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Background: Metagenomic next-generation sequencing (mNGS) is becoming increasingly extensive in diagnosing herpes simplex
encephalitis (HSE). However, many HSE patients with normal cerebrospinal fluid (CSF) diagnosed by mNGS have been found during
the clinical application. This study aimed to summarize and analyze the clinical characteristics, supplementary examinations, and
prognosis of patients with HSE whose cerebrospinal fluid was confirmed to be normal by mNGS.

Methods: This retrospective study evaluated the clinical characteristics, auxiliary examinations, and patient prognosis of patients with
HSE that were diagnosed by mNGS but had normal CSF. Clinical data collected included baseline information, signs and symptoms
upon admission, and risk factors for infection. Auxiliary examinations included indirect immunofiuorescence assay (IIF), cell-based
assay (CBA), and CSF testing. Prognosis was evaluated based on hospital stay and patient survival.

Results: Seven of the nine patients (77.8%) experienced headaches, and four (44.4%) had a fever of 38°C or higher. The average
leukocyte count in the CSF was 2.6 + 2.3/L. According to the mNGS, the median sequence count of HSV was 2 (1, 16). Magnetic
resonance imaging (MRI) revealed one bilateral temporal lobe lesion (11.1%), two isolated bilateral frontal lobe lesions (22.2%), and
one bilateral cingulate gyrus lesion (11.1%). One patient (11.1%) was admitted to the intensive care unit and passed away in the
hospital. The remaining patients (88.9%) had a positive prognosis upon discharge.

Conclusion: Patients with HSE who had normal CSF were typically middle-aged women with normal immune function. They
showed typical HSE clinical features, such as fever, headache and epilepsy, that did not differ from those of other HSE patients.
A normal CSF result is generally associated with a low viral load and the body’s ability to mount an effective immune response. Most
of these patients have a favorable prognosis.

Keywords: herpes simplex encephalitis, herpes simplex virus, cerebrospinal fluid, metagenomic next-generation sequencing, atypical
clinical manifestations

Introduction

Herpes simplex encephalitis (HSE) is an acute infectious disease of the central nervous system caused by herpes simplex
virus (HSV), which mainly invades the temporal lobe, frontal lobe and limbic system, causing bleeding and necrotizing
encephalitis."* HSV is a neurophilic double-stranded DNA virus that is classified into two distinct types: oral herpes
(HSV-1) and genital herpes (HSV-2). Approximately three-quarters of HSE patients are caused by HSV-1.> HSE is
recognized by its temporal and frontal lobe involvement, as well as elevated levels of white blood cells and protein in the
cerebrospinal fluid, and discoloration in the form of red blood cells and yellowing. Early detection of frontotemporal
lobar edema can be accomplished using magnetic resonance imaging (MRI), which may also reveal brain swelling. The
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DNA PCR for HSV of the CSF is considered the standard gold test with a sensitivity of 94-98% and specificity of 98—
100%.* Diagnosing HSE becomes easier when typical symptoms are accompanied by PCR results. However, many
patients with atypical HSE may have normal cerebrospinal fluid leukocyte counts in clinical practice, making them
susceptible to misdiagnosis as cerebral infarction or intracranial space-occupying lesions. Although viral isolation and
PCR testing are considered the “gold standard” for HSE diagnosis, the limitations of these methods, such as the time-
consuming nature of viral isolation and its low detection rate, and the limited ability of PCR testing to detect nucleic acid
fragments, have restricted their clinical application. Hence, diagnosing atypical HSE can be a challenging task. Studies
indicate that untreated HSE patients have a high mortality rate of up to 70%, but if treatment is initiated within four days
of onset, the mortality rate can be reduced to 8%.° Thus, early diagnosis and treatment of HSE are crucial, as
misdiagnosis or missed diagnosis can have serious consequences for patients. The increasing use of metagenomic next-
generation sequencing (mNGS) in infectious disease diagnosis, due to its advantages, is becoming more widespread in
clinical practice.®” Since Guan first reported the research on mNGS in HSV1 and HSV2 in 2015,* mNGS has played
a more critical role in diagnosing HSE. It is reported that a few HSE patients have no abnormal changes in CSF. In 2015,
Rawal et al presented a case of HSVE in which the CSF analysis was standard, but the CSF PCR was positive for HSV1.?
In 2011, Jakob et al reported five cases of HSVE in immunosuppressed patients who had received whole-brain irradiation
for malignoma in Germany, where the CSF was normal.’ In 2006, Avkan Oguz et al documented the same phenomenon
in two immunocompetent patients in Turkey.'” Nonetheless, such patients always exhibit an absence of typical clinical
features and MRI findings of HSE, which presents a significant challenge for the early and definitive clinical diagnosis of
the condition.

Given the broad range and rapid screening capabilities of mNGS for infectious encephalitis pathogens, it is a more
reliable method than PCR and pathogen culture for the early identification of pathogens in cerebrospinal fluid in cases of
normal infectious encephalitis. This study retrospectively examined the clinical features, auxiliary testing, and outcomes
of HSE cases confirmed through mNGS with normal CSF. The aim was to enhance the understanding of atypical HSE,
particularly in patients with normal CSF. The findings highlight the diagnostic utility of mNGS for HSE, and provide
a theoretical foundation for the optimal timing of mNGS in patients suspected of having HSE. Additionally, the study
offers guidance for accurate diagnosis, treatment, and improvement of patient prognosis in early-stage HSE.

Materials and Methods

Patients

This study retrospectively gathered clinical data from patients diagnosed with HSE who were hospitalized at our hospital
from January 2017 to June 2021. The study was approved by the Ethics Committee of our hospital and was conducted in
accordance with the 1964 Helsinki Declaration. Patients and their families were fully informed about the study’s purpose
and content and provided written consent.

Patients were selected for this study based on the following criteria: (1) Suspected diagnosis of acute encephalitis with
detection of human HSV1 viral sequences in the cerebrospinal fluid by NGS; (2) First cerebrospinal fluid analysis
showing normal leukocyte count (<8.0x10°/L); (3) Completion of consultation and treatment according to standard
protocols and follow-up for 1 to 3 months; (4) Obtainment of written informed consent from the patient and their family.

Exclusion criteria were: (1) CNS tumors; (2) Encephalitis complicated by multiple pathogen infections; (3)
Autoimmune encephalitis; (4) Incomplete clinical data and non-standard case records; (5) Patients with a history of
puncture injury.

Clinical Data

The baseline characteristics that were recorded, including demographic information, the time and place of admission, risk
factors for infection, and symptoms present upon admission, can offer crucial insights into the nature of the infection
being studied. The patient underwent antiviral treatment and had cranial imaging and laboratory tests performed. The

timing of the lumbar puncture and the cranial imaging were recorded upon admission.
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The patient’s outcome was classified into five categories using the Glasgow Outcome Scale (GOS), which include
death, vegetative state, severe sequelae requiring daily assistance, moderate sequelae with independent living capability,
and no or mild sequelae. The assessment of the outcome was conducted at the time of discharge and during follow-up
visits at one and three months post-discharge. A GOS score of 4 or lower was considered an unfavorable outcome.

Antibodies Detection

The indirect immunofluorescence assay (IIF) was utilized to detect autoimmune encephalitis antibodies. The cell-based
assay (CBA) demonstrated high diagnostic specificity and sensitivity for the related encephalitis (RE). The initial dilution
titers for CSF and serum testing were set at 1:1 and 1:10, respectively.

NGS of CSF

CSF specimens (1-2 mL) were collected via lumbar puncture and immediately stored at —80°C for 30 minutes prior to
usage in NGS. The micro-sample genomic DNA extraction kit was employed to extract DNA from the CSF samples,
which were then fragmented into fragments ranging from 200 to 300 bp with the help of a DNA-cutting ultrasonic
crusher. The DNA fragments were subjected to quality control, where the size was checked using a 2100 biological
analyzer. The presence of the DNA library was then detected by quantitative PCR.

The DNA libraries were constructed through a series of steps, including end-repair, A-tailing, adapter ligation, and
PCR amplification, using an NGS library construction kit to prepare for NGS. The roller amplification technology was
applied to increase the concentration of single-stranded circular DNA, resulting in the formation of DNA nanospheres.
The DNA nanospheres were then loaded onto the sequencing chip and sequenced using the BGISEQ.50 sequencing
platform (Genskey Medical Technology Co., Ltd., Beijing, China).

All species included in the curated pathogen reference databases were collected from books, such as the Manual of
Clinical Microbiology, Diagnosis and Illustration of Clinical Microbiology, and NCBI RefSeq genome database. Strictly
only one typical high-quality representative strain whose genome sequence was downloaded from the NCBI RefSeq
genome database or NCBI GenBank genome database was selected for each species. Currently, our curated database
contains 9855 bacterial genomes or scaffolds, 6926 whole genome sequences of viral taxa, 1582 whole genome
sequences of fungal taxa, 312 whole genome sequences of parasites, 184 mycoplasma and 177 mycobacterium.

Immunoserological

All patients were tested for specific HSV-IgG and HSV-IgM in blood and cerebrospinal fluid using enzyme-linked
immunosorbent assay (ELISA). At the same time, double serum and double cerebrospinal fluid were used to observe
HSV-1 antibodies dynamically. The diagnosis could be confirmed when the trend of antibody increase in double
cerebrospinal fluid was elevated, the titer was above 1:80, the antibody titer increased more than four times during the
disease for two or more times, and the ratio of antibodies in the blood and cerebrospinal fluid was < 40.

Statistical Analyses

All statistical analyses were performed with SPSS (SPSS22.0). To describe baseline demographics, we used frequency
distributions. Continuous nonparametric data were summarized using medians, interquartile ranges (IQRs), continuous
variables conforming to normal distribution were represented by mean + standard deviation.

Results

Clinical Characteristics of the Patient

The clinical information of nine patients was meticulously documented. The patient population comprised three males
(33.3%) and six females (66.7%), with an average age of 40.0 = 17.7 years. One patient (11.1%) had type 2 diabetes,
while another (11.1%) had a history of long-term oral administration of hormones and azathioprine due to an
autoimmune disease. Three patients (33.3%) reported a prodromal infection. Four patients (44.4%) had a history of lip
herpes.
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Three patients (33.3%) presented with seizures characterized as generalized tonic-clonic seizures, which were
effectively controlled after admission. Seven patients (77.8%) reported experiencing headaches, with one patient
(14.3%) presenting accompanying symptoms of nausea and vomiting. Four patients (44.4%) had a fever >38 °C. One
patient (11.1%) was unconscious upon admission with a Glasgow Coma Scale (GCS) score of 3, while the remaining 8
patients (88.9%) were conscious, with a GCS score of 15. None of the patients exhibited any characteristic signs of HSE,
such as personality changes, speech disorders, or sensory-motor abnormalities. Most of the symptoms were non-specific
and typical of HSE. All patients showed negative results for meningeal irritation signs (Table 1).

Laboratory Examination of the Patient

The mean white blood cell count (WBC) in routine blood tests was 8.1 + 3.6 x 10'%/L, with 2 patients (22.2%)
presenting elevated levels. The average time elapsed from onset to lumbar puncture was 137.0 = 110.0 hours. The
mean CSF pressure was 176.7 £ 40.3 mmH20O, with 3 patients (33.3%) having elevated pressure. The average
leukocyte count in the CSF was 2.6 + 2.3/L, with no red blood cells present, indicating no evidence of typical
hemorrhagic necrotic encephalitis.

The mean CSF protein was 426.0 £ 126.0 mg/L, with 3 patients (33.3%) presenting elevated levels. The CSF glucose
level was 4.0 £ 1.0 mmol/L, with 1 patient (11.1%) having an elevated reading. The CSF chloride level was 124.3 + 4.2
mmol/L, with one patient (11.1%) having an increased level and two (22.2%) having decreased levels. The results of
pathogen NGS of the CSF showed that the median copy sequence of HSV was 2 (1 to 16) (Table 2).

The unique reads of the identified viral genes ranged from 1 to 826. The coverage of identified viral genes ranged
from 12% to 98%, with a depth value of 1.1 to 35, respectively (Table 3). Immunoserological testing showed 5 cases with
positive cerebrospinal fluid HSV-IgM, 2 cases with serum/CSF <40, and 2 cases with recovery-specific HSV-IgG in
double CSF samples, which increased more than four times.

Analysis of MRI and EEG Results

The average time from admission to the performance of an MRI was 21.8 + 24.6 hours. Among the nine patients, one
patient (11.1%) demonstrated bilateral temporal lobe lesions, while another patient (11.1%) showed bilateral cingulate

Table | The Characteristics at Admission of Adult Patients with HSE

Subgroup Patient| P2 3 4 5 6 7 8 9
Age 31 71 17 56 15 42 39 47 42
Sex M F F F F F M F M
Risk factors

Diabetes - + - - - - - - -

Immunosuppression - - - - - _ _ + _

Lips herpes - + - + - + - + -
History of viral infections - + - + — _ _ + _
Clinical Seizures - - + — _ _ + + _
presentation

Headache + - + + + + _ + +

Nausea - - - - + - — - -

Personality changes - - - - - - - - -

Confusion - - - - - - - - N

GCS 15 15 15 15 15 15 15 13 15

Fever (238.0°C) + - - - + - . + +

Motor/sensory

deficits

Abbreviation: GCS, Glasgow Coma Scale.
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Table 2 The Biochemical and Microbiological Analyses of the 9 Adult Patients

Patients | 2 3 4 5 6 7 8 9
WBC count (x10°L, 4-10) 4.08 6.45 9.56 6.03 6.73 5.59 15.3 12 7.16
Cerebrospinal fluid analysis | Time to lumbar puncture (h) 159 96 33 384 146 168 72 8 168
Pressure (mmH,O, 80-180) 160 140 250 140 150 200 160 160 230
WBC (x10°cells/L, <8) | 2 | 3 [ 4 8 | 2
RBC (x10%cells/L) 0 0 0 0 0 0 0 0 0
Protein (mg/L, 150-450) 609 681 328 362 413 411 160 550 320
Glucose (mmol/L, 2.5-4.5) 427 6.17 391 3.94 333 37 2.51 4.01 3.92
Chloride (mmol/L, 120-130) 119.8 | 119.6 | 1225 | 1284 | 1223 | 1233 | 1327 125 125
Abbreviations: WBC, White blood cells; RBC, red blood count.
Table 3 The Results of the NGS Analysis
Patient | The Number of Unique Reads | The Coverage of Identified Depth Value
Viral Genes Ranged
| 6 0.24% |
2 10 0.4% |
3 | 0.03% |
4 22 0.8% |
5 2 0.07% |
6 2 0.07% |
7 | 0.03% |
8 826 44% |
9 2 0.07% |

gyrus lesions, as depicted in Figure 1A and B. Additionally, two patients (22.2%) exhibited isolated bilateral frontal lobe

lesions, as depicted in Figure 1C. The MRIs of the remaining patients were unremarkable. An EEG was conducted on

five patients (55.6%), and encephalitis changes were present in 80.0% of these patients (Table 4).

Analysis of Treatment and Prognosis

All nine patients were given intravenous antiviral treatment, which included acyclovir, ganciclovir, and foscarnet, after

admission. The average duration of antiviral drug treatment was 21.8 £ 24.6 days. Three of the patients (33.3%) received

Figure | The patient 8 and 4. The MRI results of patient 8 showed high DWI ((A), red arrow) and low ADC ((B), red arrow) in the Cingulate gyrus; The MRI results of
patient 4 showed high FLAIR in the isolated bilateral frontal lobe ((C), red arrow).
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Table 4 The Result of Cranial Imaging and Electroencephalography in the 9 Adult Patients

Patients | 2 3 4 5 6 7 8 9

MRI from time of admission (hours) 20 0 7 0 24 48 24 | 72
EEG findings + - Normal - - + + + -

MRI Hemorrhage - - - - - - - - -
Frontal lobe - - - + - - + + _
Temporal lobe - + - - - - - - -
Parietal lobe - - - - - . . + -
Occipital lobe - - - - - - - - -
Brainstem - - - - - - - - -
Cerebellum - - - - - - - - -

Other parts - - - - - - - - -

Abbreviations: MRI, Magnetic Resonance Imaging; EEG, Electroencephalogram.

Table 5 Summary of Treatment and Outcome of the 9 Adult Patients

Patient | 2 3 4 5 6 7 8 9
Duration of acyclovir/valaciclovir treatment 14 14 14 14 14 14 10 30 30
(days)

Steroid hormone - - - - - . + + +
IVIG - - - - - - - + .
ICU - - - - - - - + .

Outcome | In-hospital mortality - - - - - - -
I-month mortality - - - - - - -

3-month mortality - - - - - - -
GOS at discharge
GOS one month since discharge

- - -+ 4+ o+
'

v »non
v onon
v o n
v unon
v »n»n
v »n»n
v »nn
v »nn

GOS three month since discharge

Abbreviations: IVIG, Intravenous Immunoglobulin; ICU, Intensive Care Unit; GOS, Glasgow Outcome Scale.

hormone therapy as part of their treatment. Patient 7 and 8 received a single dose of methylprednisolone 1g as pulse
therapy, while patient 9 was given a daily dose of methylprednisolone 60mg for 5 days. One patient (11.1%) received
treatment with intravenous immunoglobulin (IVIG) at a dose of 0.4g/kg for 5 days. Unfortunately, one patient (number 8,
11.1%) was admitted to the ICU for respiratory support and passed away during their hospitalization. The other patients
who were discharged (88.9%) had a good prognosis (Table 5).

Discussion
HSE is the most common cause of severe viral encephalitis, accounting for 10-20% of the annual encephalitis incidence
rate.!’ Most adult herpes simplex encephalitis is caused by HSV-1, which can retrograde into the skull along the nerve to
cause HSE.'? HSE can occur at any age, with no significant seasonal. There are two peaks in 20 and 50, and there is no
difference between genders.'> Non-specific symptoms such as respiratory infection, fever, headache and fatigue are
common before onset. Symptoms such as insomnia, abnormal personality or behaviour, convulsions or coma occur
several days later.'"'*'* Kapadia et al described the clinical characteristics and pathogenesis of adult HSE in 2020."°
Avkan Oguz et al, 2006, documented the same in two immunocompetent patients in Turkey.'®

The average age of nine patients in this study was 40.0 = 17.7 years, and the male-to-female ratio was 1:2, which was
inconsistent with HSE reported. A study conducted in the United States on 272 patients with HSV infection showed that
the average age of the patients was 59.9 years old, and the gender ratio was close to 1:1 (223 males vs 234 females).'” In
this study, non-specific HSE symptoms such as precursor infection, fever, headache and epilepsy were relatively common
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in all patients. In comparison, specific clinical symptoms of HSE such as personality changes, speech disorder, abnormal
behaviour and consciousness disorder, were relatively rare, which was considered to be related to the damage degree of
HSV to brain tissue. Nausea and vomiting were rare, and harmful meningeal irritation was consistent with the clinical
characteristics of HSE.'® Clinical symptoms suggest that the HSE patients with normal CSF were always in the prime of
life, and the injured level of neurons was lighter than classical HSE. Clinicians need to be aware that young female
patients with standard cerebrospinal fluid tests may be underdiagnosed and misdiagnosed because they lack the typical
clinical features of HSE.

The pressure of CSF can be increased typically and slightly and can be significantly increased in severe HSE patients.
The number of nucleated cells in CSF of HSE was 50-100 x 10°, which could be as high as 1.0x10°. Lymphocytopenia
was dominated, blood cells could be present, slightly or moderately elevated protein, and regular sugar and chloride.'® In
this study, the average time from onset to lumbar puncture was 137.0 = 110.0 hours, with a long interval, which may be
related to mild clinical symptoms, delayed treatment or atypical clinical symptoms. CSF pressure was typically or
slightly increased, accorded with CSF pressure changes of mild HSE. The number of blood cells in CSF of all patients
was 0, indicating without hemorrhagic necrotic encephalitis. The mean number of CSF leukocytes was 2.6 + 2.3/L,
significantly lower than the previously reported changes of CSF leukocytes,'® indicating a low degree of immune
response. In addition, the change in CSF protein was consistent with HSE. One patient had an elevated CSF glucose level
related to a previous diabetes history. The chloride of CSF was 124.3 + 4.2 mmol/L, and the decrease of chloride was
considered to be related to the blood chlorine. Therefore, except for the number of leukocytes in CSF, the other CSF
characteristics were consistent with previous reports of HSE. In our study, all patients were diagnosed with HSE by
mNGS. The sequencing results showed that the median HSV copy sequence was 2 (1, 16). Although there was no study
on the correlation between HSV copy sequences and HSE prognosis, mNGS only defined as abnormal was copy
sequences >1 in CSF, indicating the low viral load in our patients. The degree of CSF response is generally related to
viral load and the body’s immune response-ability. The sequencing results confirmed the effect of viral load on CSF
leukocytes. However, the copy sequences of patient 8 were 826, given the delayed exam time of mNGS, suggesting that
the HSV load might be higher. However, the CSF were always normal during hospitalization, which might be related to
the immune response ability inhibited by hormones and immunosuppressants. An average cerebrospinal fluid leukocyte
count does not exclude a patient from having viral encephalitis, especially in the case of HSE. This is because the
cerebrospinal fluid leukocyte count may be related to the body’s immune response and the amount of virus. Instead, the
final basis for a definitive diagnosis requires testing for the pathogen. In this study, we used the mNGS test for the early
diagnosis of all HSE patients, and the results showed that this technique has an excellent diagnostic value for HSE.

MRI is the most sensitive examination method of HSE. Its lesions usually appear 2—3 days after the onset of
symptoms, presenting bilateral symmetrical limbic lobe involvement, including the medial temporal lobe, insular cortex,
lateral inferior frontal lobe and cingulate gyrus; Basal ganglia is not involved, while other parts of the brain and midbrain
are rarely involved, which can be combined with bleeding.”® All patients underwent MRI after or before admission, and
the average time of MRI was 21.8 + 24.6h. HSV primarily enters the skull retrogradely along the cranial nerve, so the
temporal lobe and frontal lobe were the first affected. However, in this study, only 1 patient with temporal lobe, 2 patients
with isolated bilateral frontal lobe and 1 with simple cingulate gyrus were found. Both temporal lobe and cingulate gyrus
conformed to the MRI findings of HSE. The proportion of patients with normal MRI was high, and none showed
hemorrhagic necrotic encephalitis in the early stage, indicating the degree of brain injury. However, HSE’s isolated
bilateral frontal lobe was rare.”’ The reason for isolated bilateral frontal lobe involvement in our patient is unknown,
considering that it might be related to the cranial pathway of HSV. The patient with atypical MRI findings should be paid
attention to because it is effortless to be misdiagnosed as tumors, venous sinus thrombosis and other diseases. EEG
abnormalities accounted for 80% of HSE, and most patients are nonspecific changes. Patients with HSE with average
cerebrospinal fluid cell counts also lack the typical MRI presentation, which may be related to the degree of damage to
brain tissue by the pathogen. Therefore, a standard MRI display does not exclude the diagnosis of HSE. EEG combined
with symptoms of frontotemporal lobe injury in HSE may be informative for diagnosing this group of patients.

The HSE prognosis is related to various factors, such as the application time of antiviral drugs, the patient’s immunity,
the body’s toxic load, etc.?'>* Although the improvement of diagnostic sensitivity helped us to improve the proficiency
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of early detection and diagnosis of mild HSE patients, HSV is still always misdiagnosed and is the most common cause
of fatal encephalitis. The overall mortality rate of untreated patients remained at 70%. Only 2.5% of the surviving
patients recovered normal neurological function without appropriate treatment. The early diagnosis of the disease is
crucial, and if treatment is started within 4 days of onset, the mortality can be reduced to 8%.'%**?° In this study, all
patients were given antiviral treatment, mainly intravenous treatment, supplemented by oral treatment, 3 patients were
given hormone treatment, 1 patient was given intravenous immunoglobulin treatment, and 1 patient was admitted to ICU
for respiratory support treatment. Patient No.8 progressed rapidly after admission, presenting deep coma, high fever and
status epilepticus. Re-examination of imaging showed diffuse intracranial haemorrhage. However, he was given active
treatment and still died of cerebral hernia during hospitalization, suggesting that the patient with CSF deficiency
inflammatory response caused by immunosuppressant had a poor prognosis. The other patients had a good prognosis
after discharge, suggesting that through timely treatment, patients with low viral load and low inflammatory response in
CSF may have a relatively good prognosis.

Limitations

The sample size in this study is relatively small and might not be representative of the overall population. It is possible
that the results obtained may not be generalizable to a larger population, due to the limited sample size and the selected
population. Further studies with larger sample sizes are needed to validate the findings of this study and to provide more
accurate and comprehensive results. Additionally, it would be helpful to follow up with the patients after their discharge
to assess the long-term effects of the treatments and to evaluate the outcome of the disease. Overall, a larger and more
comprehensive study would provide a better understanding of the clinical symptoms, imaging characteristics, and
treatment outcomes in patients with HSE.

Conclusion

In conclusion, this study highlights the importance of considering HSE as a potential diagnosis in patients with typical
clinical symptoms of encephalitis, regardless of normal CSF and MRI findings. Clinicians should not rely solely on these
traditional diagnostic tools, but instead consider the use of mNGS to detect the presence of pathogens in the cerebrospinal
fluid. Early detection and prompt antiviral treatment, as well as careful monitoring of patients with concomitant EEG
abnormalities and immunosuppression, is crucial for ensuring a good prognosis in HSE patients. Further research with
a larger sample size is needed to further understand the clinical characteristics and outcomes of HSE patients with normal
CSF and MRI findings.

Abbreviations
mNGS, metagenomic next-generation sequencing; HSE, Herpes simplex encephalitis; HSV, herpes simplex virus; IIF,
Indirect immunofluorescence assay; CBA, Cell-based assay; CSF, cerebrospinal fluid testing; IQRs, interquartile ranges.
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