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ABSTRACT 

Paralytic rabies is an atypical form of the disease that is notoriously difficult to diagnose early due to the absence of classic features 
like hydrophobia. The case being discussed presents a patient who has altered mental status, for whom the initial diagnosis was 
difficult due to an absent clear bite history and typical symptoms. The final diagnosis of the case was confirmed by metagenomic 
next-generation sequencing (mNGS) of directly from cerebrospinal fluid, which led to the detection of the rabies virus. This case 
underscores the critical diagnostic value of mNGS in identifying elusive neurotropic infections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 Introduction 

Rabies is a neuroinfectious disease that causes approximately
60,000 human deaths per year (Chen et al. 2018 ; Jackson 2014 ).
Domestic dogs remain the primary reservoir hosts for the virus
across Eurasia and Africa, while vampire bats serve as the impor-
tant reservoir in the Americas (Pfaff et al. 2019 ; Hemachudha et al.
2013 ; Wilde et al. 2013 ; Fooks et al. 2014 ). The disease manifests
in two primary clinical forms: the encephalitic (‘furious’) type,
which accounts for approximately 80% of cases, and the paralytic
(‘dumb’) type, comprising the remaining 20% (Jackson 2014 ). The
diagnosis of the paralytic Rabies form is particularly challenging
for clinicians due to its absence of characteristic features, a
difficulty compounded by the broad differential diagnosis of
pathogens that can cause central nervous system infections
(Dedkov et al. 2016 ; Wang et al. 2017 ). Metagenomic next-
generation sequencing (mNGS) has transformed the diagnosis of
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central nervous system (CNS) infections, enabling the detection 
of fastidious pathogens. 

Despite its potential, the application of mNGS to frequently mis-
diagnosed diseases such as paralytic rabies is rarely documented.
This case report aims to address this literature gap and highlight
the utility of mNGS in diagnosing such challenging cases. 

2 Case Presentation 

One week previously, a 69-year-old female patient, who until
then had been free from any significant health issues, was
admitted to Community Hospital with complaints of numbness
and dizziness, in addition to limb weakness. The patient reported
no obvious cause for these symptoms. Four days prior, there was
an exacerbation of the symptoms of numbness, accompanied 
its use, distribution and reproduction in any medium, provided the original work is properly 
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by the onset of vomiting. One day before, the patient exhibited
symptoms including visual hallucinations, incoherent speech,
and a decline in consciousness (GCS 7/15: E2M4V1). On 10
October 2021, she was transferred to our emergency department.
Upon admission, the patient’s temperature was recorded at
36.5◦C, while her pulse rate was documented as 88 beats per
minute, her respiratory rate was 20 breaths per minute, and her
blood pressure was 88/56 mmHg. A neurological examination
was conducted, which revealed the following findings: the patient
was comatose, with equally sized and round pupils (measuring
diameter: 2.5 mm); the light reflexes were sluggish; and there
was an absence of meningeal signs or focal deficits. The results
of the laboratory examination revealed a white blood cell count
(WBC) of 16.01 × 109 /L and a procalcitonin (PCT) concentration
of 0.647 ng/mL. A blood gas analysis revealed the following
concentrations: potassium ions (K + ) at 3.4 mmol/L, sodium ions
(Na + ) at 130 mmol/L, and lactic acid (Lac) at 2.7 mmol/L. The
liver function and renal function markers did not demonstrate
any obvious abnormalities. The patient was found to have a
negative antinuclear antibody titre. Head CT ruled out struc-
tural lesions, while chest CT demonstrated right lung infiltrates
suggestive of pneumonia. Due to rapid neurological decline and
suspected sepsis-associated encephalopathy, she was transferred
to the intensive care unit for further management. During the
preliminary evaluation, the following neurological disorders were
considered: intracranial infection and Guillain–Barré syndrome.
Following admission, the patient was treated with protective tra-
cheal intubation, mechanical ventilation, remifentanil analgesia,
propofol sedation, norepinephrine to maintain blood pressure
and ceftriaxone as an anti-infective agent. 

As of 11 October 2021, the patient’s consciousness disorder
remained unchanged. A lumbar puncture was conducted, yield-
ing a clear and colourless cerebrospinal fluid (CSF). The CSF
routine examination revealed a nucleated cell count of 28.00
× 106 /L, with a predominance of mononuclear cells (71%), and
the CSF protein electrophoresis yielded a negative result. The
biochemistry of the cerebrospinal fluid (CSF) revealed the fol-
lowing concentrations: lactate dehydrogenase, 41.0 U/L; glucose,
3.98 mmol/L (fingertip blood glucose, 6.5 mmol/L); adenosine
deaminase (ADA), 1.9 U/L; chloride, 112.6 mmol/L; and total
protein, 0.365 g/L. In light of the probable diagnosis of viral
encephalitis, the therapeutic regimen was amended to include
the addition of Ganciclovir, and cerebrospinal fluid (CSF) was
dispatched to a third-party testing company, namely the Sichuan
Jinyu Medical Testing Center for unbiased mNGS Specifically,
separate DNA and RNA libraries were sequenced on the Illumina
NextSeq 550 platform. Pathogens were identified by aligning non-
human reads to a comprehensive database and were only reported
if they met predefined criteria ( ≥ 3 unique reads, > 1% genome cov-
erage, and a significantly higher signal than negative controls). 

On 13 October 2021, the patient exhibited signs of an epileptic
seizure. In order to treat the condition, administration of the
pharmaceutical drug Midazolam was initiated. Concurrently,
the patient exhibited signs of hypernatraemia, necessitating the
administration of sodium-lowering agents to address the condi-
tion. On 14 October 2021, the mNGS assay detected nucleic acids
of Rabies lyssavirus in the CSF, as evidenced by 11 unique reads
and a genome coverage of 1.31% (156/11926). Sequences aligning to
Epstein–Barr virus (EBV) were also identified (12 reads; 0.4289%
2 of 4
coverage; 92.31% relative abundance), the clinical significance 
of which remains unclear (see Table S1 for details). A detailed
medical history was obtained from the patient’s family members.
The patient exhibited a documented history of exposure to dog
scratches and bites, with the most recent occurrence occurring
over one year ago, and the previous one occurring over a decade
ago. The patient did not receive the vaccine for rabies in a timely
fashion. The final diagnosis was paralytic rabies. On 15 October
2021, the patient’s consciousness deteriorated to a profound coma,
with a GCS score of 3 points. The pupils were found to be bilater-
ally equal in size and shape, exhibiting an approximate diameter
of 4 millimetres. The presence of the pupillary light reflex was not
observed. On the 7th day after the patient’s admission to the hos-
pital, she succumbed to central respiratory and circulatory failure.
The temporal progression of the disease is illustrated in Figure 1 . 

3 Discussion 

The clinical stages of rabies are as follows: incubation period,
prophase of clinical symptoms (prodrome), acute nervous period, 
coma period, and death (Hemachudha et al. 2013 ). The symptoms
of furious rabies are characterised by changes in consciousness
and mental state, hydrophobia, acrophobia, and symptoms of 
autonomic nerve stimulation, and the most specific feature 
is hydrophobia (Jackson 2014 ). Paralytic rabies, on the other
hand, is distinguished by its absence of the aforementioned
characteristics and its clinical manifestations are mimicking 
Guillain-Barré syndrome (Pannu et al. 2019 ; Kumar et al. 2019 ,
Mahadevan et al. 2016 ). 

The primary diagnostic method for rabies is the use of flu-
orescent antibody staining to detect rabies virus antigen in
skin biopsy samples. Furthermore, the presence of neutralising
anti-rabies virus antibodies in the cerebrospinal fluid (CSF) is
widely regarded as substantial evidence of rabies encephalitis. 
Additionally, the detection of rabies virus RNA in saliva by
reverse transcription polymerase chain reaction (RT-PCR) is a 
significant diagnostic test (Jackson 2014 ). However, it should be
noted that the aforementioned laboratory methods are frequently 
only able to detect the disease in its late stages, and a negative test
result cannot exclude the diagnosis of rabies. Metagenomic next-
generation sequencing (mNGS), also termed clinical metage- 
nomics, is characterised by the parallel sequencing of all nucleic
acids (DNA and/or RNA) within a specimen. Subsequently, the
sequenced data are compared against known microbial databases, 
allowing for the identification of microorganisms present in 
the sample and enabling the unbiased detection of pathogens
(Simner et al. 2018 ; Zinter et al. 2019 ). As a recently developed
technology, mNGS has been employed in clinical practice in
recent years. The present methodology has been demonstrated
to exceed current microbial diagnostic methods in identifying 
pathogens that are recalcitrant to cultivation and conducive to the
expeditious identification of pathogens (Xu et al. 2020 ; Yi et al.
2020 ). 

Furthermore, in this study, Epstein–Barr virus (EBV) was inci-
dentally detected in the patient’s cerebrospinal fluid (CSF) by
mNGS. Although EBV is recognised as a causative agent for
certain central nervous system diseases, its detection in the CSF
must be interpreted with caution. It is important to note that the
Veterinary Medicine and Science, 2026



FIGURE 1 Patient treatment timeline. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

presence of EBV-DNA does not necessarily indicate causation,
especially in the absence of serological evidence of primary
infection or a positive in situ hybridisation result for Epstein–
Barr virus-encoded small RNAs (EBERs) in pathological tissue
(Wang et al. 2022 ; Chinese Society of Medical Virology, Chinese
Society of Infectious Diseases, Chinese Medical Association
2018 ). Furthermore, the prevalence of EBV infection is over 90%
in the adult population worldwide, while its direct involvement in
nervous system disease is uncommon and occurs predominantly
in paediatric populations (Nakamura et al. 2017 ; Baldwin and
Cummings 2018 ; Luzuriaga and Sullivan 2010 ). Consequently, its
presence in the CSF may frequently be attributable to nonspecific
viral reactivation, particularly in critically ill patients, those
with immune dysfunction, or in the context of another primary
central nervous system insult. In this context, the detection
of EBV is more likely to reflect immunosuppression resulting
from the patient’s severe systemic or central nervous system
disease state than to represent a primary etiology(Soldan and
Lieberman 2023 ). Therefore, on the basis of the epidemiological
and clinical context, Epstein–Barr virus (EBV) is considered an
unlikely causative agent in this case, and the primary etiology is
confidently attributed to the rabies virus. 

A comprehensive review of the literature on rabies cases was
conducted, which resulted in the identification of eight cases, as
outlined in Table S2 (Chen et al. 2018 ; Dedkov et al. 2016 ; Regnault
et al. 2022 ; McDermid et al. 2008 ; Pin et al. 2022 ; Tricou et al. 2014 ).
Of the eight subjects, six were male and two were female, with
ages ranging from 7 to 73 years. With regard to exposure, three
cases had a documented history of animal bites, one case involved
bat exposure, two transplant recipients had donors with a history
of animal bites, and two did not report any such history. Five
patients presented with furious rabies, and three presented with
paralytic rabies. Of the eight patients, seven were diagnosed using
PCR and seven by NGS, with six receiving both tests. It is worthy
of note that one patient was initially found to be negative on the
initial mNGS test upon admission, yet subsequently returned a
positive result on the saliva-based mNGS test performed on the
fifth day. Furthermore, three patients succumbed to encephalitis
of an unknown etiology, with the diagnosis only being confirmed
post-mortem. With the exception of one patient who was not
available for further follow-up, all seven remaining patients died.
Veterinary Medicine and Science, 2026
These fatal rabies cases reveal critical gaps in prevention. Infec-
tions following known exposures indicate failures in timely 
prophylaxis, whereas cases without clear bites, including those 
of a transplanted origin, demonstrate variable transmission 
routes. The post-mortem diagnosis of three patients with unex-
plained encephalitis highlights the profound diagnostic chal- 
lenge, which is further compounded by the limitations of
initial testing, as evidenced by delayed positive results. Con-
sequently, the utilisation of repeated or multimodal molecular 
testing, such as broad-range PCR and NGS, is imperative for
clinically suspected cases. Collectively, these findings not only 
emphasise the urgent need for enhanced public awareness 
and vigilance among healthcare professionals to prevent fatal- 
ities but also offer new insights for clinicians managing rare
diseases. 
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