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Abstract

Pseudorabies virus (PRV) is known to cause severe encephalitis in juvenile pigs and various non-native hosts; recent evidences
suggest that PRV might cause encephalitis in humans. In a multicenter cohort study in China, next-generation sequencing of
cerebrospinal fluid (CSF) was performed to detect pathogens in all patients with clinically suspected central nervous system
infections. This study involved all the patients whose CSF samples were positive for PRV-DNA; their clinical features were
evaluated, and species-specific PCR and serological tests were sequentially applied for validation. Among the 472 patients tested
from June 1, 2016, to December 1, 2018, six were positive for PRV-DNA, which were partially validated by PCR and serological
tests. Additionally, we retrospectively examined another case with similar clinical and neuroimaging appearance and detected the
presence of PRV-DNA. These patients had similar clinical manifestations, including a rapid progression of panencephalitis, and
similar neuroimaging features of symmetric lesions in the basal ganglia and bilateral hemispheres. Six of the patients were
engaged in occupations connected with swine production. PRV infection should be suspected in patients with rapidly progressive
panencephalitis and characteristic neuroimaging features, especially with exposure to swine.
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Background

Infectious encephalitis, which is a central nervous sys-
tem (CNS) infection caused by a wide range of patho-
gens, causes significant morbidity and mortality world-
wide (Brown et al. 2018). However, even in the best-
equipped medical centers, specific etiologies are identi-
fied in less than two thirds of patients with encephalitis
(Brown et al. 2018). Previous studies have demonstrated
the power of next-generation sequencing (NGS) for
identifying unknown pathogens of CNS infections
(Brown et al. 2018; Hoffmann et al. 2015).

Pseudorabies virus (PRV), also known as suid herpes-
virus 1 or Aujeszky’s disease virus, is a neurotrophic
alphaherpesvirus with a double-stranded DNA genome
(Zimmerman et al. 2012). PRV almost infects its only
natural host, swine (Zimmerman et al. 2012). PRV infec-
tion causes extremely high mortality in young pigs and
only innocuous respiratory signs in older pigs
(Zuckermann 2000). In addition, PRV infects a wide
range of other non-native hosts, including cattle, sheep,
dogs, cats, chickens, rodents, rabbits, foxes, and some
nonhuman primates (Baskerville and Lloyd 1977; Hurst
1936; Pomeranz et al. 2005). Although the recent in-vitro
experiment has suggested the possibility of PRV infec-
tion in humans (Li et al. 2017), there are limited data on
the transmission of PRV infection from animal to human.
To our knowledge, suspected cases of PRV infection in
human are rare worldwide, and even fewer have been
laboratory-confirmed (Tischer and Osterrieder 2010). In
1914, two suspected cases of pseudorabies in laboratory
technicians with exposure to infectious material were re-
ported, but serological or pathogenic evidence was lack-
ing. In 1987, three human cases of PRV infection iden-
tified by serological evidence were first reported (Mravak
et al. 1987). Recently, Ai et al. reported a case of swine-
herd who developed endophthalmitis caused by PRV (Ai
et al. 2018). In general, the reported PRV infections of
humans differ from those of other non-native hosts,
which is fatal and characterized by severe central ner-
vous system signs (Zimmerman et al. 2012).

In April 2018, we reported four cases with suspected
PRV encephalitis in humans (Zhao et al. 2018). Since
then, several cases were reported in China (Wang et al.
2019; Yang et al. 2019a, b). Here, we present the fur-
ther pathogen investigation results of the three previous
reported cases (one case without pathogen validation is
not present here) and add four new cases. The detailed
clinical, neuroimaging, CSF, NGS, PCR, and serological
data are provided.

Materials and methods
Case series

We obtained the data from the multicenter unbiased NGS of
CSF project for the period June 1, 2016, to December 1, 2018.
The NGS of CSF project is a multicenter cohort study. In this
project, patients with clinically suspected CNS infections of
undiagnosed etiologies (see Supplementary Table 1 for case
definitions and exclusion criteria) were enrolled, and all med-
ical information was recorded in the research database. CSF
and blood samples were collected and stored at — 80 °C; un-
biased NGS was performed on all of the CSF samples. In this
study, we selected the six cases with PRV DNA in CSF.

A retrospective case (Case 4) was also reported in this
study. This patient was admitted to hospital in October
2011. When reviewing the medical records in 2017, we found
that her clinical and neuroimaging features were similar to
those of other PRV encephalitis cases. Laboratory tests were
therefore performed, and PRV DNA was detected by NGS in
the remained CSF samples.

This study was approved by the Institutional Review
Board of Peking Union Medical College Hospital
(PUMCH) (IRB no. JS-890). The use of the patients’ clin-
ical data and CSF samples was approved by the Ethics
Committee of PUMCH. Written informed consent was ob-
tained from each patient or their legal surrogate in accor-
dance with the Declaration of Helsinki.

NGS of CSF

NGS of patients’ CSF samples was performed according to a
standard flow, which has been used for detecting herpes sim-
plex virus 1 (HSV-1), HSV-2, varicella zoster virus (VZV),
Listeria monocytogenes, and Brucella (Fan et al. 2017; Guan
et al. 2016; Yao et al. 2016). Sequencing was performed on a
BGISEQ-100 platform. The qualified reads were mapped to
the human reference genome using the Burrows-Wheeler
Aligner. The remaining data were aligned to the NCBI micro-
bial genome database (ftp://ftp.ncbi.nlm.nih.gov/genomes/)
for the detection of pathogens (PRV: KF017583.1 2,
KT824771.1 1).

PCR and Sanger validation

To verify the presence of PRV sequences, we used species-
specific PCR to amplify target fragments with the forward,
CGGCGAACTGCGGGATAT, and reverse, CCCGTCAA
CGAGGTCATCG, primers. Agarose gel electrophoresis
was used to analyze PCR products, and Sanger sequencing
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with an ABI Prism 3730 DNA Analyzer (Applied
Biosystems, Foster City, CA, USA) was conducted for vali-
dation purposes. Sequences were aligned to the NT database
using NCBI BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi?
PROGRAM=blastn&PAGE TYPE=BlastSearch&LINK
LOC=blasthome).

Anti-PRV antibody detection

Glycoprotein B (gB) and glycoprotein E (gE) antibodies in
serum or CSF were detected using a Pseudorabies Virus gB
Antibody Test Kit (IDEXX Laboratories, Westbrook, ME,
USA) and gE Antibody Test Kit (IDEXX Laboratories,
Westbrook, ME, USA), which are commercially available
inhibition enzyme-linked immunosorbent assays (ELISAs)
that make use of anti-PRV gB and gE monoclonal antibod-
ies, respectively.

Results
Clinical findings

During the study period, 472 patients with clinical symptoms
of CNS infection were enrolled in the prospective research. Of
the 472 CSF samples, six (Cases 1, 2, 3, 5, 6, and 7) contained
PRV DNA. One retrospective case (Case 4) with similar clin-
ical and neuroimaging features was also detected to contain
PRV DNA. Their clinical features are summarized in Table 1;
the laboratory and neuroimaging examinations are summa-
rized in Table 2 and Supplementary Table 2. These patients
shared some striking clinical and neuroimaging features.

Part of the medical history of Cases 5, 6, and 7 were re-
ported previously (Zhao et al. 2018). Herein, we made further
pathogen investigations, including the analysis of the NGS

results and the performance of PCR and serological tests.
The detailed medical history of Cases 1, 2, 3, and 4 is provided
here. The brain MRI of Cases 5 and 7, which was not present-
ed previously, is provided (Fig. 1i—x).

Case 1: A mid-aged male presented with high fever, recur-
rent epileptic seizures, and loss of consciousness (LOC). One
day before admission, his symptoms began with high fever
and involuntary jerk movements of the right hand. On admis-
sion, PE revealed apathy, dullness, and cognitive decline.
About 2 h after admission, he developed recurrent tonic—
clonic seizures. He was intubated and sedated. Lumbar punc-
ture revealed increased opening pressure, pleocytosis, and
normal protein and glucose levels. Lung CT (day 3 after ad-
mission) showed diffuse ground-glass opacification bilateral-
ly. A funduscopic examination showed bilateral retinal necro-
sis. The patient received VPA for seizures and was empirically
treated with acyclovir, [VIg, and high-dose methylpredniso-
lone. One week later, NGS of CSF resulted in the detection of
PRV DNA. Acyclovir was continued. The patient died
2 weeks later.

Case 2: A mid-aged male presented with high fever,
cognitive decline, recurrent epileptic seizures, and LOC.
One month before the symptoms began, two older pigs
and several other pigs weighing 15-20 kg died on his
farm; there were also many stillbirths. Symptoms began
with high fever 4 days before admission. Meanwhile, the
patient developed recurrent seizures, each episode was
several seconds in duration. Eight hours before admission,
he developed cognitive decline and recurrent tonic—clonic
seizures. Brain MRI showed symmetric lesions of T1WI
hypo-intensities and T2WI hyper-intensities in the insular
lobes and medial temporal lobes bilaterally. Lumbar punc-
ture revealed increased opening pressure, normal WBC
count, and normal protein and glucose levels. The seizures
were well controlled by treatment with VPA, PB, and car-

Table 1  Clinical features of the patients with pseudorabies virus encephalitis

No.  First report Onset year ~ Occupation ~ Residence ~ Fever HA  Seizure LOC  OI Pneumonia MV Outcome
1 Current study 2018 Butcher SD + - + + NA + + Died

2 Current study 2018 Swineherd HE + - + + + + + mRS 3

3 Current study 2018 Driver GD + - + + NA + + mRS 5

4 Current study 2011 Pork dealer ~ BJ + - + + + + + Died

5 Zhao et al. 2017 Pork dealer =~ NM + - + + + + + Died

6 Zhao et al. 2017 Cook NM + + + NA + + Died

7 Zhao et al. 2017 Butcher SD + + + NA + + mRS 5

No. case number, SD Shandong, HE Hebei, GD Guangdong, BJ Beijing, NM Nei Mongol, HA headache, LOC loss of consciousness, Of ocular
inflammation, MV mechanical ventilation, mRS modified Rankin Scale, NA not applicable
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Table 2 CSF findings of the

patients with pseudorabies virus No.  Onset to LP Pressure RBC WBC M Protein  Glucose
encephalitis time (days) (< 0.0098 kPa)  (x 10°ells/L)  (x 10cells/L) (%) (gL) (mmol/L)
275 0 30 45 0.39 4.20
NA 6 0 0 0.61 n.a.
2 230 NA 23 NA 049 7.01
14 280 NA 39 90 0.66 3.16
4 11 270 260 60 60 0.36 4.61
25 230 5 200 90 0.67 247
45 205 0 40 70 0.47 2.94
5 4 300 NA 8 NA 041 5.87
19 >300 NA 64 90 1.14 545
38 >330 NA 23 100  0.64 443
6 1 290 31 14 48 0.33 5.51
5 265 246 7 NA 0.56 6.84
11 215 300 50 89 0.93 5.78
7 1 250 0 6 NA 027 4.80
12 NA 0 20 95 0.29 3.90

CSF cerebrospinal fluid, LP lumbar puncture, NA not applicable, No. case number, RBC red blood cell, WBC

white blood cell, M mononuclear cell

bamazepine (CBZ). The patient was also empirically treat-
ed with acyclovir, foscarnet, and methylprednisolone.
Nine days later, NGS of CSF resulted in detection of
PRV DNA. Ten days later, he was intubated because of
respiratory failure. Three weeks later, he was extubated
and was able to communicate and walk. One month later,
the patient developed blindness bilaterally, and a fundu-
scopic examination showed vasculitis bilaterally, with oc-
clusion of the right retinal arteries and part of the left
retinal arteries (Fig. 2a, b). Optical coherence tomography
(OCT) showed right epiretinal membranes and macular
edema, as well as left retinal thinning (Fig. 2c, d).
Acyclovir and methylprednisolone were continued. Two
and a half months later, the patient’s vision had partially
improved. Four months later, he had residual symptoms of
memory loss and hand tremor bilaterally.

Case 3: A young male presented with fever, seizures, and
LOC for 3 days. On admission, a brain CT showed no abnor-
mality. Lumbar puncture revealed pleocytosis, mild elevation
of'the protein level, and a normal glucose level. The creatinine
and creatine kinase levels were significantly elevated. He was
intubated and treated with continuous renal replacement treat-
ment and was given VPA, clonazepam, and phenobarbital for
his seizures. One week later, NGS of CSF resulted in detection
of PRV DNA. Therefore, he was treated with acyclovir and
IVIg. Three weeks later, the pupils of the patient were dilated
and did not react to light. A brain CT was repeated and
showed a left basal ganglia hemorrhage. Four weeks later,
he was extubated. Five weeks later, a brain MRI showed le-
sions of FLAIR hyper-intensities in the bilateral insular lobes,
temporal lobes, frontal lobes, hippocampus, and brainstem

and a left basal ganglia hemorrhage (Fig. 1a—d). Ten weeks
later, he resumed consciousness and was able to obey
commands.

Case 4: A young female presented with high fever, psy-
chotic behavior, and recurrent seizures for 5 days. On admis-
sion, a brain MRI showed symmetric lesions of T1WI hypo-
intensities and T2WI hyper-intensities in the basal ganglia,
insular lobes, medial temporal lobes, frontal lobes and parietal
lobes bilaterally (Fig. 1le-h). Lumbar puncture revealed
pleocytosis, mild elevation of the protein level, and a normal
glucose level. Funduscopic examination showed bilateral fun-
dus hemorrhage and papilledema. The patient was empirically
treated with acyclovir and foscarnet and was given VPA and
CBZ for her seizures. She rapidly fell into a comatose state
and was intubated. She died 2 months later.

Pathogen investigation

PRV DNA was detected by NGS in the CSF samples of all
seven patients, but not in non-template controls (NTCs). An
additional 466 patients with clinically suspected CNS infections,
including tuberculous meningitis, cryptococcal meningitis, and
neurobrucellosis (Fan et al. 2017), were negative for PRV.
Among these seven patients, the numbers of raw reads ranged
from 13,170,121 to 48,512,319. The numbers of reads corre-
sponding to PRV ranged from 6 to 242, with genomic coverage
ranging from 0.2 to 16% and reads per million (RPM) ranging
from 0.18 to 18.37. The NGS results are provided here (see
Table 4; Supplementary Table 3 and Supplementary Figure 3).
Common contaminating microorganisms at our center have
been discussed elsewhere (Fan et al. 2017).

@ Springer



560

J. Neurovirol. (2020) 26:556-564

Fig. 1 Brain magnetic resonance
imaging (MRI) of patients with
PRV encephalitis. a—d Brain MRI
for Case 3 (35 days after disease
onset) showed lesions of FLAIR
hyper-intensities in the bilateral
insular lobes, temporal lobes,
frontal lobes, hippocampus, and
brainstem and a left basal ganglia
hemorrhage. e-h Brain MRI for
Case 4 (42 days after disease on-
set) showed symmetric lesions of
FLAIR hyper-intensities in the
basal ganglia, insular lobes, me-
dial temporal lobes, frontal lobes,
and parietal lobes bilaterally. i-1
Brain MRI for Case 5 (37 days
after disease onset) showed sym-
metric lesions of FLAIR hyper-
intensities in the bilateral insular
lobes, temporal lobes, frontal
lobes, parietal lobes, thalami,
hippocampus, basal ganglia, and
cerebral peduncle. m—t Brain
MRI for Case 7 (13 days after
disease onset) symmetric lesions
of FLAIR and DWI hyper-
intensities in the bilateral insular
lobes, temporal lobes, frontal
lobes, hippocampus, and basal
ganglia. u—x Brain MRI for Case
7 (5 months after disease onset)
showed diffuse symmetric lesions
of FLAIR hyper-intensities and
cerebral atrophy. CP cerebral pe-
duncle, He: hemorrhage of left
basal ganglia, Hi hippocampus,
IL insular lobe, FL frontal lobe,
TL temporal lobe, Th thalamus,
BG basal ganglia

The presence of PRV DNA in the CSF was con-
firmed by PCR in Cases 2 and 6 (Supplementary
Figure 4A-B.). In other cases, the volume of CSF sam-
ples was insufficient for PCR.

The serological results are summarized (see Table 3).
The serum and CSF samples of Cases 5 and 6 were
positive for both gB and gE antibodies, and the serum
sample of Case 3 was positive for both gB and gE
antibodies (PRV-gE antibody is applied for determining

@ Springer

wild-type virus infection and the PRV-gB antibody for
evaluating vaccine immunization).

Discussion

Here, we report a case-series of PRV encephalitis in humans
diagnosed with NGS of CSF (Table 4). Some of them were
further confirmed by Sanger sequencing and/or serological
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Fig. 2 Ophthalmologic examination of a patient with PRV encephalitis.
a, ¢ Funduscopic examination showed vasculitis bilaterally, with
occlusion of the right retinal arteries and part of the left retinal arteries.
b, d Optical coherence tomography (OCT) showed right macular edema,
accompany with a moth-eaten appearance, as well as left retinal thinning.

tests. Along with the seven cases here, there were 14 cases
with PRV encephalitis reported (Wang et al. 2019; Yang et al.
2019a, b; Zhao et al. 2018). The clinical features of the 14
cases were summarized in Table 5. The first case emerged in
2011, and the other cases occurred after 2017. Our findings
suggest that PRV can cause encephalitis and is highly lethal in

Table 3  Serological tests of the patients with pseudorabies virus

encephalitis

No. Onset to sampling ¢B ¢E
time (days)
10 + (Serum) — (Serum)

2 10 — (Serum) — (Serum)
10 — (CSF) + (CSF)

3 46 + (CSF) — (CSF)
46 + (Serum) + (Serum)
NK — (Serum) — (Serum)
36 + (Serum) + (Serum)
39 + (Serum) + (Serum)
52 + (Serum) + (Serum)
36 + (CSF) + (CSF)
39 + (Sputum) + (Sputum)

6 10 + (Serum) + (Serum)
12 + (Serum) + (Serum)
29 + (CSF) + (CSF)

7 7 + (Serum) — (Serum)
7 — (CSF) — (CSF)

Positive: S/N value < 0.6; negative: S/N value > 0.7

CSF cerebrospinal fluid, NK not known, No. case number

e, g Funduscopic examination photograph of a healthy adult. e Right side.
g Left side. f, h OCT of a healthy adult. f Right side. h Left side. VH
vitreous humor, R retina, MF macula fovea, RPE retinal pigment epithe-
lium, RA retinal artery, O occlusion of the retinal artery, T thinning of the
retina, M moth-eaten appearance

human, as in other non-native hosts. It also highlights the
importance of pathogen-discovery programs in encephalitis
of unknown etiology as a strategy for pandemic preparedness.

The patients with PRV encephalitis had several shared clin-
ical features. First, they all demonstrated severe CNS involve-
ment with rapid progression and an extremely poor prognosis.
Previously reported cases had mild symptoms and good out-
comes (Ai et al. 2018; Mravak et al. 1987). The three patients
reported in 1987 developed symptoms of fever, sweating,
weakness, and cranial nerves I, V, and IX involvement. All
recovered completely without sequelae (Sawitzky 1997). The
clinical symptoms and severity of the virus infection in
humans in our case series seem to match those seen so far in
other non-native hosts, such as monkeys (Hurst 1936). In
PR V-infected monkeys, nervous symptoms appeared abruptly
about 3 to 7 days after inoculation, followed by epileptic sei-
zures in the next 12 h; in severe cases, the monkey experi-
enced status epilepticus after an additional 24 or 48 h (Hurst
1936). PRV encephalitis in human progresses even more rap-
idly, with development of status epilepticus in less than
1 week. All seven patients were admitted to the ICU and
required intubation and mechanical ventilation. The prognosis
of our patients was extremely poor, supported by the fact that
four died and three had poor outcomes (mRS 3 and 5, respec-
tively). Second, simultaneous ocular infection could be caused
by PRV, symptoms of which were observed in three of the
seven cases in this study. This is consistent with a previous
report of human endophthalmitis caused by PRV infection (Ai
et al. 2018). Third, simultaneous pneumonia can be caused by
PRV. Although previous studies suggested that PRV attacks
only neural tissue in monkeys (Baskerville and Lloyd 1977,
Hurst 1936), accompanying pneumonia seems plausible
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Table 4 The NGS of CSF of the

patients with pseudorabies virus No. Sample volume DNA/RNA SSRN RPM Genomic
encephalitis (x10°L) library coverage (%)

1 300 RNA 141 291 10.9

2 300 DNA 30 1.44 25

3 300 DNA 52 2.10 1.87

4 300 DNA 64 3.19 49

5 300 DNA 20 1.06 1.6

6 300 DNA 242 18.37 16.0

7 300 DNA 6 0.18 0.2

CSF cerebrospinal fluid, DNA deoxyribonucleic acid, NGS next-generation sequencing, No. case number, RNA
ribonucleic acid, RPM reads per million, SSRN species-specific reads number

because pneumonia can precede encephalitis (as demonstrated
in Case 5) and PRV is tropic for the respiratory system of
swine (Zimmerman et al. 2012). The question of whether
PRYV can infect the human respiratory system warrants further
investigation. Fourth, the CSF changes may be mild in PRV
encephalitis, especially in the early stage. In our case series,
CSF samples showed mild inflammation with increased open-
ing pressure, mild pleocytosis, a normal or slightly increased
protein level, and a normal glucose level. WBC counts were
nearly normal in the first week of symptom presentation.
Fifth, PRV encephalitis is refractory to treatment. In our case
series, PRV encephalitis responded poorly to acyclovir and
immunotherapy. A previous in vitro study suggested that
dexamethasone potentiates PRV-induced CNS damage
(Clase and Banfield 2003). Sixth, it is possible that a negative

Table 5 Clinical features of 14 patients with pseudorabies virus
encephalitis
Features (n=14)

Age at onset, year, median (IQR, range) 48 (43-51, 27-57)

Male, n (%) 12 (85.7%)
Close contact with swine/pork, n (%) 13 (92.9%)
Resident in northern China 13 (92.9%)
Fever, n (%) 14 (100.0%)
Headache, n (%) 5 (35.7%)
Seizure, n (%) 14 (100.0%)
Loss of consciousness, 7 (%) 13 (92.9%)
Documented ocular involvement, n (%) 6 (42.9%)
Documented pneumonia, 1 (%) 12 (85.7%)
Mechanical ventilation, n (%) 13 (92.9%)
Good outcome (MRS <2), n 0
Documented death at last follow-up, n (%) 4 (28.6%)

The 14 patients included four patients first reported in the current study
and 10 patients reported previously (Wang et al. 2019; Yang et al. 2019a,
b; Zhao et al. 2018)

n number, /QOR interquartile range

@ Springer

result was observed in the gE/gB antibody tests within 10 days
after disease onset. Further studies are necessary to determine
the time course of the antibody response. Similar clinical fea-
tures can be seen in other reported cases (Wang et al. 2019;
Yang et al. 2019a, b).

The patients with PRV encephalitis also had several shared
neuroimaging features. First, the grey matter, including the
cortex and nuclei in the basal ganglia, was the main area
injured. The neuropathology of monkeys infected with PRV
also suggests that PRV affects predominantly the grey matter
(Baskerville and Lloyd 1977). Second, lesions in the brain
were extensive and not limited to the limbic system. Cases
2, 4, 5, and 7 had symmetric lesions of TIWI hypo-
intensities and T2WI hyper-intensities in the bilateral insular,
temporal, frontal, and parietal lobes and in the basal ganglia.
Cases 3, 4, and 5 also had lesions in the bilateral cerebral
peduncle. Previous pathological studies demonstrated that
young piglets tend to develop panencephalitis, with the most
severe lesions in the cerebral cortex, brain stem, spinal gan-
glia, and basal ganglia of the brain (Zimmerman et al. 2012;
Olander et al. 1966). In infected monkeys, the principal in-
jured areas are the pyriform area, cornu Ammonis, island of
Reil, lower lip of the Sylvian fissure, and basal surface of the
frontal lobe (Hurst 1936). The lesion distribution in our pa-
tients is consistent with the finding of pathological studies in
other mammals. Third, head CT is not sufficiently sensitive to
detect early stage lesions. Head CT was negative within
2 weeks of disease onset in our case series.

It is notable that most of the patients in our case series
reported a history of sustained exposure to swine production;
moreover, most were from northern China, the area of swine
pseudorabies (PR) outbreaks. Therefore, it is plausible that
human PRV encephalitis is of swine origin. The prevalence
of PRV in swine was high in China before introduction of the
glycoprotein E (gE)-deleted PRV vaccine (Bartha-K61 strain)
from Hungary in the 1970s, which effectively controlled PR
(Liu et al. 2018; Tong et al. 2015). Although more than 90%
of pigs are positive for PRV-gB antibody (Liu et al. 2018),
another outbreak of swine PR occurred in late 2011 in
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northern China (An et al. 2013; Luo et al. 2014; Tong et al.
2015; Wu et al. 2013; Yu et al. 2014; Zhang et al. 2015) and
was associated with a substantial increase in the PRV-gE an-
tibody positive rate (Liu et al. 2018; Gu et al. 2018) and in the
infection rates of non-native hosts (Jin et al. 2016; Liu et al.
2017; Wang et al. 2018; Zhang et al. 2015). This evidence
supports the hypothesis that a PRV variant, genetically differ-
ent from classic PRV strains, is the cause of the outbreak of
PR (Anetal. 2013; Luo etal. 2014; Tong et al. 2015; Ye et al.
2015). The absence of human infection in China prior to 2011
might be because the original version of the virus does not
easily infect humans or because it is not particularly pathogen-
ic, whereas a mutated pseudorabies virus might be responsible
for the more recent reports. Unfortunately, we are unable to
establish causation due to the small number of samples; fur-
ther phylogenetic studies are needed to confirm our findings.
The PRV-gE positive rate is more than 50% in northern
China, indicating severe variant PRV infection pressure (Luo
etal. 2014; Ye et al. 2015). However, it does not necessarily
indicate that the virus is on course to cause a severe epidemic;
PRV is not highly transmissible between animals except
swine, and the spread of PRV in pig farms responds vigorous-
ly to the traditional vaccine. Additionally, there is no evidence
of human-to-human transmission. However, vigilance with
regard to human infections is necessary due to their clinical
severity, and continuous monitoring and regular assessments
of the epidemiological characteristics and clinical severity of
human infections are required for pandemic risk assessment.
In conclusion, clinicians should be aware of the possibility
of PRV encephalitis especially in patients with severe
panencephalitis with characteristic neuroimaging features, es-
pecially with occupations associated with swine products.
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