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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 CRDA42022366036; https://www.crd.york.ac.uk/

prospero/display_record.php?ID=CRD42022366036).
Results are reported according to the PRISMA guide-

lines (http://www.prisma-statement.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
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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
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Fig. 1 Flow chart. Legend: PCR, polymerase chain reaction

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]
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Study Year Geographical Numberof Age (years) Sex HSV type Diagnostic Immunosuppression
origin HSV-positive female proof (%)
patients (%)
reported
Retrospective/multicenter
Cagetal. [2] 2016  Europe/Mid- 496 Median 50.5, 53.6 351 HSV-1, PCR NR
dle East/North IOR 33.3-63 83 HSV-2, 62
Africa not specified
De Montmollinetal. [19] 2022 Europe 273 Median 646, 49.8 NR PCR 12.1
QR 55.5-73.7
Poissy et al. [20] 2009  Europe 184 Median 58 446 NR PCR NR
Kaewpoowat et al. [16] 2016 North America 80 Median 405, 62.5 NR PCR 6.3
range 18-82
Chow et al. [19] 2015 North America 60 Mean 56.8, 50 57 HSV-1, 3 PCR 0
SD 19.2 HSV-2
Omland et al. [22] 2008 Europe 49 Median 39, 776 0 HSV-1, 49 PCR 6.1
IQR 33-45 HSV-2
Gennai et al. [6] 2016  Europe 36 Median 60, 61.1 NR PCR NR
IQR 55-73
Afonso et al. [23] 2007 North America 20 Median majority 1 HSV-1,19 PCR NR
about 40 female HSV-2
Retrospective/monocenter
Moon et al. [3] 2014 Korea 95 Median 34,  54.7 21 HSV-1,74 PCR 6.3
range 16-85 HSV-2
Mulatero et al. [24] 2022 France 76 Mean 55, 513 72 HSV-1, 4 PCR 10.5
range 16-92 HSV-2
Singh et al. [8] 2016 North America 45 Median 66, 711 33 HSV-1, PCR 222
IQR 53.5-78 9 HSV-2, 3
not specified
Tan et al. [26] 2012 North America 29 Mean 55.1, 51.7 NR PCR 483
SD16.1,
range 26-79
Miller et al. [25] 2013 North America 28 Mean 38, 788 0 HSV-1, 29 PCR 0
SD 19-55 HSV-2
Babaei et al. [27] 2021 Middle East 21 Mean 62.2 428 NR PCR NR
Esiri et al. [21] 1982  Europe 21 Mean 45.9, 619 21 HSV-1,0 brain NR
range 18-81 HSV-2 biopsy
or autopsy
Bewersdorf et al. [14] 2019  Europe 18 Median 54.7, 50 NR PCR 27.8
range 20-90
Studahl et al. [15] 2009  Europe 17 Mean 57.8,  41.2 NR PCR NR
range 32-90
Basaran et al. [16] 2019  Europe 16 Mean 53.37, 62.5 16 HSV-1,0 PCR NR
SD 16.59 HSV-2
Alessandro et al. [17] 2018 South America 16 Median 38,  31.1 9HSV-1,5HSV-2,1  PCR 0
range 22-84 both, 1 not speci-
fied
Mommeéja-Marinetal. [18] 2003  Europe 13 Median 37, 385 7 HSV-2,6 PCR 100
range 29-77 not specified
Oyanguren et al. [10] 2013 Europe 12 Mean 67.8 583 12 HSV-1,0 PCR NR
HSV-2

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

(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],
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Table 2 Overview of reported symptoms

Study Symptoms (%)

Fever Headache Neck stiffness Language/ Seizures Gl symptoms Photophobia Focal deficits
speech
abnormalities

Retrospective/multicenter

Cagetal 784 67.7 63.1 22 19.8 NR NR 14
De Montmollinetal. 839 337 6.6 NR 347 NR NR 14.3
Poissy et al. 85 NR NR 473 36.7 NR NR NR
Kaewpoowat et al. 50 91.3 615 NR 5 684 432 13.8
Chow et al. 80 517 321 333 54.5 36.5 NR 10.3
Omland et al. NR 87.8 714 NR 2 59.2 449 NR
Gennai et al. 694 NR 194 NR 50 278 56 556
Afonso et al. 75 84.2 63.1 NR 15 526 789 10.5
Retrospective/monocenter

Moon et al. 60 884 474 NR 10.5 65.3 NR NR
Mulatero et al. 513 NR NR 433 21.1 NR NR NR
Singh et al. NR 22.2 NR NR 46.7 311 44 40
Tan et al. 79.3 NR NR NR 586 NR NR 517
Miller et al. 51 100 NR NR NR 31 47 NR
Babaei et al. 90.5 619 NR 38.1 61.9 333 NR NR
Esiri et al. 524 286 NR 333 57.1 4.8 9.5 238
Bewersdorf et al. 722 389 NR NR 222 NR NR 722
Studahl et al. NR NR NR 353 588 NR NR NR
Basaran et al. 75 62.5 25 68.8 438 25 NR 12.5
Alessandro et al. 68.8 87.5 NR 50 313 NR NR NR
Momméja-Marin etal. 92.3 100 769 NR 0 46.2 7.7 0
Oyanguren et al. 91.7 25 NR 66.7 41.7 NR NR NR

NR Not reported, G/ Gastrointestinal

Clinical signs and

symptoms
reported from the literature 75
Fever r‘_
Headache e *
Neck stiffness T’_
Speech/language abnormalities 35_7’_
Gastrointestinal symptoms —ug—
Epileptic seizures %64 ——
Photophobia - *
Focal deficits -
(] 20 a0 60 80 100

Percent of patients with HSV infection of the CNS

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.
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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
CSE, 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,



Page 7 of 12

(2025) 14:55

Grzonka et al. Systematic Reviews

Geg—g¢ obuel 068-0 abuel
001 0 ¥4 00l YN YN YN 14 YN ‘€6 URIPIL SC 'S'/6 UueIpaW ‘e 19 oIpuesS3Y
1'9 Uueawl
sjiydosnau
8/0¢ AS £9'55¢ ds "1£7p) uesw
YN 0 L9 3'€6 198 YN 8'€6 'ST89 U '60'68€ URSN uN sa1ko0ydwiA| ‘e 19 UeJeseg
€95 98l YN YN YN YN 4N YN YN YN 4N ‘e 33 |yepnis
€c1-01 ebuel €68-1
6'8€ 96 00l €es Y6 66 Y6 4N ‘8,9 uesly zze obuer’|g| uesw e 12 JIopsiamag
0 00l YN YN 4N YN 4N 4N YN YN YN e 33 Wis3
005-09 abuel 4!
SL 14 YN YN YN YN YN g€l YN 'Sy ues|y 0 9buei’sg uesw ‘e 15 1I9eqeg
08-7¢ 85709 0981-98
sbuei’z  abuel 'yS as abuel ‘cyi
00l 0 YN YN YN YN YN as 'vs uespy ‘9| UBS 0 as 'v0s ueaw IERERETIIY
YN L0¢C 4N YN 66 0 00l YN YN g€l |e19 uep
C/=€0S 40l SOL=5/S 4O 80571 abuel
659 961 4N 08 §/8 YN 688 19 ueIpa 'S/ URIPA 961 ¥9 uelpaw 219 ybuis
147 9Ll 568 001 YN YN 001 YN 001 YN LGl ueaw ‘e 19 oioleNN
47] 0 YN YN YN YN YN Ll1-/73bury Gee-Gz abuey 0 0007-9 abuel ‘e 13 UOOW
191U20U0W/A1109ds0119Y
6€1-1C
81 1-9¢ abuel obuel ‘cz¢ 0€11-001 2buel
S68 4N YN 4N YN YN YN '£'€¢AS'L'S9  AS '¥T6 uesy 0 "L1€AS'SSLY |13 0suoy
YN YN YN 4N YN 4N 8L/ 9l [eWIUIN YN YN YN {ERENLEIVED)
18-Gz abuel  ¢/z-9¢ obuel IZANE
00l 0 0S % YN 4N YN ‘9G UBSN 'z uelps|y YN abuel 0/ ueaw ‘e 39 puelwO
/=75 YOI S0L-87 YOI 9/-T¢
YN YN YN YN 00l 0 001 'G9 UBIPAW 'S/ UeIPI YN 40l 0 uelpaw [e19 moy)
691-G¢ sbuel  Gpp-g| abuel 00¥9-9 abuel
0S 0 €95 0z YN €8/ €08 TS URIPAN  'G'86 UBIPI 0 ‘Sz uelpaw e 19 1emoodmaey)
001-05 4O §S6l-1¢
YN 661 YN YN YN YN YN YN '£9 URIPI YN YOI 'S'€g ueipaw 213 Ass10d
YN eyl YN YN YN YN 4N YN YN 861 ‘e 39 Ujjjowiuol 2@
/88 YN /88 9¢S $69 ['ST £'99 4N YN S ‘le1 bed
Lmucwu_u_jE\wZUmeOwa
(%) (%) (%) (%) (%) (%)
(%) @e|anbas (%) |ewuouqe pawuoyiad sanijewsouge |ewlou (%) asodn|b (Ip/Bw) (Jp/Bw) 29M
Jouiw 10 oN YieaQg D33 DEE] Jeaodwia] YW pawuopiad [y pasealdag asoon|n uigloid [BWION  (uwy/s|[Pd) DGM
awodnQ DEE] salpnys buibew| synsai 4D Apnis

3UI02INO0 pue S1ISOUBRIP JO MIIAIDAQ € dlqeL



Page 8 of 12

(2025) 14:55

Grzonka et al. Systematic Reviews

weiboleydaduso11d9|3 D33 ‘Buibewr ad3ueUOSI d1IBUBRI [ AUNOD |93 POO|q AUYM DIM ‘Sbuel a)inienbislu| O ‘uonelnsp piepuels gs ‘pariodal JoN YN ‘piny [euldsoiqais) 45D

06~/ 3bues  OpL-¢S abuel 00€-C
YN UN 150w N 00L 0 /16 /€9 UBS\| |8 uesy YN obues‘cg ueaw 4113 uainbueAp
L~ € abuel 0ps—1 abuel 831
ce9 80¢ dN dN dN dN dN 8¢S dN ‘7L Uelpa dN "7/ UeIpaW ULeN-eRWWON
(%) (%) (%) (%) (%) (%)
(%) ae@nbas (%) Jewaouqe pawJoyiad sanijewlouge |ewlou (%) asodn|b (1p/Bwi) (1p/6w) 9M
Joujw 1o oN yleaq DEE] DEE] |esodwia) YW pawuoyiad [y paseatdaqg ?9sodn|n uRjold |ewloN  (uwys|d) DgM
awodnQ D33 salpnis buibew| s)nsai 45D Apms

(PanunuOd) € 3jqey



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

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
HSYV 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.
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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.
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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
HSYV 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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