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Abstract 

Background  Herpes simplex virus (HSV) infections of the central nervous system (CNS) are associated with high 
morbidity and mortality. Prompt recognition and antiviral treatment are critical to improve patient outcomes. This 
systematic review of the literature aimed to aggregate the symptoms described with HSV infections of the CNS which 
may provide a framework to aid in early diagnosis.

Methods  This review was registered (PROSPERO; CRD42022366036) and adheres to PRISMA guidelines. MEDLINE, 
Embase, and Cochrane databases were systematically screened for studies including adult patients with HSV infec-
tions confirmed by histopathology or polymerase chain reaction. Demographics, clinical characteristics, diagnostics, 
and outcomes were assessed.

Results  Of 21 studies from 18 countries describing 1605 patients, the most frequently reported symptoms were 
fever (75%), headache (65%), neck stiffness (55%), and language/speech abnormalities (41%). Other common symp-
toms included seizures (36%) and gastrointestinal issues (35%). Information regarding a combination of symptoms 
was not provided. Diagnostics often included lumbar puncture and magnetic resonance imaging, revealing tempo-
ral lobe abnormalities in 88%. While mortality was 13%, 72% of survivors had good neurological outcomes. The risk 
of bias was high in most studies.

Conclusions  Fever, headache, neck stiffness, and language/speech abnormalities were frequently reported clinical 
findings in patients with proven HSV infection of the CNS. Despite limited evidence, these symptoms warrant a high 
index of suspicion, prompting early empiric antiviral therapy, especially when alternative diagnoses lack strong sup-
port. The predictive value of these symptoms and their combination for diagnosing HSV infection of the CNS should 
be further investigated, as they could accelerate diagnostics and treatment.
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Background
Herpes simplex virus (HSV) infections of the central 
nervous system (CNS) are associated with high morbidity 
and mortality [1–3]. HSV encephalitis, the most severe 
form of CNS involvement, can lead to devastating neuro-
logical outcomes and death if not adequately treated.

Early intervention with antiviral therapy is critical 
for mitigating these outcomes [4, 7, 8], making timely 
diagnosis and treatment pivotal. Research has consist-
ently shown that one of the most critical determinants 
of patient outcomes is the interval between symptom 
onset and the initiation of antiviral treatment [4, 5, 7, 
8]. However, diagnosing these infections can be chal-
lenging due to the highly variable and often nonspecific 
clinical presentation [5, 6, 9]. Patients may present with 
a range of signs and symptoms, including fever, altered 
mental status, seizures, or focal neurological deficits. 
These manifestations often overlap with other neurologi-
cal disorders, such as autoimmune encephalitis, bacterial 
meningitis, or stroke, further complicating the diagnos-
tic process [9–11]. As a result, delays in initiating appro-
priate antiviral therapy are not uncommon, potentially 
worsening clinical outcomes [4, 7, 8].

To address these challenges, experts in the field have 
proposed categorizing clinical signs and symptoms of 
HSV-related CNS infections into typical and atypical 
presentations [5]. However, the underlying body of evi-
dence supporting this categorization remains limited. 
To bridge this gap, we conducted a systematic review to 
aggregate and analyze the clinical presentations reported 
in patients with confirmed HSV infections of the CNS as 
documented in the literature. Our objective was to iden-
tify the types and frequencies of symptoms and clinical 
findings associated with these infections, ultimately sup-
porting healthcare providers in identifying key clinical 
features that should raise suspicion for HSV infections 
early in the disease course, thereby facilitating timely 
diagnosis and treatment.

Methods
Registration and reporting
This systematic review was registered on PROSPERO 
prior to the start of the screening process (PROSPERO 
2022 CRD42022366036; https://​www.​crd.​york.​ac.​uk/​
prosp​ero/​displ​ay_​record.​php?​ID=​CRD42​02236​6036).

Results are reported according to the PRISMA guide-
lines (http://​www.​prisma-​state​ment.​org).

Screening and data extraction
The digital databases MEDLINE (via the Ovid inter-
face), Embase, and Cochrane were searched using a 
predefined search strategy. Details regarding the search 

strategy for each database are presented in Supplemen-
tary Table  1. The search results were systematically 
screened for inclusion by two reviewers (PG and TD) 
based on pre-defined inclusion and exclusion crite-
ria. The definite inclusion of pre-selected studies was 
decided through a joint consensus between two review-
ers (PG and RS). Studies meeting the following inclu-
sion criteria were included in this systematic review:

1)	 Inclusion of adult patients (i.e., age ≥ 16 years)
2)	 Diagnosis of HSV infection either by histopathology 

from brain tissue (biopsy or autopsy) or by polymer-
ase chain reaction (PCR) from cerebrospinal fluid 
(CSF)

3)	 Number of included patients > 10
4)	 Publication language English.

For studies including both pediatric and adult 
patients, data were only included in our review if the 
specific symptoms could be allocated to the individ-
ual patients or to the adult subgroup. Data regarding 
demographics, clinical, and neuroradiologic charac-
teristics were extracted using a standardized data col-
lection form. Details regarding inclusion and exclusion 
processes are outlined in Fig. 1.

Assessment of the level of evidence
The level of evidence was assessed for each study using 
the approach proposed by the Grading of Recommen-
dations, Assessment, Development and Evaluation 
(GRADE) Working Group [12].

Risk of bias assessment
The risk of bias for each study was evaluated using the 
Risk Of Bias In Non-randomized Studies—of Expo-
sure (ROBINS-E) tool [13], which is designed for the 
assessment of non-randomized studies. This tool was 
expanded by the authors to include the following four 
additional bias domains deemed particularly relevant 
to the selected studies: recall bias (errors in memory 
recall or selective reporting by patients and/or physi-
cians regarding signs and symptoms of HSV infection), 
misclassification bias (incorrect classification of study 
participants), interobserver bias (variability in meas-
urements or interpretations across different observers), 
and temporal bias (the influence of the timing of data 
collection on study outcomes). For temporal bias, a 
study period exceeding four years was, albeit somewhat 
arbitrarily, considered to represent an increased poten-
tial risk.

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022366036
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022366036
http://www.prisma-statement.org
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Results
 Screening and origin of studies
Of the 8572 studies screened, 21 met our inclusion crite-
ria, comprising a total of 1605 patients. The main results 
regarding study design, demographics, microbiologic 
workup, and symptoms are outlined in Tables 1 and 2. All 
studies are retrospective in design, and the vast major-
ity originate from Europe and North America. While 
28.6% of studies included less than 20 patients each [10, 
14–18], 14.3% of them comprised more than a hundred 
individuals [2, 19, 20]. The oldest study dates from 1982 
[21], using brain biopsy or autopsy for detection of HSV, 
while the remaining 20 papers were published within 
the last 21 years and HSV infection was confirmed by 
PCR from CSF. Of the 13 studies that reported the type 
of HSV [2, 3, 8–10, 16–18, 21–25], two included HSV-2 
positive patients only [22, 25], while eight reported indi-
viduals who were exclusively or predominantly infected 
by HSV-1 [2, 8–10, 16, 17, 21, 24]. Twelve out of the 
21 studies reported on the patients’ immune status [1, 

3, 8, 9, 14, 17–19, 22, 24–26], with a median of 8.4% 
(interquartile range [IQR] 4.6–23.6%) of patients being 
immunocompromised.

Clinical signs and symptoms
Figure  2 summarizes the six most frequently described 
clinical signs and symptoms from the literature. In more 
detail, the most frequent symptoms and signs were fever, 
as reported in 18 studies [1–3, 6, 9, 10, 14, 16–21, 23–
27], with a median frequency of 75% (IQR 62.2–82.9%), 
headache, as mentioned in 16 studies [1–3, 8–10, 14, 
16–19, 21–23, 25, 27], with a median frequency of 65.1% 
(IQR 37.6–88%), and neck stiffness, as presented in 10 
studies [1–3, 6, 9, 16, 18, 19, 22, 23], with a median of 
54.5% (IQR 26.8–63.1%). Language/speech abnormali-
ties were described in 10 studies [2, 9, 10, 15–17, 20, 21, 
24, 27] (median 40.7%, IQR 33.8–49.3%), seizures in all 
but one study [25] (median 35.7%, IQR 18.6–51.1%), and 
gastrointestinal problems (i.e., nausea and vomiting) 
in 12 investigations [1, 3, 6, 8, 9, 16, 18, 21–23, 25, 27] 

Fig. 1  Flow chart. Legend: PCR, polymerase chain reaction
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(median 34.9%, IQR 30.2–54.3%). Less commonly men-
tioned symptoms were photophobia [1, 6, 8, 18, 21–23, 
25] (median 26.4%, IQR 7.2–45.4%), focal deficits [1, 2, 6, 

8, 9, 14, 16, 18, 19, 21, 23, 26] (median 14.1%, IQR 10.5–
42.9%), altered mental status [1, 3, 14, 16, 19, 23], altered 
consciousness [2, 9, 15, 22, 27], confusion [8–10, 21, 24], 

Table 1  Overview of demographics

NR Not reported, SD Standard deviation, IQR Interquartile range, PCR Polymerase chain reaction

Study Year Geographical 
origin

Number of 
HSV-positive 
patients 
reported

Age (years) Sex 
female 
(%)

HSV type Diagnostic 
proof

Immunosuppression 
(%)

Retrospective/multicenter

  Cag et al. [2] 2016 Europe/Mid-
dle East/North 
Africa

496 Median 50.5, 
IQR 33.3–63

53.6 351 HSV-1, 
83 HSV-2, 62 
not specified

PCR NR

  De Montmollin et al. [19] 2022 Europe 273 Median 64.6, 
IQR 55.5–73.7

49.8 NR PCR 12.1

  Poissy et al. [20] 2009 Europe 184 Median 58 44.6 NR PCR NR

  Kaewpoowat et al. [16] 2016 North America 80 Median 40.5, 
range 18–82

62.5 NR PCR 6.3

  Chow et al. [19] 2015 North America 60 Mean 56.8, 
SD 19.2

50 57 HSV-1, 3 
HSV-2

PCR 0

  Omland et al. [22] 2008 Europe 49 Median 39, 
IQR 33–45

77.6 0 HSV-1, 49 
HSV-2

PCR 6.1

  Gennai et al. [6] 2016 Europe 36 Median 60, 
IQR 55–73

61.1 NR PCR NR

  Afonso et al. [23] 2007 North America 20 Median 
about 40

majority 
female

1 HSV-1, 19 
HSV-2

PCR NR

Retrospective/monocenter

  Moon et al. [3] 2014 Korea 95 Median 34, 
range 16–85

54.7 21 HSV-1, 74 
HSV-2

PCR 6.3

  Mulatero et al. [24] 2022 France 76 Mean 55, 
range 16–92

51.3 72 HSV-1, 4 
HSV-2

PCR 10.5

  Singh et al. [8] 2016 North America 45 Median 66, 
IQR 53.5–78

71.1 33 HSV-1, 
9 HSV-2, 3 
not specified

PCR 22.2

  Tan et al. [26] 2012 North America 29 Mean 55.1, 
SD 16.1, 
range 26–79

51.7 NR PCR 48.3

  Miller et al. [25] 2013 North America 28 Mean 38,  
SD 19–55

78.8 0 HSV-1, 29 
HSV-2

PCR 0

  Babaei et al. [27] 2021 Middle East 21 Mean 62.2 42.8 NR PCR NR

  Esiri et al. [21] 1982 Europe 21 Mean 45.9, 
range 18–81

61.9 21 HSV-1, 0 
HSV-2

brain 
biopsy 
or autopsy

NR

  Bewersdorf et al. [14] 2019 Europe 18 Median 54.7, 
range 20–90

50 NR PCR 27.8

  Studahl et al. [15] 2009 Europe 17 Mean 57.8, 
range 32–90

41.2 NR PCR NR

  Basaran et al. [16] 2019 Europe 16 Mean 53.37, 
SD 16.59

62.5 16 HSV-1, 0 
HSV-2

PCR NR

  Alessandro et al. [17] 2018 South America 16 Median 38, 
range 22–84

31.1 9 HSV-1, 5 HSV-2, 1 
both, 1 not speci-
fied

PCR 0

  Momméja-Marin et al. [18] 2003 Europe 13 Median 37, 
range 29–77

38.5 7 HSV-2, 6 
not specified

PCR 100

  Oyanguren et al. [10] 2013 Europe 12 Mean 67.8 58.3 12 HSV-1, 0 
HSV-2

PCR NR
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Table 2  Overview of reported symptoms

NR Not reported, GI Gastrointestinal

Study Symptoms (%)
Fever Headache Neck stiffness Language/

speech 
abnormalities

Seizures GI symptoms Photophobia Focal deficits

Retrospective/multicenter

  Cag et al. 78.4 67.7 63.1 22 19.8 NR NR 1.4

  De Montmollin et al. 83.9 33.7 6.6 NR 34.7 NR NR 14.3

  Poissy et al. 85 NR NR 47.3 36.7 NR NR NR

  Kaewpoowat et al. 50 91.3 61.5 NR 5 68.4 43.2 13.8

  Chow et al. 80 51.7 32.1 33.3 54.5 36.5 NR 10.3

  Omland et al. NR 87.8 71.4 NR 2 59.2 44.9 NR

  Gennai et al. 69.4 NR 19.4 NR 50 27.8 5.6 55.6

  Afonso et al. 75 84.2 63.1 NR 15 52.6 78.9 10.5

Retrospective/monocenter

  Moon et al. 60 88.4 47.4 NR 10.5 65.3 NR NR

  Mulatero et al. 51.3 NR NR 43.3 21.1 NR NR NR

  Singh et al. NR 22.2 NR NR 46.7 31.1 4.4 40

  Tan et al. 79.3 NR NR NR 58.6 NR NR 51.7

  Miller et al. 51 100 NR NR NR 31 47 NR

  Babaei et al. 90.5 61.9 NR 38.1 61.9 33.3 NR NR

  Esiri et al. 52.4 28.6 NR 33.3 57.1 4.8 9.5 23.8

  Bewersdorf et al. 72.2 38.9 NR NR 22.2 NR NR 72.2

  Studahl et al. NR NR NR 35.3 58.8 NR NR NR

  Basaran et al. 75 62.5 25 68.8 43.8 25 NR 12.5

  Alessandro et al. 68.8 87.5 NR 50 31.3 NR NR NR

  Momméja-Marin et al. 92.3 100 76.9 NR 0 46.2 7.7 0

  Oyanguren et al. 91.7 25 NR 66.7 41.7 NR NR NR

Fig. 2  Percentage and IQR of most frequently reported signs and symptoms of HSV infection of the CNS. Legend: HSV, herpes simplex virus; CNS, 
central nervous system; IQR, interquartile range
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disorientation [2, 15, 16, 20], behavioral [6, 20, 27] and 
personality change [2, 21], hallucinations [2, 9], sensory 
impairment [17], meningeal syndrome [24], meningeal 
symptoms [17], psychosis [9], psychiatric symptoms [17], 
drowsiness [24], agitation [24], ataxia [9], encephalopa-
thy [26], and memory impairment [3]. Details on the fre-
quency of those less commonly reported symptoms are 
compiled in Supplementary Table 2.

Due to the retrospective nature of included studies 
coupled with a paucity of detailed information regard-
ing the co-occurrence of specific clinical signs and 
symptoms, analysis of the potential predictive value for 
specific symptom clusters in diagnosing HSV infection of 
the CNS was precluded.

Information on diagnostics, treatment measures, 
and outcomes
Further information regarding results from diagnostic 
workup and outcomes are summarized in Table 3. Most 
studies describe results from lumbar puncture. Remark-
ably, normal white blood cell counts are reported in 5% of 
patients (IQR 0–15.7%). Nine out of the 21 studies con-
tain information on magnetic resonance imaging (MRI) 
of the brain [1, 2, 6, 8–10, 14, 16, 26]. It was performed 
in 92.8% of patients (IQR 87–98.6%), with three percent 
(IQR 0–20.8%) having an unremarkable MRI. If MRI 
abnormalities were present, they mostly affected the tem-
poral region (87.5%, IQR 78.1–93.5%).

In eight studies reporting the performance of an elec-
troencephalogram (EEG) [1, 2, 8, 14, 16, 17, 22], a median 
of 81.7% (IQR 45.2–95.4%) of patients received an EEG, 
with a median of 56.3% (IQR 48.4–89.1%) being abnor-
mal. Of note, the description of EEG abnormalities was 
very heterogeneous.

While 15 studies provide detailed information on the 
administration of antimicrobial drugs, data regarding 
the time from first symptoms to the initiation of medical 
treatment was analyzed in only four studies [17–19, 26], 
with very heterogeneous results describing a range of 0 
to 55 days between symptom onset and the start of HSV-
specific treatment.

Information on outcomes is found in all but three stud-
ies [6, 9, 10]. Overall, 13% of patients died (IQR 0–20.1%). 
Among survivors, 72.1% (IQR 51.6–89.3%) were reported 
to have a good neurological outcome with no or minor 
sequelae.

Level of evidence and risk of bias
The results of the GRADE assessment are compiled in 
Supplementary Table  3. The overall certainty was very 
low to low with only two studies reaching a moderate 
certainty.

Supplementary Table  4 outlines the most pertinent 
potential biases identified in the included studies, 
which are inherently associated with their retrospective 
and observational design. The most frequently observed 
potential biases were selection bias, confounding bias, 
and recall bias, with temporal bias also being an issue 
in many cases. Due to the high risk of these potential 
biases, the overall quality of evidence is considered to 
be low.

Discussion
In this systematic review of the literature including 1605 
adult patients from 18 countries and four continents 
with proven HSV infections of the CNS, we focused on 
clinical signs and symptoms while applying rigorous pre-
defined inclusion criteria for diagnosis (via PCR from 
CSF, brain biopsy, or autopsy). While this restriction to 
include cases with histologically or PCR-confirmed HSV 
infection of the CNS led to the exclusion of a considera-
ble number of studies (n = 133, i.e., 15% of the 861 theme-
related studies initially identified, see Fig. 1), it ensures a 
high level of diagnostic accuracy and improves the qual-
ity of our systematic review.

The most frequently described clinical signs and 
symptoms identified in our review are rather unspe-
cific, including fever, headache, and neck stiffness, as 
compiled in Fig.  2. Even though seven studies included 
patients presenting with signs and symptoms indicative 
of possible meningitis [1–3, 18, 22, 23, 25], this symptom 
was also reported in several studies claiming to present 
a cohort of patients with encephalitis [6, 9, 16, 19]. This 
finding suggests that HSV and/or its associated inflam-
matory response may extend beyond the brain to involve 
the adjacent meninges.

Since HSV has a predilection for the temporal lobes [9, 
21], the frequent appearance of language/speech abnor-
malities does not seem surprising. Similarly, the relatively 
high incidence of epileptic seizures seems more than 
plausible and underscores the high susceptibility of the 
temporal region and the limbic system to epileptic sei-
zures, particularly in the presence of structural abnor-
malities or irritation. While seizures were reported in all 
but one study with a median of 35% of patients affected, 
transformation into status epilepticus was only described 
in two studies [8, 24] with a frequency of 13.3–18.4%. 
Since recognizing non-convulsive or subtle status epi-
lepticus is challenging [28, 29], underdiagnosis and 
underreporting seems more than likely [30] and calls for 
heightened clinical awareness in this context.

Our findings are mostly in line with a prior opinion 
paper by Rabinstein, suggesting the symptoms of head-
ache, fever, confusion, language difficulties, focal deficits, 
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and seizures as typical manifestations of HSV encepha-
litis in adult patients [5]. In contrast to Rabinstein, our 
systematic review identified additional signs of meningi-
tis, such as neck stiffness and photophobia. However, the 
author did not provide evidence for the categorization 
of symptoms as typical or atypical nor did he base these 
claims on a systematic review of the literature. Further-
more, he did not focus exclusively on confirmed cases of 
HSV infection of the CNS (i.e., by PCR or brain biopsy), 
which presents a major limitation.

A clear differentiation in the clinical presentation 
between monophasic and recurrent forms of HSV infec-
tions of the CNS—two distinct yet potentially overlap-
ping entities—could not be conclusively established 
based on the findings of our review. Available yet lim-
ited evidence indicates that monophasic infections are 
commonly characterized by the acute onset of fever, 
headache, altered mental status, and focal neurological 
deficits. Conversely, recurrent infections, particularly 
HSV meningitis, may present with milder symptoms 
compared to the initial episode, potentially reflecting the 
involvement of complex immune-mediated mechanisms 
[31]. Nevertheless, the scarcity of larger studies cen-
tered on this distinction underscores the need for further 
research to elucidate these clinical differences. Similarly, 
the studies identified a lack of sufficient data to synthe-
size the clinical manifestations and severity of HSV infec-
tions involving myelitis or radiculitis. This is a significant 
limitation, as these presentations may exhibit distinct 
features and require specific diagnostic and therapeu-
tic approaches. Limited reports suggest HSV-2 is more 
commonly associated with myelitis and radiculitis [32]. 
HSV-2 myelitis may present with acute back pain, rapidly 
ascending flaccid paralysis, sensory deficits, and auto-
nomic dysfunction, such as urinary retention and con-
stipation, differing markedly from the HSV infections in 
our review. Diagnosis may be supported by MRI findings 
of spinal cord swelling and tractopathy, and CSF analysis 
showing pleocytosis and elevated protein. Outcomes can 
remain poor despite early acyclovir treatment [32].

Another important, yet underinvestigated aspect is 
that PCR-confirmed cases of HSV infections of the CNS 
tend to show less severe manifestations compared to 
biopsy-proven cases, as evidenced by a study of almost 
100 patients with HSV DNA-positive CSF, of which 17% 
had mild or atypical disease with slow progression and 
no focal findings even without antiviral therapy [33]. This 
likely reflects the higher sensitivity and specificity of PCR 
in detecting milder cases that might go undetected with 
biopsy. Additionally, biopsy-based studies often involve 
cohorts from the 1980s, the “pre-PCR era,” when clini-
cal awareness and treatment options were less advanced, 
acting as a potential confounder.

Due to the frequently nonspecific clinical presentation 
of patients and the absence of reported combinations of 
symptoms that would be inherently more specific, there 
is a significant risk of either a delayed or incorrect diag-
nosis of HSV infections of the CNS, leading to substantial 
delay in antiviral treatment. Unfortunately, exact infor-
mation regarding the time from symptoms onset to the 
start of antiviral medication was lacking frequently with 
the exception of four studies [17–19, 26]. In eight stud-
ies [1, 8, 10, 14, 16, 20, 24, 27], the time from hospital 
admission to the beginning of specific treatment is men-
tioned, ranging from 1 h to 6 days. The heterogeneity of 
information on the timing of antiviral treatment among 
the studies included in our systematic review does not 
allow any further conclusion as to what extent delayed 
or missed diagnosis may impact the clinical courses 
and outcomes. However, it seems more than likely that 
delayed treatment does not come without costs. Early 
initiation of acyclovir has been shown to reduce mortal-
ity to approximately 15% and improve neurological out-
comes as shown in a retrospective multicenter study that 
included 93 adult patients in whom HSE was diagnosed 
by PCR [4]. The clinical presentation of HSV encephalitis 
may overlap with other CNS infections and inflammatory 
conditions and the tests for definitive diagnosis (PCR or 
biopsy) may not yield immediate results. Additionally, 
early in the disease course, CSF findings can be nonspe-
cific, and neuroimaging may not yet show characteristic 
abnormalities. Given the potential for rapid progression 
and irreversible brain damage in HSV encephalitis, initi-
ating empiric acyclovir therapy while awaiting diagnostic 
confirmation is prudent. Acyclovir is generally well-tol-
erated, with nephrotoxicity as the main adverse effect, 
especially in patients with underlying renal impairment 
or receiving concurrent nephrotoxic agents [34]. Ade-
quate hydration and dosing adjustments mitigate this risk 
[34]. The benefits of early antiviral therapy outweigh the 
risks, leading the Infectious Diseases Society of America 
(IDSA) to recommend acyclovir for all suspected enceph-
alitis cases while awaiting diagnostic results [35].

Given the paucity of studies systematically evaluating 
the emergence and predictive value of specific symptom 
clusters for diagnosing HSV infection of the CNS, further 
research is warranted. We found only one study perform-
ing risk analyses and attempting to develop a score on the 
initial clinical presentation of infected patients [6]. Since 
additional workup involving CSF analysis and neuroim-
aging is time-consuming and may delay not only diagno-
sis but also treatment, there is a need for further research 
regarding rapid and reliable diagnostic methods for HSV 
CNS infection based on specific clinical signs and symp-
toms. Furthermore, there is evidence that PCR might be 
negative in up to four percent of patients in the first few 
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days of infection, so a multimodal approach comprising 
clinical signs and symptoms in addition to MRI and CSF 
results seems important to better assess the risk of infec-
tion and to avoid delays in treatment [19]. As a first step, 
future research should focus on evaluating the predictive 
value of models derived from the most frequent clinical 
signs and symptoms identified in this review.

While the focus of our review centered on the clini-
cal presentation, we also collected information on diag-
nostics, treatment, and outcome of patients with HSV 
infections of the CNS, where provided. In line with the 
literature, cerebral MRI was commonly performed and 
revealed temporal lobe abnormalities in eight out of 10 
patients [5, 36, 37]. However, the interpretation and 
reporting of MRI findings varied significantly. The same 
holds true for EEG findings; thus, no further analyses 
were possible.

Mortality rates and neurological outcomes varied 
among studies, reflecting differences in patient popula-
tions, disease severity, and possibly treatment practices. 
The overall mortality rate of 13% observed in our review, 
however, falls within the range found in the literature [4, 
5, 8, 38]. Additionally, the 72% of survivors in whom the 
neurological outcomes were described as “good” (charac-
terized by no or minor sequelae) is also consistent with 
previous reports, suggesting that a substantial proportion 
of patients can recover with no or limited long-term defi-
cits if treated early [4, 5, 8, 38].

Strengths and limitations
This systematic review leverages several strengths. First, 
we employed a predefined search strategy aligned with 
the current PRISMA guidelines, ensuring comprehensive 
and unbiased identification of relevant studies and a care-
ful assessment of several biases. Second, by restricting 
our analysis to studies investigating adult patients with 
histologically or PCR-confirmed HSV infections of the 
CNS, we ensured a high degree of diagnostic certainty. 
This methodological rigor strengthens the internal valid-
ity of our review and minimizes the potential for bias 
introduced by studies with less stringent diagnostic crite-
ria. Third, our analysis encompasses a substantial dataset 
of 21 studies (n = 1605 adult patients), spanning patients 
from 18 countries across 4 continents. This broad geo-
graphic representation enhances the generalizability of 
our findings.

Our review has several limitations, such as the retro-
spective observational design of the included studies that 
result in a high risk of bias and a low level of evidence. 
In addition, it is important to note that the vast major-
ity of studies originate from Europe and North America, 
potentially limiting the generalizability of our results. 

Furthermore, the sample sizes of the included studies 
were highly variable, with more than a quarter of the 
studies including fewer than 20 patients. This variability 
could introduce additional bias and further affect the reli-
ability of our findings. To mitigate this issue, we excluded 
case series (i.e., presenting less than 10 patients), aiming 
to enhance the robustness of our estimates.

A major limitation may come from the fact that most 
studies did not systematically assess clinical signs and 
symptoms as their main objective, resulting in hetero-
geneous assessment and reporting, as well as a potential 
recall bias. Lastly, our review was restricted to studies 
published in English, which might have led to the exclu-
sion of relevant studies in other languages. However, 
given the predominance of English in scientific literature, 
we do not consider this as a major limitation to the com-
prehensiveness of our systematic review. Furthermore, 
and as discussed in detail above, due to insufficient data, 
it was not possible to conclusively differentiate between 
monophasic and recurrent forms of HSV CNS infections 
or to synthesize the clinical manifestations and severity of 
infections involving myelitis or radiculitis. The scarcity of 
large studies regarding these distinct presentations under-
scores the need for further research to clarify clinical fea-
tures and inform diagnostic and therapeutic approaches. 
Finally, the restriction of our search of the literature to 
the three databases mentioned may pose a risk for an 
additional systematic bias. However, we believe that this 
potential bias is limited, as the screening of the three data-
bases fulfills the requirement for Cochrane reviews [39].

Conclusion
Our systematic review compiled common clinical signs 
and symptoms in a large number of adult patients from 
18 countries with histologically proven or PCR-confirmed 
HSV infection of the CNS. Fever, headache, neck stiffness, 
and language/speech abnormalities were the symptoms 
most frequently reported, followed by epileptic seizures, 
photophobia, and focal neurologic deficits. Despite a high 
risk of bias and limited evidence, these symptoms should 
prompt early empiric antiviral therapy, especially when 
alternative diagnoses lack strong support.

Symptoms such as neck stiffness and photophobia 
may misdirect clinicians and delay diagnosis and treat-
ment. Significant knowledge gaps remain, particularly 
the predictive value of specific symptoms and their 
clusters for diagnosing HSV infection of the CNS. As 
prediction models based on the symptoms compiled 
in our review could provide measures for accelerated 
diagnosis and treatment, future research should be cen-
tered on these areas. In the meantime, clinicians should 
maintain a high index of suspicion for HSV infections 
of the CNS and consider early empirical treatment.
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CSF	� Cerebrospinal fluid
PCR	� Polymerase chain reaction
IQR	� Interquartile range
MRI	� Magnetic resonance imaging
EEG	� Electroencephalogram

Acknowledgements
Not applicable.

Authors’ contributions
Pascale Grzonka: Major role in the acquisition of data, interpreted the data, 
and drafted the manuscript. Tamina Mosimann: Major role in the acquisition 
of data and revised the manuscript for intellectual content. Sebastian Berger, 
Simon A. Amacher, Sira M. Baumann, and Caroline E. Gebhard: Revised the 
manuscript for intellectual content. Gian Marco De Marchis: Designed and 
conceptualized the study. Tolga D. Dittrich: Major role in the acquisition of 
the data, designed and conceptualized the study, and revised the manuscript 
for intellectual content. Raoul Sutter: Major role in the acquisition of the data, 
designed and conceptualized the study, analyzed the data, and drafted the 
manuscript.

Funding
Open access funding provided by University of Basel This review was not 
funded.

Data Availability
The corresponding author has full access to all of the data in the study and 
takes responsibility for the integrity of the data and the accuracy of the data 
analysis. Data not provided in the article because of space limitations may be 
shared at the request of any qualified investigator for purposes of replicating 
procedures and results.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
Simon A. Amacher received grants from the Mach-Gaensslen Foundation 
Switzerland and the Nora van Meeuwen-Haefliger Foundation of the Univer-
sity of Basel, Switzerland, outside the present work. Gian Marco De Marchis 
received a speech honoraria from Medtronic. Tolga D. Dittrich was or is 
supported by the Swiss Heart Foundation, the science funds of the University 
Hospital Basel, and the Research Fund for excellent young researchers of 
the University of Basel. He holds shares from Johnson&Johnson, Roche, Lilly, 
Bristol-Myers Squibb, Merck, and Novo Nordisk. Raoul Sutter received research 
grants from the Swiss National Foundation (No. 320030_169379), the Research 
Fund of the University Basel, the Scientific Society Basel, and the Bangerter-
Rhyner Foundation. He received personal grants from UCB-pharma and holds 
stocks from Novartis, Sandoz, Roche, and Johnson & Johnson. Other authors 
declare that they have no competing interests.

Author details
1 Intensive Care Unit, University Hospital Basel, Petersgraben 4, Basel 4031, 
Switzerland. 2 Department of Anesthesiology and Critical Care Medicine, 
University Medical Center Freiburg, Freiburg, Germany. 3 Department of Neu-
rology, Cantonal Hospital, St. Gallen, Switzerland. 4 Department of Neurology, 
University Hospital Basel, Basel, Switzerland. 5 Medical Faculty, University 
of Basel, Basel, Switzerland. 

Received: 19 September 2024   Accepted: 13 February 2025

References
	1.	 Kaewpoowat Q, Salazar L, Aguilera E, Wootton SH, Hasbun R. Herpes sim-

plex and varicella zoster CNS infections: clinical presentations, treatments 
and outcomes. Infection. 2016;44(3):337–45.

	2.	 Cag Y, Erdem H, Leib S, Defres S, Kaya S, Larsen L, et al. Managing atypical 
and typical herpetic central nervous system infections: results of a multi-
national study. Clin Microbiol Infect. 2016;22(6):568 e9-e17.

	3.	 Moon SM, Kim T, Lee EM, Kang JK, Lee SA, Choi SH. Comparison of clinical 
manifestations, outcomes and cerebrospinal fluid findings between 
herpes simplex type 1 and type 2 central nervous system infections in 
adults. J Med Virol. 2014;86(10):1766–71.

	4.	 Raschilas F, Wolff M, Delatour F, Chaffaut C, De Broucker T, Chevret S, 
et al. Outcome of and prognostic factors for herpes simplex encepha-
litis in adult patients: results of a multicenter study. Clin Infect Dis. 
2002;35(3):254–60.

	5.	 Rabinstein AA. Herpes virus encephalitis in adults: current knowledge 
and old myths. Neurol Clin. 2017;35(4):695–705.

	6.	 Gennai S, Rallo A, Keil D, Seigneurin A, Germi R, Epaulard O. Elaboration 
of a clinical and paraclinical score to estimate the probability of herpes 
simplex virus encephalitis in patients with febrile, acute neurologic 
impairment. Eur J Clin Microbiol Infect Dis. 2016;35(6):935–9.

	7.	 Erdem H, Cag Y, Ozturk-Engin D, Defres S, Kaya S, Larsen L, et al. Results of 
a multinational study suggest the need for rapid diagnosis and early anti-
viral treatment at the onset of herpetic meningoencephalitis. Antimicrob 
Agents Chemother. 2015;59(6):3084–9.

	8.	 Singh TD, Fugate JE, Hocker S, Wijdicks EFM, Aksamit AJ Jr, Rabinstein AA. 
Predictors of outcome in HSV encephalitis. J Neurol. 2016;263(2):277–89.

	9.	 Chow FC, Glaser CA, Sheriff H, Xia D, Messenger S, Whitley R, et al. Use 
of clinical and neuroimaging characteristics to distinguish tempo-
ral lobe herpes simplex encephalitis from its mimics. Clin Infect Dis. 
2015;60(9):1377–83.

	10.	 Oyanguren B, Sanchez V, Gonzalez FJ, de Felipe A, Esteban L, Lopez-
Sendon JL, et al. Limbic encephalitis: a clinical-radiological com-
parison between herpetic and autoimmune etiologies. Eur J Neurol. 
2013;20(12):1566–70.

	11.	 Fan TH, Khoury J, Cho SM, Bhimraj A, Shoskes A, Uchino K. Cerebrovascu-
lar complications and vasculopathy in patients with herpes simplex virus 
central nervous system infection. J Neurol Sci. 2020;419: 117200.

	12.	 Schünemann HB, J.; Guyatt, G.; Oxman, A. GRADE handbook for grading 
quality of evidence and strength of recommendations. 2013 [updated 
October 2013]. The GRADE Working Group. Available from: https://​guide​
lined​evelo​pment.​org/​handb​ook.

	13.	 Higgins JPT, Morgan RL, Rooney AA, Taylor KW, Thayer KA, Silva RA, et al. 
A tool to assess risk of bias in non-randomized follow-up studies of expo-
sure effects (ROBINS-E). Environ Int. 2024;186: 108602.

	14.	 Bewersdorf JP, Koedel U, Patzig M, Dimitriadis K, Paerschke G, Pfister HW, 
et al. Challenges in HSV encephalitis: normocellular CSF, unremarkable 
CCT, and atypical MRI findings. Infection. 2019;47(2):267–73.

	15.	 Studahl M, Gunther G, Rosengren L. Serum S-100B protein levels in 
patients with herpes simplex encephalitis and tick-borne encephalitis–
a marker of CNS damage during the initial stage of disease. J Neurol. 
2009;256(4):586–90.

	16.	 Basaran S, Yavuz SS, Bali EA, Cagatay A, Oncul O, Ozsut H, et al. Hypona-
tremia is predictive of HSV-1 encephalitis among patients with viral 
encephalitis. Tohoku J Exp Med. 2019;247(3):189–95.

	17.	 Alessandro L, Wilken M, Farez MF, Arias Cebollada E, Mora AC, Cammarota 
A, et al. Clinical correlations of positive herpes simplex PCR in cerebrospi-
nal fluid. Neurologist. 2018;23(6):204–8.

	18.	 Mommeja-Marin H, Lafaurie M, Scieux C, Galicier L, Oksenhendler E, 
Molina JM. Herpes simplex virus type 2 as a cause of severe meningitis in 
immunocompromised adults. Clin Infect Dis. 2003;37(11):1527–33.

	19.	 de Montmollin E, Dupuis C, Jaquet P, Sarton B, Sazio C, Susset V, et al. 
Herpes simplex virus encephalitis with initial negative polymerase chain 
reaction in the cerebrospinal fluid: prevalence, associated factors, and 
clinical impact. Crit Care Med. 2022;50(7):e643–8.

https://guidelinedevelopment.org/handbook
https://guidelinedevelopment.org/handbook


Page 12 of 12Grzonka et al. Systematic Reviews           (2025) 14:55 

	20.	 Poissy J, Wolff M, Dewilde A, Rozenberg F, Raschilas F, Blas M, et al. Factors 
associated with delay to acyclovir administration in 184 patients with 
herpes simplex virus encephalitis. Clin Microbiol Infect. 2009;15(6):560–4.

	21.	 Esiri MM. Herpes simplex encephalitis. An immunohistological study 
of the distribution of viral antigen within the brain. J Neurol Sci. 
1982;54(2):209–26.

	22.	 Omland LH, Vestergaard BF, Wandall JH. Herpes simplex virus type 2 infec-
tions of the central nervous system: a retrospective study of 49 patients. 
Scand J Infect Dis. 2008;40(1):59–62.

	23.	 Afonso N, Gunasena S, Galla K, Podzorski R, Chandrasekar P, Alangaden 
G. Appropriate use of polymerase chain reaction for detection of herpes 
simplex virus 2 in cerebrospinal fluid of patients at an inner-city hospital. 
Diagn Microbiol Infect Dis. 2007;57(3):309–13.

	24.	 Mulatero M, Boucekine M, Felician O, Boussen S, Kaplanski G, Rossi P, et al. 
Herpetic encephalitis: which treatment for which body weight? J Neurol. 
2022;269(7):3625–35.

	25.	 Miller S, Mateen FJ, Aksamit AJ Jr. Herpes simplex virus 2 meningitis: a 
retrospective cohort study. J Neurovirol. 2013;19(2):166–71.

	26.	 Tan IL, McArthur JC, Venkatesan A, Nath A. Atypical manifestations and 
poor outcome of herpes simplex encephalitis in the immunocompro-
mised. Neurology. 2012;79(21):2125–32.

	27.	 Babaei A, Shatizadeh Malekshahi S, Pirbonyeh N, Moattari A. Prevalence 
and clinical manifestations of herpes simplex virus infection among 
suspected patients of herpes simplex encephalitis in Shiraz, Iran. Virusdis-
ease. 2021;32(2):266–71.

	28.	 Sutter R. Are we prepared to detect subtle and nonconvulsive status 
epilepticus in critically ill patients? J Clin Neurophysiol. 2016;33(1):25–31.

	29.	 Sutter R, Semmlack S, Kaplan PW. Nonconvulsive status epilepticus in 
adults - insights into the invisible. Nat Rev Neurol. 2016;12(5):281–93.

	30.	 Rudin D, Grize L, Schindler C, Marsch S, Ruegg S, Sutter R. High preva-
lence of nonconvulsive and subtle status epilepticus in an ICU of a 
tertiary care center: a three-year observational cohort study. Epilepsy Res. 
2011;96(1–2):140–50.

	31.	 Nosadini M, Mohammad SS, Corazza F, Ruga EM, Kothur K, Perilongo G, 
et al. Herpes simplex virus-induced anti-N-methyl-d-aspartate receptor 
encephalitis: a systematic literature review with analysis of 43 cases. Dev 
Med Child Neurol. 2017;59(8):796–805.

	32.	 Nardone R, Versace V, Brigo F, Tezzon F, Zuccoli G, Pikija S, et al. Herpes 
simplex virus type 2 myelitis: case report and review of the literature. 
Front Neurol. 2017;8: 199.

	33.	 Fodor PA, Levin MJ, Weinberg A, Sandberg E, Sylman J, Tyler KL. Atypical 
herpes simplex virus encephalitis diagnosed by PCR amplification of viral 
DNA from CSF. Neurology. 1998;51(2):554–9.

	34.	 Richelsen RKB, Jensen SB, Nielsen H. Incidence and predictors of intra-
venous acyclovir-induced nephrotoxicity. Eur J Clin Microbiol Infect Dis. 
2018;37(10):1965–71.

	35.	 Tunkel AR, Glaser CA, Bloch KC, Sejvar JJ, Marra CM, Roos KL, et al. The 
management of encephalitis: clinical practice guidelines by the Infec-
tious Diseases Society of America. Clin Infect Dis. 2008;47(3):303–27.

	36.	 Sili U, Kaya A, Mert A, Group HSVES. Herpes simplex virus encephalitis: 
clinical manifestations, diagnosis and outcome in 106 adult patients. J 
Clin Virol. 2014;60(2):112–8.

	37.	 Ngan TTD, Tuyet NT, Hung DT, Cap NT, Nguyen DM, Dat VQ. Clinical char-
acteristics and outcomes of patients with Herpes Simplex Encephalitis in 
Vietnam: a retrospective study. BMC Infect Dis. 2024;24(1):556.

	38.	 McGrath N, Anderson NE, Croxson MC, Powell KF. Herpes simplex 
encephalitis treated with acyclovir: diagnosis and long term outcome. J 
Neurol Neurosurg Psychiatry. 1997;63(3):321–6.

	39.	 Levebvre CG, J.; Briscoe, S.; Featherstone, R.; Littlewood, A.; Metzendorf, 
M.-I.; Noel-Storr, A.; Paynter, R.; Rader, T.; Thomas, J.; Wieland, L.S. Chapter 4: 
searching for and selecting studies. 2024 [updated September 2024]. In: 
Higgins J.P.T., Thomas J., Chandler J, Cumpston M, Li T, Page M.J., Welch 
V.A. (editors). Available from:https://​train​ing.​cochr​ane.​org/​handb​ook.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://training.cochrane.org/handbook

	Unveiling the clinical spectrum of herpes simplex virus CNS infections in adults: a systematic review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Registration and reporting
	Screening and data extraction

	Assessment of the level of evidence
	Risk of bias assessment

	Results
	 Screening and origin of studies
	Clinical signs and symptoms
	Information on diagnostics, treatment measures, and outcomes
	Level of evidence and risk of bias

	Discussion
	Strengths and limitations

	Conclusion
	Acknowledgements
	References


