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Abstract
Background  Suid herpesvirus type 1 (SHV1) is a type of neurotropic virus able to infect various species. However, the 
clinical cases of human SHV1 encephalitis are still rarely reported, and the clinical characteristics, treatment, and prognosis 
of human SHV1 encephalitis are still unclear.
Methods  In this study, we reported 2 cases of human encephalitis associated with SHV1 infection and reviewed the other 18 
cases from the literatures. A total of 20 cases with human SHV1 encephalitis were summarized and re-analyzed.
Results  Nineteen of 20 patients had a history of swine-related occupational exposure before illness onset. All patients initially 
presented with influenza-like symptoms and then developed seizures, disturbed consciousness, and endophthalmitis. All 
patients with clinical outcome of modified Rankin Scale of 5 or 6 suffered from rapid progressive respiratory failure. The 
results of cerebrospinal fluid (CSF) indicated aseptic or viral infection. MRI findings of SHV1 encephalitis were prone to 
distribute in temporal-frontal and insular cortex, which was similar to the pattern of herpes simplex virus encephalitis, while 
some cases with involvements of gray matter nuclei had a high rate of mortality. Metagenomic next-generation sequencing 
(mNGS) revealed that all patients had unique SHV1 sequences with variable reads in the CSF.
Conclusions  The variant SHV1 can cause a new type of human viral encephalitis, characterized by acute, fulminating, and 
catastrophic central nervous system infection. Rapid progressive respiratory failure and extensive lesions of deep gray matter 
nuclei might be indicators to poor prognosis. No approved treatments for the encephalitis are available, but it is possible to 
diagnose encephalitis quickly by mNGS.
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Background

Suid herpesvirus type 1 (SHV1), also called pseudora-
bies virus (PRV), is a neurotropic virus that belongs to the 
Alphaherpesvirinae subfamily and genus Varicellovirus in 
the family of Herpesviridae [1]. Swine is the primary natural 
host for SHV1 [2]. The classic viruses, first discovered in 
swine in 1902, have been associated with fatal encephalitis 
in piglets, boars sterility, reproductive disorders in sows, 
and respiratory diseases in growing and fattening pigs and 
have brought about a great number of economic loss to the 
swine industry since its global spreading since 1980s [3, 4].

SHV1 can infect not only swine, but also 
a wide range of vertebrates including cattle, sheep, cats, 
dogs, minks, bears, skunks, and mice, indicating that the 
virus has a strong ability of transmission cross species [5]. 
Mravak et al. reported 3 patients of suspected human SHV1 
infection diagnosed by SHV1 positive antibody without sub-
type identification [6]. Nevertheless, the disease of human 
SHV1 infection had been debatable until Ai et al. found 
some unique SHV1 sequences in the vitreous humor from 
an endophthalmitis patient through metagenomic next-gen-
eration sequencing (mNGS), and the possibility of SHV1 
infecting humans across the species barrier was identified 
at the first time [7]. In the same year, Zhao et al. reported 4 
cases of suspected SHV1 encephalitis for the first time based 
on clinical features and pathogen analysis of cerebrospinal 
fluid (CSF) by mNGS [8]. However, the cases of human 
SHV1 encephalitis are still rarely reported, and the clini-
cal characteristics, treatment, and prognosis of encephali-
tis associated with SHV1 remain unclear. Therefore, we 
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reported 2 additional cases of human SHV1 encephalitis 
and reviewed the other 18 cases reported in the literatures. 
We retrospectively analyzed the clinical processes of SHV1 
encephalitis in order to improve awareness about this new 
type of human viral encephalitis.

Materials and methods

Subjects

The patients were retrospectively collected from neurologi-
cal intensive care unit in the First Affiliated Hospital of 
Nanchang University. Initial symptoms, age of onset, occu-
pation, clinical manifestations, treatments, and prognosis 
were collected from their relatives and medical records. A 
battery of laboratory examinations including blood chemis-
try, infectious screening, and immunological screening were 
conducted in the 2 patients.

Patient consent statement

All samples and medical data were obtained after a writ-
ten consent signed by each family in compliance with the 
bioethical laws of China as well as the Declaration of Hel-
sinki. The research was also approved by the ethic commit-
tee of the First Affiliated Hospital of Nanchang University.

Brain MRI

All magnetic resonance image (MRI) examinations were 
performed in the 2 patients as routine clinical care through 
a 3.0  T MR scanner. Conventional T1-weighted spin 
echo (T1WI) sequences, T2-weighted spin echo (T2WI) 
sequences, fluid-attenuated inversion recovery (FLAIR) 
sequences, and diffused weight image (DWI) sequences 
were conducted according to their own routine procedures. 
MRI with contrast was conducted at least one time in the 2 
patients.

Cerebrospinal fluid NGS

Five milliliters CSF sample were collected in a sterilized 
RNase-free container and then stored and delivered at dry 
ice for a mNGS test. DNA was extracted with QIAamp DNA 
Microbiome Kit (at#51,704, QIAGEN, Germany). After 
enzymatic fragmentation of DNA to a size of 200–300 bp, 
the sequencing libraries were constructed through end 
repair, adapter ligation, and amplification. Sequencing tem-
plates were prepared by using the OneTouch2 System (Life 
Technologies, CA, USA) and then sequenced on the Bioel-
ectronSeq 4000 sequencer (CapitalBio Corporation, Beijing, 
China). The original sequencing data is first subjected to 

data quality control, and the sequences of less than 50 bp 
and low complexity were removed. The qualified reads were 
mapped to the human reference genome (GRCh38) using the 
Burrows-Wheeler Aligner to remove the human sequence. 
The remaining data were aligned to the NCBI microbial 
genome database (ftp://​ftp.​ncbi.​nlm.​nih.​gov/​genom​es/) 
for the detection of pathogens. The final pathogen results 
included a list of suspected pathogens, hitreads, and statis-
tics on the coverage of the genome. All pathogen genome 
sequences contained 13,992 species of bacteria, 1,659 spe-
cies of fungi, 13,000 species of viruses, and 287 species of 
parasites. The reference values, hitreads, and coverage of 
microbial pathogen were calculated according to the samples 
of 100 control people. The 5%, 75%, 95% quartile, median, 
and maximum values were obtained, respectively, and then 
the intervals (5–95%) were used as the reference range for 
normal background. Suspected pathogen need to meet the 
following criteria: (1) hitreads number greater than 95% 
quartile of the reference range; (2) the coverage is more than 
95% quartile of the reference range; and (3) suspected targets 
have potentially pathogenic infection.

To validate the mNGS results, we performed polymerase 
chain reaction (PCR) analysis and Sanger sequencing on the 
CSF. The amplification primers are SHV1-gB-F: ACA​AGT​
TCA​AGG​CCC​ACA​TCTAC; SHV1-gB-R: GTC​YGT​GAA​
GCG​GTT​CGT​GAT.

Literature review

We retrieved literatures in multiple databases including Pub-
Med, EMBASE, Scopus, Web of Science, EBSCO, Google 
Scholar, and Wanfang database using the keywords “pseu-
dorabies virus encephalitis” or “suid herpesvirus encephali-
tis.” The screening protocol was followed a PRISMA work-
flow. All included cases were required to have SHV1 DNA 
sequence evidence, and then the clinical characteristics, 
laboratory results, treatments, complications, and outcomes 
of all patients were summarized and reanalyzed.

Results

Clinical features of two patients with SHV1 
encephalitis

Patient 1

The patient was a 51-year-old woman without specific medi-
cal history, but she is a housewife who frequently handles 
raw pork when cooking. She was transferred to our unit for 
a critical care with fever for 1 week, delirium, and seizures 
for 3 days. Initially, the patient had a fever accompanied by 
headache and drowsiness, but she did not visit doctor since 
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the symptoms were considered as a common cold. After 
4 days, the patient had abnormal behaviors such as ram-
blings and tearing the sleeve and then immediately presented 
with generalized tonic–clonic seizure. The recurrent seizures 
lasted for 2–3 min and caused the patient in coma. She had 
respiratory failure due to status epilepticus, and endotracheal 
intubation was inserted. The patient was clinically diagnosed 
as encephalitis with status epilepticus, based on no obvi-
ous pathological findings on cranial computerized tomog-
raphy (CT). She was transferred to our neurologic intensive 
care unit immediately, when her vital signs were stable. On 
admission, physical examination revealed a sedative state 
with mechanical ventilator supporting and 6/15 (E1; V1; 
M4) score of Glasgow coma scale (GCS). The Kernig’s, 
Brudzinski’s, and Babinski’s signs were all negative, while 
JOLT test was not performed due to the sedative state.

A routine blood test revealed increased counts of white 
blood cell (WBC) and neutrophils. Biochemical examination 
showed a mild elevation of liver enzymes. A battery of serum 
immunological pathogens was all negative (Supplemental 
Table 1). Blood cultures were negative to bacteria, tubercu-
losis, and fungus. The opening pressure of lumber puncture 
was 220 mmH2O (normal 80–180 mmH2O). CSF analysis 
showed WBC count of 1 × 106/L (normal 0–5 × 106/L), 
glucose of 3.1 mmol/L (normal 2.8–4.5 mmol/L), chlo-
ride of 122.3 mmol/L (normal 120–132 mmol/L), and pro-
tein of 340 mg/L (normal 150–450 mg/L). CSF cytology 
revealed the total count of cells was 80 with lymphocyte 

60% (48 cells), neutrophils 30% (24 cells), and monocytes 
10% (8 cells). The acid-fast staining and India ink staining, 
as well as bacterial smear and culture, were all negative. 
CSF and serum were negative to autoimmune encephalitis-
related antibodies available (Supplemental Table 1).

Brain MRI on admission revealed high signals on FLAIR 
and DWI along the bilateral temporal lobes and right insular 
cortex (Fig. 1A–E). Brain MRI at 1 month after admission 
showed diffused lesions involving bilateral temporal-frontal-
parietal lobes, right occipital lobe, insular cortex, thalamus, 
basal ganglia, and brain stem with variable enhancements 
on bilateral temporal lobes, as well as hemorrhagic lesion 
at the occipital lobe (Fig. 1F–J). On admission, a chest 
CT scan was performed, but no abnormalities were found 
(Fig. 2A–B). Electroencephalogram (EEG) showed general-
ized slow wave (1–2 Hz delta frequency) on the background 
(Fig. 3A).

Since the clinical features and MRI findings indicated an 
acute diffused cortical inflammatory involvement, as well 
as the CSF tests revealed a normal pattern with mild lym-
phocytic pleocytosis, the patient was clinically suspected as 
viral encephalitis and immediately was treated with antivi-
ral drugs (acyclovir, 10 mg/kg, q8h), antibiotic (linezolid, 
600 mg, q12h), antiepileptic (midazolam, 0.05 mg/kg/h and 
sodium valproate, 500 mg, q12h), and decreasing intracra-
nial pressure therapy (mannitol, 25 g q6h) based on empiri-
cal cares. One week after admission, lumbar puncture had 
been rechecked. The opening pressure of CSF dropped to 

Fig. 1   Dynamic brain MRI changes in patient 1. MRI on admis-
sion revealed high intensities in bilateral temporal lobes on T2 (A) 
and FLAIR (B) and abnormal intensities in the right insular cortex 
on T1 (C), T2 (D), and DWI (E). MRI at 1  month after admission 
showed diffused lesions in bilateral temporal lobes and brain stem on 

T2 (F); hemorrhagic lesion in occipital lobe on T1 (G); high inten-
sities in temporal-frontal-occipital lobes, thalamus, and basal ganglia 
on FLAIR (H) and DWI (I); and enhancements on bilateral temporal 
lobes (J). Arrows indicate the lesions
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190 mmH2O; protein level rose significantly to 0.95 mmol/L; 
glucose was 3.9 mmol/L; chloride was 127.5 mmol/L; and 
WBC count was 5 × 106/L. CSF cytology revealed the total 
count of cells was 180 with lymphocyte 83% (150 cells), 
monocytes 10% (18 cells), neutrophils 5% (9 cells), and 
basophils 2.5% (3 cells).

To explore the causative virus, the second CSF sample 
was sent to mNGS screening and revealed 34 unique reads 
of suid herpesvirus type 1 with 2.43% coverage (Fig. 4A). 
Additionally, Sanger sequencing of a gB segment in SHV1 
further supported the mNGS result (Fig. 4B). Therefore, the 
encephalitis was probably associated with SHV1 infection. 
After a 6-week antiviral treatment, the patient was weaned 
off ventilator but remained in unconsciousness with metal 
tracheostomy tube. She was discharged to a local hospital 
with a modified Rankin Scale (mRS) of 5 and GCS score of 
7 (E2, V1, M4).

Patient 2

A 68-year-old man, a swineherd, was transferred to our 
clinic due to fever for 4 days and recurrent seizures for 1 day. 
Initially, the patient had a persistent fever with apathy and 
was treated as influenza without improvement at the local 
clinic. Three days later, a chest CT scan was conducted, but 
no abnormalities were identified (Fig. 2C–D). The patient 
was transferred to our intensive care unit due to frequent sei-
zures, rapidly progressive status epilepticus and respiratory 
failure, and then was immediately intubated and treated with 
sedatives. Physical examination showed medical sedative 
condition with a GCS score of 3/15(E1; V1; M1). Kernig’s 
and Brudzinski’s signs were negative, while the left Babins-
ki’s sign was positive.

Routine blood test revealed high counts of WBC and 
neutrophils. Examinations of blood chemistry were within 

Fig. 2   Chest CT scan in the 2 
patients. No abnormalities on 
chest CT were found in patient 
1 on admission (A and B) and 
in patient 2 at 3 days after onset 
(C and D)

Fig. 3   EEG showed generalized slow wave (1–2 Hz delta frequency) diffusely throughout the background in patient 1 (A); paroxysmal spike 
wave discharge with diffuse slow wave background in patient 2 (B)

2684 Neurological Sciences (2022) 43:2681–2692



1 3

normal limits. The serum immunological assays for rou-
tine pathogens were negative (Supplemental Table 1). 
Lumber punctuation revealed an increased opening 
pressure of 190 mmH2O. CSF analysis showed WBC 
count of 20 × 106/L, glucose of 3.3 mmol/L, chloride of 
119 mmol/L, and protein of 1290 mg/L. CSF cytology 
indicated that the total count of cells were 150 with lym-
phocyte 60% (90 cells), neutrophils 20% (30 cells), mono-
cytes 16% (24 cells), and basophils 4% (6 cells). India ink 
stain, acid-fast stain, bacterial smear, and antibodies of 
autoimmune encephalitis were all negative. EEG showed 
paroxysmal spike wave discharge with diffused slow wave 
background (Fig. 3B). Based on empirical therapy, the 
patient was administered with acyclovir (10 mg/kg, q8h), 
meropenem (1.0 g, q8h), midazolam (0.05 mg/kg/h), and 
sodium valproate (500 mg, q12h).

Brain MRI on admission showed high signals on 
FLAIR and DWI along the bilateral temporal-parietal 
lobes and left insular cortex (Fig. 5A–D), indicating a 
viral encephalitis. Nevertheless, brain MRI at 10 days 
after admission showed that the lesions significantly 
expanded along the temporal-frontal-parietal lobes and 
thalamus (Fig. 5E–H).

One week later, mNGS screening of CSF sample 
revealed 29 unique reads of SHV1 with 2.55% cover-
age (Fig. 4C). Additionally, Sanger sequencing of a gB 
segment in SHV1 further supported the mNGS result 
(Fig. 4B). Subsequently, intravenous immunoglobulin 
(IVIG) of 0.4 g/kg/days for 5 days were attempted to pre-
vent the disease progression. However, after hospitaliza-
tion for 3 weeks, the patient still was unconscious and 
ventilator-dependent and then was palliative care at home. 
At the end, the patient died 1 week after discharge.

Summarization of cases with human SHV1 
encephalitis reported

Clinical features and treatment outcome

The patient enrollment was depicted in Supplemental Fig. 1. 
In total, 25 records were identified by the keywords in the 
multiple databases. After removing the duplication records, 
14 of 25 records were screened for cases with SHV1 enceph-
alitis, and then 3 of 14 records were removed due to not 
clinical reports. Three of 11 records were excluded due to 
diagnosis ineligibility with evidence insufficiency (n = 2) 
and repeated report (n = 1). Finally, 8 of 11 records includ-
ing 18 cases were qualified to summarize the clinical data 
of human SHV1 encephalitis.

Besides our study, 18 other cases have been reported as 
human SHV1 encephalitis with pathogenic evidence [1, 2, 
5, 7–12]. All patients came from Mainland China, includ-
ing 8 cases from Shandong province, 2 cases from Inner 
Mongolia, 2 cases from Henan province, 2 cases from Hebei 
province, one case from Hubei province, one case from 
Guangdong province, one case from Anhui province, and 
one case from Beijing. Therefore, a total of 20 cases (male, 
17; female, 3) of human SHV1 encephalitis were included 
in the summarization (Table 1 and Supplemental Table 2).

The median age was 50 years (interquartile range (IQR) 
43–52 years; range 25–63 years). Nineteen of 20 patients 
worked in industries related to swine, and most of them had 
a history of occupational exposure before illness onset, such 
as hand injury or needle stick at work. All patients initially 
presented with influenza-like symptoms such as fever, head-
ache, and drowsiness and then developed seizures, disturbed 
consciousness, endophthalmitis, and respiratory failure in 

Fig. 4   mNGS and PCR validation. mNGS in CSF sample from 
patient 1 revealed 34 unique reads of SHV1 with 2.43% coverage (A). 
mNGS in CSF sample from patient 2 found 29 unique reads of SHV1 

with 2.55% coverage (B). PCR amplification with a 94 bp product of 
SHV1 further validated the results of mNGS (C)
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the first week. The clinical manifestations mainly included 
fever (20/20), seizures (20/20), disturbed consciousness 
(20/20), respiratory failure (16/20), headache (10/20), eye 
involvement (10/20), cognitive impairment (6/20), and psy-
chiatric symptoms (6/20). Pneumonia was the most common 
complication for SHV1 encephalitis patients, which prob-
ably was associated with long-term bedridden and airway 
dysfunction. Hepatic dysfunction was observed in 3 patients.

A total of 33 times of CSF examinations were con-
ducted in 20 patients (Supplemental Table  3), which 
showed a median opening pressure of 200 mmH2O (IQR 
167–273 mmH2O), median WBC count of 23 × 106/L (IQR 
6–44 × 106/L), and median protein level of 0.5 g/L (IQR 
0.39–0.67 g/L). CSF cytology revealed that neutrophils 
were predominant in the initial stage of the disease in some 
patients, and lymphocytic pleocytosis with the development 
of the disease. The level of glucose and chloride in CSF 
were within normal limits. The findings of CSF indicated 
the possibility of aseptic encephalitis or viral encephalitis.

Five patients underwent long-term EEG monitoring. 
All of them had generalized front-temporal slow activity, 
and three showed epileptiform discharges. These abnormal 
changes of EEG presumably were associated with impair-
ment of brain function or sedative medicine for seizures.

All patients received antiviral treatment after initial diag-
nosis with viral encephalitis including acyclovir (10 mg/kg, 
q8h) in 17 patients, foscarnet in 6 patients, ganciclovir in 2 

patients, and penciclovir in one patient. Fourteen patients 
also received immunotherapy including IVIG in 2 patient, 
glucocorticoids in 3 patients, and both of them in 9 patients. 
However, the actual dosage of foscarnet, ganciclovir, IVIG, 
and glucocorticoids were unavailable in most of patients. 
Most patients showed poor response to acyclovir and immu-
notherapy and had poor prognosis with a median mRS score 
of 4 and a mortality rate of 20% (4/20). Most survivors 
left severe disability and dysfunction of living capability. 
Noticeably, antiviral treatments were taken as ganciclovir 
plus foscarnet in patient 7, acyclovir plus foscarnet in patient 
8, and penciclovir (0.5 g/day q12h, for 17 days) and fos-
carnet (6 g/day q12h, for 17 days) in patient 13, and the 3 
patients showed consciousness recovery and relatively good 
prognosis. All patients needed ICU supporting for a long 
time (generally more than 1 month), and 76.9% of patients 
needed tracheal intubations and ventilator support, which 
might be associated with a high incidence of status epileptics 
and respiratory failure in patients with SHV1 encephalitis.

MRI changes

Nineteen of 20 patients underwent brain MRI, and the 
remaining one performed a cranial CT scan with no obvious 
abnormalities. Generally, brain MRI showed high intensity 
on FLAIR, T2WI, and DWI, as well as low intensity on 
T1WI. The lesions were distributed at insular lobe in 17 

Fig. 5   Dynamic brain MRI changes in patient 2. MRI on admission 
showed high intensities in bilateral temporal lobes (A) and the left 
insular cortex (B) on T2 and also in bilateral temporal lobes (C) and 
the left insular cortex (D) on FLAIR. MRI at 10 days after admission 

showed that the lesions significantly expanded along the temporal-
frontal-parietal lobes and thalamus on T2 (E and F) and FLAIR (G 
and H). Arrows indicate the lesions
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cases, temporal lobe in 17 cases, basal ganglia in 11 cases, 
frontal lobe in 8 cases, parietal lobe in 3 cases, and brain-
stem in 3 cases (Supplemental Table 2 and 4). One of our 
patients had hemorrhagic lesion in the occipital lobe. There 
were 3 patients with contrast MRI; and 2 patients had linear 
enhancement along the surface of cortex.

Temporal lobe and insular cortex were found to be the 
most frequently involved regions in the SHV1 encephalitis. 
Among the 18 patient with available MRI descriptions, 7 
patients just had temporal lobe and/or insular cortex involve-
ment and had clinical outcomes of mean mRS scores of 
4.0 ± 1.3; the other 11 patients showed additional involve-
ments of cerebral regions including frontal lobe, parietal 
lobe, occipital lobe, basal ganglia, and brain stem and had 
clinical outcomes of mean mRS scores of 4.4 ± 1.4. There 
were no significant differences between the 2 groups. Simi-
larly, the mean mRS score was 4.6 ± 1.5 in 11 patients with 
basal ganglia involvement, 3.9 ± 1.2 in 7 patients spar-
ing of basal ganglia involvement, and no differences were 
found between the patients (p = 0.392). However, the 4 died 
patients all had basal ganglia involvement besides diffused 
cortex involvement, which indicated that patients with 
involvement of deep gray matter nuclei might have a ten-
dency of poor prognosis.

Microbial analysis

Microbiological analysis was performed on serum or CSF 
samples in all patients to identify causative pathogen. India 
ink stain, acid-fast stain, and bacterial smear test of CSF in 
all patients showed no abnormalities. mNGS test of CSF 
were performed on all patients who had unique sequence 
reads of SHV1. Most patients had reads number between 
2 and 373 and low coverage between 0.1 and 16%, while 
one patient had unique sequence of 6198 reads with 80.58% 
of coverage (Table 1). All reads were uniformly distributed 
in the whole genome region of SHV1. In addition, serum 
or CSF positive SHV1 IgG antibody was identified in 11 
patients.

Discussion

Suid herpesvirus type 1 is a double-stranded DNA virus with 
icosahedral symmetric structure [13]. Phylogenetic analy-
sis for the genome sequences shows that classical SHV1 
strains from the USA and Europe are categorized as SHV1 
genotype I, and variant SHV1 strains from China are catego-
rized as SHV1 genotype II, which might be associated with 
several outbreaks of SHV1 infection among swineherds in 
Jiangxi province of China since 2011 [2, 14]. The symptoms 
of pseudorabies were assumed to be associated with classi-
cal SHV1, while the variant SHV1 was considered to be the 

pathogen of viral endophthalmitis or encephalitis described 
in this study.

The first descriptions about pseudorabies came from two 
technicians exposed to contaminated materials in 1914 and 
showed weakness, restlessness, sore throat, and itching [15]. 
Additionally in 1987, three patients with seropositive SHV1 
antibodies initially developed fever, sweating, weakness, and 
tiredness and then progressed to dysphagia, paraesthesia, 
and tinnitus [6]. The clinical symptoms associated with 
classical SHV1 were very similar to those of rabies that is 
one of the most lethal diseases known to human, while the 
clinical courses showed slow but complete recovery. There-
fore, SHV1 used to be named pseudorabies virus. However, 
the clinical features associated with variant SHV1 showed 
quiet differences from pseudorabies [1, 2]. According to 
our summarization, the affected patients initially presented 
with influenza-like symptoms such as fever, headache, and 
drowsiness and then quickly developed seizures, disturbed 
consciousness, endophthalmitis, and respiratory failure 
finally required ICU supporting for a long time. Especially, 
all patients with mRS score of 5 or 6 presented with rapid 
progressive respiratory failure, which indicated an unfavora-
ble prognosis. Therefore, the encephalitis associated with 
variant SHV1 presented with severe disable or lethal viral 
encephalitis.

Viral glycoprotein gD of SHV1 mediates the entry pro-
cess into host cell through binding the host cell by the nec-
tin-1 receptor, similar to herpes simplex viruses (HSV) [16]. 
Therefore, the MRI lesions of variant SHV1 encephalitis 
are prone to distribute in temporal-frontal lobes and insular 
cortex similar to those in HSV encephalitis [10], but some 
severe cases with disease progression have lesion expansions 
to parietal-occipital lobes, thalamus, basal ganglia, and brain 
stem, which are rarely observed in the HSV encephalitis. 
Although the involved lesions of cerebral regions were not 
associated with the disease severity in our summarization, 
we found that the 4 dead patients all had involvements of 
deep gray matter nuclei besides diffused cortical lesions, 
which might play an indicator to poor prognosis. Addition-
ally, the hemorrhagic lesions were used to be considered as 
a differentiated point between SHV1 and HSV encephalitis 
[11], but our SHV1 encephalitis patient also showed hemor-
rhagic lesion in the advanced stage of disease.

mNGS is a revolutionary method in the identification of 
potential pathogens including rare and novel viruses [17]. 
Currently, mNGS tests of CSF were conducted in all 20 
patients, and then unique sequence reads uniformly dis-
tributed in the whole genome region of SHV1 were iden-
tified; consequently, the diagnosis of SHV1 encephalitis 
can be supported based on molecular evidence. The first 
human case of SHV1 infection with mNGS result was a pig 
farmer who was diagnosed as viral endophthalmitis with 
fever, headaches, and visual impairment [7]. The mNGS 
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showed that the most likely pathogen was variant SHV1, 
which belonged to genotype II according to the phylogenetic 
analysis of the SHV1 genome sequence. Next, a patient of 
SHV1 encephalitis had 6198 unique sequence reads cover-
ing 80.58% of the SHV1 genome region, also indicating the 
genotype II of SHV1 [2, 5]. The other 19 patient with lower 
coverage of SHV1 genome presented with a very similar 
phenotype to the patient with high coverage. Therefore, we 
speculated that all 20 patients with SHV1 encephalitis were 
associated with the SHV1 genotype II, though available 
mNGS data were not enough to identify the strain of SHV1 
genotype II.

At present, there is no available treatment guideline 
for SHV1 encephalitis treatment. According to the Clini-
cal Practice Guidelines of Encephalitis by the Infectious 
Diseases Society of America (IDSA), acyclovir is recom-
mended (I level, A evidence) for herpes virus infection 
[18]. Therefore, 17 of 20 patients were given full-dose 
acyclovir, but the patients showed poor response to the 
conventional antiviral therapy. Studies about piscidin 1 
and resveratrol have provided some alternative measures 
for SHV1 infection, but clinical trials need to be car-
ried out in the future [19, 20]. Intriguingly, some SHV1 
encephalitis patient showed an improvement of conscious-
ness after immediate administration of both penciclovir 
or ganciclovir plus foscarnet sodium treatment [2, 9]. 
The prompt antiviral treatment might attenuate severe 
SHV1 encephalitis and facilitate the clinical recovery. 

Additionally, antiepileptic, respiratory support, nutritional 
support, and pneumonia treatment are also important to 
improve the prognosis in patients with SHV1 encephalitis 
[12]. Future studies to establish the optimal treatment regi-
men for SHV1 encephalitis are urgently needed.

According to the guidelines of viral encephalitis [21, 
22] and clinical features of the 20 patients with SHV1 
encephalitis, we made a proposal for diagnostic work-
flow of human SHV1 encephalitis (Table 2). (1) Patient 
should have at least an epidemiological history of occu-
pations related to swine, or history of direct contact with 
raw pork, or location in SHV1 epidemic area. (2) Patient 
should have a fever and one symptom of acute brain paren-
chyma dysfunctions that manifested recurrent seizures/
status epilepticus or severe disturbance of consciousness 
including coma, delirium, decorticate state, minimally 
conscious state and vegetative state, or mental disorder. 
Additionally, acute vision loss due to endophthalmitis with 
fundus hemorrhage and papilledema could be considered 
as one of clinical features. (3) Patient had abnormal EEG, 
aseptic/viral encephalitis in CSF, and abnormal multiple 
cerebral MRI lesions similar to HSV encephalitis but more 
involvements of deep gray matter nuclei. (4) Patient should 
be identified with specific sequences of SHV1 in CSF or 
blood by mNGS or PCR and positive SHV1 antibody in 
serum or CSF. The definite diagnosis of SHV1 encephali-
tis should include an epidemiological history, typical clini-
cal features, abnormal auxiliary examinations, and definite 

Table 2   Criteria for clinical diagnosis of human SHV1 encephalitis

SHV1 suid herpesvirus type 1, EEG electroencephalogram, CSF cerebrospinal fluid, FLAIR fluid-attenuated inversion recovery, mNGS metagen-
omic next-generation sequencing

Variables Descriptions

A: Epidemiology one or more 1–3 1. History of direct contact with raw pork
2. Occupations related to swine
3. Location in SHV1 epidemic area

B: Cardinal symptoms 1 + one or more 2–5 1. Fever (> 37.5℃ in mouth)
2. Recurrent seizures or status epilepticus
3. Severe disturbance of consciousness (coma, delirium, decorticate state, minimally conscious 

state, and vegetative state)
4. Acute vision loss due to endophthalmitis with fundus hemorrhage and papilledema
5. Psychiatric symptoms

C: Auxiliary examinations 1. EEG: generalized or predominantly front-temporal slow activity; periodic lateralized epilepti-
form discharges

2. CSF: consistent with the features of CSF of aseptic encephalitis or viral encephalitis
3. Brain MRI: high signals in front-temporal cortex, insular lobe, basal ganglia, and brain stem on 

FLAIR
D: Virological tests 1. Specific sequences of SHV1 identified in CSF or blood by mNGS or PCR

2. Positive SHV1 antibody in serum or CSF
Definite diagnosis A + B + C + D1
Probable diagnosis A + B + C1 + C2 + D1
Possible diagnosis A + B + C + D2
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SHV1 DNA evidence. The detailed workflow can be found 
in the Table 2.

This study had some limitations that need to be explicitly 
acknowledged. First, it was a retrospective study; thus, some 
clinical data in our cases were incomplete that would lower 
the clinical significance; for example, the SHV1 antibodies 
were not measured due to lack of serum sample; therefore, 
it might weaken the diagnosis of SHV1 encephalitis. Sec-
ond, the descriptions about reported cases were incomplete, 
so some important clinical features and laboratory results 
might have bias in the summarization. Third, the diagnostic 
workflow of human SHV1 encephalitis was just formulated 
on literature review and our own experiences, so the reliabil-
ity of diagnostic protocols was undermined and need to be 
validated in a perspective observation including more cases.

Conclusion

The variant SHV1, as a zoonotic pathogen, has been associ-
ated with a new type of human viral encephalitis character-
ized by acute, fulminating, and catastrophic central nervous 
system infection. The rapid progressive respiratory failure 
may be one of causes to the poor prognosis. Diffused lesions 
involved in extensive cortex and deep gray matter may also 
indicate an unfavorable prognosis. Since the underlying 
pathological pathway for SHV1 in humans is limited, there 
is no available proven treatment for the encephalitis, though 
a rapid diagnosis is becoming possible through mNGS.
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