, 42), pre-existing morbidity (7, 11, 42, 54), fever on admission (31, 47) and duration of fever after start of treatment (28), as well as lower GCS or a higher acute physiology and chronic health evaluation (APACHE) score on admission (8, 22, 24, 41). The following clinical parameters were also found to be associated with a worse outcome: longer interval between onset of main symptoms and hospitalisation (32), pre-existing immunocompromised state (30, 74) and status epilepticus, persistence of impaired consciousness, confusion or aphasia at day 5 of evolution (52), admission-to-MRI delay (52), need for mechanical ventilation (47) and length of stay in the ICU (52). Interestingly, direct admission to the ICU seems to be protective (47).

Development of autoimmune encephalitis (AE) within 3 months after HSV encephalitis has been described in up to 27% of cases (74% N-methyl-D-aspartate (NMDAR), 26% unknown antigens) (36, 43). Risk factors were younger age (≤4 years) and shorter interval between HSV encephalitis and detection of AE antibodies (43). Early detection of anti-NMDAR antibodies was associated with an overall increase in inflammatory CSF response and worse outcome (35, 36).

Regarding laboratory parameters, lower CSF cell count and initially negative HSV PCR were found to be associated with worse outcome in immunocompromised patients (30). Interestingly, another study noted that of 273 HSV encephalitis patients, 11 had negative HSV PCR in the first lumbar puncture performed 1 day after symptom onset (49). An initial negative HSV PCR was associated with worse outcome. In-hospital mortality was 27% and modified Rankin Scale (mRS) ≥4 at 3 months in 73% of PCR-negative patients compared to 14 and 33%, respectively in PCR-positive HSV encephalitis patients. This difference was only partially explained by delayed start of aciclovir treatment (49). Controversially, Mulatero et al. reported that 13% (11/76) of patients had negative HSV PCR in the first lumbar puncture performed – mean 1.8 ± 3 days (range 0–17 days) – after admission (52). These patients had less severe disease, but no difference was seen in the outcome (52). Overall, studies reported between 4 and 13% initial false negative HSV PCR results (41, 47, 49, 52).

Levels of neurofilament (NFL) in CSF (36) and serum albumin levels on admission (28) have been associated with outcome. No direct correlation between viral load in CSF and clinical outcome has been found (8, 23, 27, 53). Xanthochromia (haem degradation products in the CSF leading to a yellowish appearance) is a rare condition in HSV encephalitis (38) and is associated with poor outcome (8). Most likely, xanthochromia reflects advanced brain infection with tissue necrosis (34).

Several studies mention imaging findings (33), of these, nine studies described them in more detail or focused on MRI findings and their prognostic value (32, 39–41, 44, 47, 48, 52), as summarised in Table 2. Extent of brain involvement seen on MRI at admission, especially bilateral temporal lobe involvement, has been described as a factor associated with poor prognosis (32). The study by Sili et al. (32) has limitations due to missing information on time from hospital admission to MRI, lack of detailed description of abnormal MRI sequences and the high proportion of “suspected” HSV encephalitis (48% of the study population). However, it has been confirmed that fluid-attenuated inversion recovery (FLAIR) MRI signal abnormalities affecting more than three brain lobes, as well as the presence of diffusion-weighted MRI signal abnormalities in the left thalamus, were independently associated with poor outcome (47, 48). The multicentre studies by Jaquet et al. (47) and Sarton et al. (48), analysed large cohorts of patients with a well-described study population. Both these studies (47, 48) analysed the same cohort of HSV encephalitis patients requiring ICU treatment; however, Sarton et al. (48) included fewer patients in their analysis and focused exclusively on MRI and functional outcomes after HSV encephalitis. In these two studies, the MRI acquisition took place a median of 3 days after hospital admission and 1 day after ICU admission and it was abnormal in 99.3% of patients, with FLAIR hyperintensities as the most important finding (48). Singh et al. also showed that restricted diffusion on MRI was associated with poor outcome (mRS ≥3) in elderly people (median age 66 years) at hospital discharge as well as 6–12 months later (41). In contrast, other studies showed no association between MRI findings and outcome (40, 55). The studies by Kim et al. (40) and Jordan et al. (55) both included a retrospective analysis, of 25 and 15 patients, respectively. In the study by Kim et al. (40) there was a surprisingly low number of abnormal MRI (64% FLAIR and 59% diffusion-weighted imaging (DWI)) compared to larger studies (32, 48). However, the authors did not explicitly report the proportion of normal and abnormal MRI in HSV patients and the value of the study is therefore limited.



TABLE 2 Reports with MRI data from patients with HSV encephalitis.
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Delay of aciclovir initiation significantly worsens clinical outcome (20–22, 30, 32, 37, 41). However, a dosage of aciclovir that is higher than the recommended standard dose of 10 mg per kg body weight every 8 h together with an additional course of oral valaciclovir therapy after aciclovir treatment did not improve outcome (29, 34). Very recently Mulatero et al. described an association between worse outcome, body weight and aciclovir dosage and suggested a weight-adjusted dose regimen, increasing the dose for patients with lower body weight (of <79 kg) up to 15 mg/kg body weight, especially for patients with a body weight below 57 kg (52). The question whether additional treatment with corticosteroids is beneficial for long-term outcome has yet to be answered (24, 45, 75). In one prospective randomized, double-blind, placebo-controlled treatment trial that had to be stopped prematurely due to slow recruitment, adjunctive steroid treatment did not affect mortality or neurological sequelae (45).



3.2. Varicella zoster virus encephalitis

As mentioned above, VZV causes a wide range of clinical manifestations of infection of the nervous system. Most frequently VZV infection or reactivation affects the PNS causing ganglionitis and dermatomal rash or facial nerve palsy (64). Less frequently, patients present with encephalitis, meningitis, cerebellitis, myelitis, or stroke/vasculopathy (59, 60, 64, 76, 77). Therefore, VZV infection can usually be discriminated clinically from HSV infection by the typical rash – if present – and the clinical presentation. However, no clinical sign or symptom can discriminate clinically between VZV and HSV encephalitis in the very early phase.

In this review, we focus on studies investigating outcome and prognosis after an encephalitic or meningitic course of VZV infection. Studies exclusively investigating outcome after PNS infection, herpes zoster or after vasculopathy are beyond the scope of this review. We included 22 studies (16 retrospective, 6 prospective) from 12 countries worldwide into the review, as summarised in Table 1. The outcome was generally assessed at discharge, some studies had follow-up periods of 1 to 6 months and/or after 1–3 years.

Encephalitis and meningitis due to VZV infection has a mortality rate of 0–15%, with fatal cases more likely during an encephalitic disease course (11, 34, 43, 53, 54, 57, 59, 62–64, 67–70). Only two studies reported mortality rates as high as 33% (72) and 36% (70). The first of these included only patients with severe encephalitis requiring intensive care (median GCS at admission 12, and mechanical ventilation in 84%) (72). In the second study, all the patients who died had a meningoencephalitic course plus stroke and/or myelitis (70).

A precise estimation of clinical outcome of survivors is difficult because of the varying definitions of outcome between the studies, different time points of evaluation (from discharge to follow-up after 3 years). Often outcome is reported combining various clinical manifestations of VZV infection of the CNS, sometimes even including PNS infection. However, the largest prospective study of VZV encephalitis, which included 92 patients, reported full recovery in 49% of patients after 3 months (68). Another study, prospectively investigating various infectious causes and outcomes of encephalitis described complete recovery in 41% of VZV encephalitis patients after 3 years (59). Interestingly, in another publication from the same group, which investigated the overall long-term outcome in patients from the same cohort study on infectious encephalitis, only 33% of VZV patients were found to have made a complete recovery after 3 years (7). A third study, with a retrospective design, worth mentioning here, showed a favourable 1-year outcome (i.e., mRS 0–2) in 36% of the whole study population and in 48% (20/41, excluding patients who died) of ICU survivors (72).

Most studies on VZV meningitis observe a good overall outcome in 70–100% of patients (54, 56, 60, 62, 63, 65, 66, 70, 71), although persisting neurological sequelae in 0 (60, 66) up to 82% (70) of patients have been described in some studies. In a small case–control study on 14 patients with VZV CNS infection (4 with meningitis, 6 with encephalitis and 4 with radiculitis or polyneuropathy) mild cognitive deficits were seen more frequently in a follow-up examination after 3–4 years than in a control group (60).

Prognostic factors for a severe acute disease course are controversial: whereas three studies found that higher VZV DNA load in the CSF was associated with disease severity (57, 58, 63), this was not confirmed in another study (53). In the acute phase, skin rash has been reported in 43–91% of patients (54, 56–58, 63, 65, 67, 68, 70). Only a few studies report herpes zoster in less than 60% of patients (56, 62, 70), occurring in 30–70% before (57, 58, 68), at or after onset of neurological signs and symptoms (57, 58). A shorter interval between appearance of herpes zoster and onset of neurological signs and symptoms has been described as a negative prognostic factor for death or sequelae (65). Older age (11, 67, 68, 70, 72) and pre-existing comorbidities (11, 54, 69, 70), as well as an encephalitic course of disease (54, 56, 68), need for mechanical ventilation (72) or signs of vasculitis (68) were associated with a worse outcome.

A large Danish cohort study analysing data from the national health registry showed that immunosuppressive state and comorbidities (Charlson Comorbidity Index >1) were a risk factor for detecting VZV DNA in the CSF (69). Mortality was increased in this VZV cohort, especially in the first year of observation and in patients with immunosuppressive or comorbid conditions (69). An increased risk of dementia and epilepsy, but not psychiatric disease, was found in the same cohort during the observation period of 12 years (69). Immunosuppression was a risk factor for more severe disease, but was not associated with worse outcome as found in three other studies (65, 70, 72).

MRI findings in patients with neurological VZV infections have been mixed, with pathological findings in 5% up to 70% of meningitis and encephalitis patients during the acute phase (54, 56, 61, 65, 67, 68, 70–72). To our knowledge, MRI findings have not so far been evaluated for their potential to serve as prognostic parameters, most likely due to incomplete data sets and mainly nonspecific MRI findings.

Interestingly, contrary to one prospective study (68) and two retrospective studies (67, 72), Yan et al. recently identified delayed time to aciclovir treatment as an independent risk factor for worse outcome (71). In the study by Le Bot et al., a higher dose of intravenous aciclovir (15 mg/kg every 8 h) was not found to be protective (67).




4. Discussion

Various studies have addressed outcome and prognostic factors in patients with HSV and VZV encephalitis. Since HSV encephalitis is the most common cause of viral encephalitis worldwide, with published case definitions (1), more studies with a reasonable number of study subjects and defined inclusion criteria are available than for VZV encephalitis or meningitis. Most studies had an observational, retrospective design and outcome was assessed mostly over a period of a few months up to 1 year and occasionally up to 3 years or more.

Mortality rates for HSV encephalitis varied significantly, from no mortality (40, 53, 54) to 65% mortality (41), while most studies reported mortality rates between 5 and 20% (7, 11, 22–24, 28, 30–38, 42, 47, 49, 50, 52). For encephalitis and meningitis due to VZV infection, slightly lower mortality rates of 0–15% have been reported (11, 34, 43, 53, 54, 57, 62, 63, 66–70). However, studies that have looked only at an encephalitic disease course found mortality rates of 33–36% (70, 72). Increased overall mortality has been observed within the first year after HSV or VZV encephalitis (50, 68). The outcome data were similarly varied: whereas some studies of HSV encephalitis describe a good (28, 32) or even excellent outcome for survivors (34, 35), other studies have reported high morbidity rates (47, 49). Patients with meningitis associated with VZV infection seems to have a good overall outcome in 70–100% of cases (54, 56, 60, 63, 65, 70, 71), whereas an encephalitic disease course is associated with high rates of long-term morbidity (70, 72). However, rates of complete recovery from HSV and VZV are comparable: around 14–43% for HSV (7, 11, 22–24, 32, 33, 40, 52) and 33–49% for VZV encephalitis (7, 68).

These large differences in mortality and morbidity rates are mainly attributable to the very different study designs and the widely varying definitions of inclusion criteria and studies are often difficult to compare. The lack of standardised inclusion criteria and outcome measures results in inclusion of more or less severely neurologically affected patients and some studies on VZV even combine patients with infection of the CNS and PNS. In addition, the outcome is defined very differently across the studies, which again makes it difficult to draw conclusions. Many studies used the mRS or the GOS; however, the cut-off for favourable and unfavourable outcome, as well as time-points of outcome evaluation were set inconsistently. Only a minority of studies investigated outcome in different functional neurological domains (i.e., neurocognitive, motor residuals, sleep–wake disorders etc.) and subjective impacts of neurological sequelae on daily life from the patient’s perspective have not been studied so far.

Risk or outcome scores are widely used in different medical fields (i.e., ABCD2-score for stroke risk after transient ischemic attack, Ranson’s criteria for pancreatitis mortality etc.). In our literature review, we found no prototype predictive score for estimating long-term clinical outcome for patients with viral encephalitis, comparable to the disability score for children after Japanese encephalitis (78). Most likely, this reflects the non-uniform definition of outcome measures (79).

Neuroimaging features may be essential tools not only to confirm the diagnosis and rule out alternative diagnoses but also to estimate outcome of disease. Whenever available, MRI is clearly preferable to CT for the diagnosis of encephalitis, given its sensitivity and specificity (80–82). The sensitivity of MRI in detecting acute, infectious encephalitis varies according to the causative agent: Overall, 95 to 100% of patients with HSV encephalitis show typical MRI abnormalities (28, 41, 48), therefore, alternative diagnoses should be considered if typical MRI findings are absent. From the largest MRI studies that focused on HSV encephalitis we can conclude that more extensive FLAIR lesions (>3 brain lobes affected) on the MRI acquired on admission are associated with higher mortality and morbidity (47, 48). On the other hand, VZV encephalitis may well be diagnosed despite normal MRI brain scans (55); this may explain why we found no study evaluating the prognostic value of MRI in VZV encephalitis.

To summarise and answer the main question posed in our review, many studies have been performed in patients with HSV and VZV encephalitis. HSV, more than VZV encephalitis, is associated with high mortality and long-term sequelae despite available therapy, and complete remission – at least for up to 3 years – is expected in fewer than half of patients. For further studies it is crucial to standardise inclusion criteria according to the case definitions (13) and use standardised outcome measures to allow comparability. Studies with longer follow-up periods and evaluation of functional impact of persisting sequelae on activities of daily life are also needed.
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Encephalitis n =273 (19)

CSF HSV1 positive n =208,
Comparison cohort n =2080
CSF HSV2 positive n =283,
Comparison cohort n =2,830

Encephalitis n =76 (HSV2
n=4)

ONS infection (HSV 1 =14;
VZV n=17)

Encephalitis total n =253
VZV n=20
HSV n =55

Encephalitis (HSV n
VZV n=5);
‘meningitis (HSV 1 =60,
VZv=13)

Encephalitis (HSV =15,
VZV n=5EBV n=2)

Meningitis and encephalitis
(HSV1n=11,HSV2 n=27,
VZV n=42)

Encephalitis =13
Meningitis 1 =17

Meningitis 11 =34;
Encephalitis =28

Cranial neuropathies 1 =20

Encephalopathy 1 =

cerebrovascular disease =6

Encephalits without

vasculopathy, n =20

n=24(61)
n=14(60)
Meningi

. encephalitis,
radiculitis, neuropathy

Meningitis 11=29
Encephalitis n =9

Meningitis 11 =25;

encephalits n =20

Any VZV disease n =282;
encephalitis 11 = 18, meningitis

=15, myeltis n

=98 (cranial neuropathies,

encephaliis, radiculopathies,

, vasculitis, myelitis)

Meningitis 1 =16, encephalitis
n=a

Meningitis 11 =21
Meningoencephalitis =15

Encephalitis 1 =92

VZV cohort
Encephaliti (44%), meningitis

(21%), herpes zoster (14%)
and other (21%)

Meningitis 11=26
CNS group n =27
PNS group n =16

Meningitis 11 =59
Meningoencephalitis 1= 15
(only 6/20 patients CSF VZV
DNA positive, but herpes

zoster as inclusion criterion)

Patient age in
years'

Median 47 (3months -
91years)

16-88

19-74

17-77

Median 58.5 (IQR 47-66)

Median 53 (IQR 37-71)

Imonth - 89years

Median 61 (IQR 50-69)

26-79

23-90

18-83

2-82

14-83

Mean 506 (+18.3 D)

Median 25 (range 1-78)

377

Median 66 (IQR 54-78)

Median 61 (IQR 49-72)

Median 50 (IQR 5-68);
<dyears n=13,5-12years

n=s

Mean 547 (range 20-90)

Mean 60.1£13.6

21% (1844 years)
34% (45-64 years)
45% (265 years)

54-73 (47, 48), 31-85 (49)

HSV 1: Median 60 (IQR
41-70), <16 n =16
HSV2: Median 38 (IQR
28-48), <16 n=7

Median 67 (IQR 56-78)

16-92

1 month - 89 years

HSV: 18-82
VZV:25-88

HSV: Mean 45 (£19 SD)
VZV: Mean 65 (15 SD)
EBV: 38 and 67

16-92

11-88

3months - 94 years

19-83

Median 35 (IQR 26-62)

15-82

Allage groups, not specified

Median 66 (IQR 50-78)

Mean 49,7222

Meningitis: Median 38,
: Median 72

Encephali

Median 75 (IQR 67-83)

Median 59 (IQR 31-77)

Meningitis: Median 34 (IQR
24-48), CNS: Median 63
(IQR 52-81), PNS: Median
68 (37-82)

Meningitis: 26-87,
Meningoencephalits: 48-81

Median 53 (36-66)

Time until
follow-up

Mortality
6months, clinical
sequelae after
6months -

Iyears

6months.

3months

3months,

30months, not

clearly described

Atdischarge and

at6months.

<3months after
discharge

6months.

1 months after
aciclovir

discontinuation

Atdischarge

Atleast 6months

after discharge

Lyear

90days, 6, 12 and
24months

Unknown

Discharge, 3, 6 and

12months

6months

At discharge and
after 6-12months

30, 60days and

Iyear

12and 24months

6and 12months

na.

At90days after
ICU discharge (47,
48)

Atdischarge and
after 3months (49)

Median 37~
62years

Median 1 (IQR
0-2) months

Not specified

No follow-up

In hospital and

after 3years

At discharge, no

follow-up

At discharge

Atdischarge, no

follow-up

No follow-up

1,3and 6months

Discharge and

after 3years

12months (61)
Median
39.5months (60)

Discharge, 1, 3 and

6months

No follow-up

Atleast 6months

na.

Atdischarge, no

follow-up

Atdischarge, 1 and

3months

1,2and 5years
before study
inclusion and up
0 12years
thereafter

After median
29years

Atdischarge

In-hospital, after

Lyear

Definition of poor/
unfavourable/
adverse outcome
or measures of
outcome

GOSs 1-2¢

Moderate or severe sequelaes
motor, speech, memory or
seizure disorder, supportive

care or death

Moderate or severe sequelae:
motor, speech, memory or
seizure disorder, supportive
care or death (24)

Prolonged course (no
neurological improvement
after 14days of aciclovir

treatment) (26)

Poor: needs continuous care,
athome or in an institution,

ordeath

mRS >3

Death, discharge to long-
term facility, major

impairment or Rankin scale

score>3
GOs 1-2*
KPSS

Poor (death or sequelae) or
favourable outcome not

dlearly defined

Severe sequelac or fatality

GOs.

MDRS

Death or survivors

sequelae

mRS 3-5, persistance

sequelae

GOS3-5

mRS 3-6

Mortality

mean mRS

Mortality, GOS <5

mRS 3-6, GOS, EQ-5D,

cognitive assessment

Mortality, discharge to
hospice and rate of ICU

admission

mRS 3-6 (47, 48)
mRS 24 (49)

All-cause mortality cancer,

epilepsy, health

ion, poor social
functioning; death or severe
disability (receipt of
disability pension, nursing

‘home, dementia)

Mortality, recovery with
sequelac/ongoning
symptoms

Need for assistance by
another person, disability, or
death at discharge
Favourable: resumption of
professional activity identical
o previous activity (full

recovery)

Mild or severe course and
good outcome (complete:
recovery) or poor outcome
(severe sequelae)
In-hospital mortality (11)
GOS 1-4at follow-up after
3years (7)

GOS 1-4

na.

In-hospital mortality and
neurological sequelae at

discharge

Acute disease severity
(encephalitis versus
)

meningi

Acute disease severity

(encephalitis and meningi

versus other manifestation)

GOs<5

GOS and neurological
sequelae (61)
Cognitive impairment (60)

In-hospital mortality and
neurological sequelae (not

further specified)

Acute disease severity

Description of clinical course

mRS >2

na.

Death or any neurological

sequelac at discharge

GOs <5

Mortality or incomplete
recovery (any persistent

symptom or sequelac)

Fair (any symptom of pain or
cranial nerve involvement)
or poor prognosis (cognitive
impairment, disturbance of
consciousness, multiple
cranial nerve involvement,

death)

mRS >2

Outcome

14% mortality at 6months
19% GOS 2-3

21% GOS 4

48% GOS 5 (only 1/20
asymptomatic and normal
neurological examination)
15% mortality

65% favourable (GOS 3-5,
14% complete recovery)
35% poor

17% mortality

61% good (39% complete
recovery)

39% poor

11% mortality

58% good (31% complete
recovery) 42% poor
Prolongedcourse n=8 (3

death, 1 severe sequelac)

29% mortality
44% good (mild to
‘moderate outcome)

56% poor

8.6% mortality
71% good
29% poor

5% mortality
53% favourable
47% poor

33% mortality
55% good
45% poor (GOS 4-5)

Immunocompromised:
26% mortality, lower CSF
cell count, significantly
Tower KPSS;
immunocompetent: 7%
mortality

1% mortality

32% favourable

68% poor

8% fatality

73% favourable (23%
complete recovery)
27% poor

14% mortality
43%GOS 5

21% GOS 4

21% GOS 3

5% Mortality
At12/24months:

86/90% no or mild
impairment (121-144)
14/11% moderate/severe/
very severe impairment
(<121)

10% mortality

47% favourable

53% unfavourable

30% mortality
Outcome 1 year:
16% poor

32% complete recovery

48% favourable (34%
complete recovery)
52% poor

Discharge: HSV1 64%,
HSV256%

6-12months: HSV1 31%,
HSV244%

Mortality 8.3, 113 and
18.6%

Mean mRS 2 (IQR 1-3) at
6/12months

27% developed AE within
2months after HSV

encephalitis

6% mortality
61% poor outcome
6months:

3.1% mortality, 36.8% mRS
52

11.1% mortality, 44.8%
MRS >2

8.8% mortality
4.2% discharge to hospice
59.9% ICU admission

Jaquet etal. (47)

17% mortality

71% poor (mRS 3-6)
Sarton etal. (48)

129% mortality

69% poor
Montmollin et al. (49)
14% mortality

37% poor at discharge
24% poor at 3months

One-year absolute excess
mortality rate: 19% HSV1
and 2% HSV2

Mortality rate ratio: 10.9
HSV1 and 8.4 HSV2

24% Mortality
56% recovery with sequelae
20% full recovery

12% Mortality
49% favourable (42%
complete recovery)

51% poor

0% Mortality
Poor outcome: HSV 50%,
VZV 29%

Mortality: VZV 15%, HSV.
5% (in hospital)

Full recovery: HSV 14%,
VZV 33%

Adverse clinical outcome in
HSV 12.5% (mortality 0%),
and VZV 33% (mortality
6%)

Remission: HSV 27%, VZV.
20%

Mild-to-moderate
disability: HSV 73%, VZV
80%

Poor HSV1 27%, HSV2 0%
and VZV 7%, mortality not
specified

3% mortality, no further

data on outcome

4% mortality
68% with persisting
neurological complications

at 1 month

15% mortality

45% with persistent
neurological signs at
discharge; 41% GOS 3-4
and 41% with GOS 5 after
Syears

Al patients with GOS 4 or
5 (encephalitis 71% with
0%
with sequelae, neuropathy

sequelae, meningi

80% with sequelae) (61)

Mortality 0%
Neurological sequelae 7.9,
53,26,2.6%

7% mortality (only
encephalitis), favourable

outcome in all meningitis
and other enceph:
(not further defined)

Encephalitis: 1/18 died,
7/18 needed rehabilitation
(617 with severe
neuropsychiatric
symptoms)

3% mortality

71% complete recovery,
24% mild sequelae (mRS 1)

No mortality, no
neurological sequelae
0% mortality, 33% with

neurological sequelac

4,9and 11% mortality 69,
55 and 51% unfavourable
(at discharge, 1 and
3months)

12% mortality in VZV
cohort after 1 year and
increased risk of dementia

and epilepsy

Mortality: only CNS
group 36%

Unfavourable: 24%
‘meningitis, 82% CNS, 87%
PNS group

Good 78% fair 16%, poor
5% (only meningo-
encephaliis patients),

mortality not specified

25% mortality (in hospital),
after 1year 33% mortality,
22% significant disability
(mRS 3-5), 36% favourable
(MRS 0-2)

Prognostic factors/main
findings

t-Test:
Older age, stupor or coma before

acyclovir start, delayed treatment

start,abnormal nitial CT-scan with
worse outcome

Univariate analysis:

Low GCS and higher APACHE

score on admission
Multivariate analysis

Delay in aciclovir therapy >2d after
admission and SAPS I1 score >27 at
admission

Non-parametric test of hypothesis
CSF viral load not associated with

poor outcome.

Single and multiple logistic
regression analysis (24):
Older age, low GCS at ini

aciclovir, no administration of

ion of

corticosteroids
Mann-Whitney U test (25, 26)
Higher initial CSF IFNy and
maximum CSF IL6

associated with poor outcome

Lesions on initial CT associated

with prolonged course and
prolonged course associated with
poor outcome

Cox regression model:

CSF viral load and IgG levels not

associated

Uni- and multivariate analyses:
‘Age, serum albumin on admission,
duration of fever after initiation of

treatment

Non-parametric test of hypothesis
and uni- and multivariate analysis:
Dosage, duration or time between

onset and treatment not associated

with poor outcome

Univariate analysis:
Higher APACHE score, delay in
treatment, older age, RBC in CSF;

CSF viral load not associated

Multivariate linear regre

n
model:

Lower CSF cell count, delay in

treatment initiation,

Fisher test:
Older age, fever (>38°),
disorientation, abnormal early CT

Univariate analysi

Duration of disease before
admission, extent of brain
involvement on admission MRI
Spearman’s rank correlation:

Initial brain imaging not predictive

of risk for brain herniation

Multivariable linear regression
models:

Valaciclovir follow-up treatment not
beneficial (34)

CSF neurofilament, age and
presence of CSF anti-NMDAR IgG
(36)

Multivariate model:

Age, male sex, low GCS (<5) and
time from onset to treatment of
>2days (37)

Clinical presentation with
encephalits, length of hospital stay
8)

na.

Uni- and multivariate analys

Epileptic seizures and severe EEG
abnormality at admission;

No association with age, MRI
lesions, time to aciclovir treatment
Uni- and multivariate analysis
Older age, coma, restricted diffusion
on MRI and aciclovir started after
first day of admission

No association with seizures, focal

deficits,

abnormalities or
location or extension of FLAIR/T2

abnormalities

Uni- and multivariate analyses
Older age, presence of comorbidity

(Charlson comorbidity index >1)

Multivariate logistic regression
analysis
Shorter interval (3 weeks) to

detection of AE

associated with risk of AE

na.

Logistic regression:
Older Age associated with ICU
admission and increased risk of
death and discharge to hospice

Uni- and multivariate logistic

regression model:
Body temperature > 38.3°C at
admission, need for mechanical
ventilation, MRI with >3 brain lobes
affected; direct ICU admission
protective (47)

FLAIR >3 lobes involved,
age>60years, DWI in left thalamus,
SAPS >34 (45)

Initial CSF HSV PCR negative (19)
Survival analysis and mortality rate
ratio and incidence rate ratios
Increased risk of death in the first
year after HSV CNS infection
Increased risk of dementia in the
first years after HSV1 (4.6% 5-year
risk)

na.

Logistic regression analysis:

EEG with status epilepticus,
persisting confusional state, aphasia
or impaired consciousness after
5days of evolution, 8 days ICU
stay, admission-to-MRI delay

Non-parametric test of hypothesis:
No correlation of viral load and

outcome.

Logistic regression:

Poor long-term outcome associated

with comorbidities, age,level of

education and HSV (7)

Logistic regression:
Comorbidities (Charlson
comorbidity score>1) and

encephalitic course

Non-parametric test of hypothesis:
Encephalitis more common in
HSV1 with poor prognosis
compared to HSV2 and VZV at
discharge

Non-parametric test of hypothesis:
Higher VZV DNA CSF load in

encephalitis versus mening;

Non-parametric test of hypothesis:
Higher VZV DNA levels in

‘meningitis/encephalitis versus

cranial neuropathies or

encephalopathy or stroke

na.

Non-parametric test of hypothesis,
Spearmans rank

CSF NEL, GEAp, §-100p not
associated with outcome (61)

More frequent cognitive
impairment in the domains of speed
and attention, executive function,
and learning and memory

compared to control group (60)

na.

Non-parametric test of hypothesis,
Kendall's correlation
Higher VZV DNA load in CSF and

older age in encephalits patients

na.

Binary logistic regression model:
Immunosuppression associated with
acute severity, but not prognosis
Shorter latency between herpes
zoster and neurological symptoms.
associated with unfavourable
outcome

na.

Exact logistic regression:
Age

Poisson regression:

GCS <15, age (>75 years), vasculitis

Logistic regressio

Immunosuppression and
comorbidity (Charlson comorbidity
index 21) associated with increased
isk of VZV DNA detection in CSF
Multiple logistic regression

Older age, prior-to-infection mRS,
CNS and PNS affection

Multivariate logistic regression:
Worse outcome with >1.5 d to

intravenous aciclovir

Multivariable analysi

Age, invasive mechanical ventilation

AE, autoimmune encephalits; APACHE, acute physiology and chronic health evaluation score; CNS, central nervous system; CSF, cerebrospinal fluids EEG, electroencephalography; FLAIR, flud-attenuated inversion recovery; GOS, Glasgow outcome score; HSY,

herpes simplex virus; ICU, intensive care unit; INFy, interferon gamma; IgG, immunoglobulin G; IQR, interquartile range; KPSS, Karnofsky performance status scale; MDRS, Mat
data not available; NMDAR, N-methyl-D-aspartate receptor; SAPS, simplified acute physiology score; VZV, varicella zoster virus. 'Given range or as indicated, *Despite c

Scale; na.,

reverse order; for clarity we use the usual and initially described order of the score (73).

Dementia Rating Scale; MRI, magnetic resonance imaging; mRS, modified Rankin
ng the original description of the GOS in the publication, the score has been used in
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GCS (median and Seizures/ Mechanical Patients Time from Abnormal DWI Bilateral >3 lobes

range) or level of status ventilation from study admission to MRI in MRI abnormalif involved
consciousnesson  epilepticus with MRI Median' days (IQR)
admission
silietal. (32) Somnolence, stupor or 55% na. 106/106* na. 95% na. na. 20% “Extensive” 17%
coma in 35%
Kalita etal. (39) <13in93% 83%/48% na. 40/40 na. na. na. na. 78% na.
<8in 60%
Kim etal. (10) Mean 13 (range 5-15) 55% na. 25/29 Mean 2.8 (range 0-7) na. 64% 59% 27%
Jordan etal. (55) Somnolence, sopor, coma 67% 20% 15/15 Within 48h 87% 80% 90% 53%
in73%

Singh etal. (41) 14(10-15) 47%/13% 36% 40/45 201-85) 95% 50% 42%
Bewersdorf etal. (44) na. 22% na. 1818 Mean 5.5 (range 1-16) 94% 94% 65% 1%
Jaquet etal. (47) 9(6-12) 36%/10% 62% 2251259 3(1-9) 98% 62% 3%
Sarton etal. (45) 9(6-12) 70%/46% 69% 138/138 3(1-8) 99% 98% 8% 36% 38%
Mulatero etal. (52) na. 21%/11% 3% 76/76 Mean 5.8 (+8.2) na. na. na. na. na

a, data not available; *of the 106 patients includeds 55 had positive CSF HSV PCR, 25 had negative CSF HSV PCR and 26 were not tested for CSF HSV by PCR; 'Median, if not otherwise indicated.
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