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Key points: 

➢ SARS-CoV-2: potential of entering the CNS? 

➢ Initially diagnosed with meningitis /encephalitis: now said to be infected with SARS-CoV-2. 

➢ Failure to find the link between COVID and neurological presentation leading to poor diagnosis and 

management. 

 

Mid-December 2019 marked the beginning of a pandemic in 

Wuhan City, China, caused by the novel corona virus spread 

all across the world in 3 months. This disease, now called 

COVID-19, is caused by the viral agent SARS-CoV-2.1  It is 

generally known to cause respiratory symptoms but equally 

has the potential for causing neurological complications.2 In 

a study conducted on 138 patients, most common clinically 

analyzed symptoms were fever ( 99%), dry cough(60%), 

fatigue(70%) , myalgia (35%), dyspnea (31%), diarrhea 

(10%) , nausea (10%),dizziness (9%), headache (6%) , 

vomiting (4%) and abdominal pain (2%) .  In addition to these, 

recent reports have highlighted neurological symptoms to be 

the second most important presentation in COVID-19 

patients.3 

Neurological presentation: 

A case study of 214 patients hospitalized due to COVID-19 in 

Wuhan, China, showed that approximately 36% COVID-19 

patients had neurological presentations. These symptoms 

appeared in various forms including meningitis, encephalitis, 

anosmia, Guillain Barre Syndrome, or less severe symptoms 

like dizziness, headache, nausea, myalgia, vomiting, and 

fatigue.3, 4 

Recent reports on SARS-CoV-2 infection showed various 

neurological manifestations including meningoencephalitis, 

viral encephalitis, ischemic stroke and hemorrhagic stroke. 

According to these reports, some patients had 

meningoencephalitis as an initial presentation, even though 

other more common symptoms like cough were absent in 

them. Hence, meningoencephalitis showed potential to be a 

sole initial indicator. These reports indicate that SARS-CoV-

2 can directly affect the CNS and failure of prompt 

management can lead to poor prognosis, worsening clinical 

state and eventual or sometimes sudden death. Therefore, it 

is critical to acknowledge possible neurological symptoms 

and treat them timely for swift recovery in COVID-19 

patients.3, 5 

An example of a case of an obese diabetic female in her 40’s 

showed the capability of the virus to present with neurological 

symptoms that initially seemed unrelated. The woman 

presented with headache, fever and an onset of seizure. Her 

temperature was initially recorded as 100.5 F°. Respiratory 

rate between 12 and 24, O2 saturation 99% and blood 

pressure of 126/68 mmHg was recorded and no respiratory 

distress was present. She was awake and well oriented, had 

no focal neurological deficit but had stiff neck and 

photophobia. Her X-ray of skull, CT scan of head, LFTs, 

RFTs, ECG, and blood cell counts all turned out to be normal. 

A white blood cell count of 70, with all of them being 

lymphocytes, was found on cerebral spinal fluid (CSF) 

analysis.5 

She was admitted to receive treatment for viral meningitis. 

Initially, she was started on antibiotics i.e. Ceftriaxone and 

Vancomycin, for meningitis but this medication was later 

discontinued as no improvement was seen. Later, Acyclovir, 

given for viral meningitis was also discontinued upon 

negative PCR results of Herpes simplex virus. Her 

temperature rose abruptly to 103.4 F° without reaching 

baseline in 48hr. She presented with neurological symptoms 

including gradually worsening encephalopathy accompanied 

with altered consciousness. Due to her continuously 

increasing temperature, COVID-19 testing was ordered 

which came back positive. Her condition finally began to 

improve five days after being started on hydroxychloroquine, 

considered effective against COVID-19.4,5  

In another patient, frequent maxillofacial angular twitching, 

slow response for light, increased muscle rigidity, neck 

stiffness and bilateral ankle clonus were presented. The 

cerebrospinal fluid analysis showed high pressure i.e. 330 

mmH20. In this case, initial samples taken by 

nasopharyngeal swabs had no sign of the virus, leading to 

diagnosis of encephalitis. However, follow-up tests on CSF 

samples came out to be positive for COVID-19. This led to 

the conclusion of initial infiltration of the virus into the CNS 



 

        

causing neurological presentations, which may be 

overlooked as not being the initial symptoms of COVID-19.3 

Pathophysiology of Neurological presentation: 

The SARS‐CoV‐2 virus is a part of the β‐coronavirus family, 

which also includes viral agents that caused some of the past 

pandemic outbreaks like MERS‐CoV, NCoV‐OC43, SARS‐

CoV‐1 and HCoV‐HKU1. CNS disorders have also been 

reported in these previous coronavirus (CoVs) strains. 

According to a study, approximately 12% of the children with 

respiratory diseases and an acute encephalitis-like 

syndrome, showed signs of having an acute coronavirus 

infection. Patients with MERS were also reported to have 

encephalitis, including Bickerstaff’s encephalitis.1,6 

Experimental trials showed CoVs ability to cross the blood-

brain barrier (BBB) and invade CNS leading to neurological 

presentations. Four routes of transmission into CNS have 

been acknowledged:7 

 

Figure 1: CoVs infiltration through olfactory nerves8 

• CoVs infiltrate the brain using olfactory nerves (Figure 1) 

as a pathway, that lead to brain infections involving the 

thalamus and the brain stem. Furthermore, as seen in 

animal trials, the death rate in mice was found to be 

increased after infection with SARS-CoV through 

intranasal inoculation, neuro-invasion and tissue death 

by the agent, in the brainstem through olfactory nerve 

route.7 

                   

     

Figure 2: Modes of transmission of CoVs into CNS 

(Source: J Neurovirol.2020 May 16: 1–6) 

• In the second pathway, CNS is invaded though cellular 

invasion (Figure. 2). CoVs release infectious 

monocytes/macrophages that cross the BBB and invade 

the nervous system. Various studies report that infected 

monocytes/macrophage act as a viral-reservoirs leading 

to infiltration into other body tissues.7 

• CoVs invade the CNS through microvascular endothelial 

cells of BBB in the third pathway (Figure 2). Virus can 

enter the CNS through two varieties of SARS-CoV 

receptors present on endothelial cells. These may be 

angiotensin-converting enzyme 2 (ACE2) or CD209L. 

Spike proteins of these viruses bind to the ACE2 

receptors causing neurological complications in COVID-

19 patients. The ACE2 receptors are particularly 

expressed in the brain stem and cardiovascular 

regulating regions of the subfornical organ, rostral 

ventrolateral medulla, paraventricular nucleus and 

nucleus tractus solitarius .1,6,7 

• Lastly, the virus enters the peripheral nerves and 

invades the CNS through trans-synaptic transmission 

(Figure.2).Animal trials show that after injection of 

hemagglutinating encephalomyelitis virus (HEV) through 

the hind foot of rat, the virus expresses itself in the motor 

cortex of the brain in the form of vesicles. It then 

infiltrates the peripheral nerves via a trans-synaptic route 

and travels to the brain in the form of vesicles.7 
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7229881/figure/Fig1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7229881/figure/Fig1/


 

        

Encephalitis and Meningitis: 

Encephalitis is a disease with inflammatory lesions in brain 

parenchyma caused by neuro-invasion of pathogens. Its 

symptoms mainly include altered consciousness, 

convulsions, high grade fever, vomiting and headache.8 

The β‐coronavirus NCoV‐OC43, is found to infect neurons in 

culture media, leading to encephalitis associated with 

neuronal degeneration (Figure 3). In a hospital in Chenzhou, 

China, approximately 12% of the children hospitalized with 

acute encephalitis had anti‐CoV antibodies in their serum and 

cerebrospinal fluid.6 

Due to its relation with COVID-19, early diagnosis of viral 

encephalitis is critical. In Beijing Ditan Hospital, strains of 

SARS-CoV-2 were confirmed to be present in CSF of patients 

with encephalitis by genome sequencing. Hence, clinically 

verifying CoVs to be a cause of viral encephalitis in these 

patients.8 

 

Figure 3: Development of Neurological presentations in 

COVID-198 

Some cases initially suspected for encephalitis were later 

diagnosed to be caused by SARS-CoV-2. An obese woman 

in her 40’s, who came in with fever and syncope, was 

admitted for encephalitis. Test results for influenza A and B 

viruses and PCR HSV were negative. In this case, though 

initially, SARS-Cov-2 strains were not detected, they came 

out positive after reverse transcription PCR. The patient 

recovered gradually after being medicated on 

hydroxychloroquine. Her mental status also improved and 

became completely normal by day 12 of hospital visitation.9 

Same series of events were noted in patients that were 

initially diagnosed with meningitis i.e. inflammation of 

meningeal coverings of the brain and spinal cord, but were 

later on diagnosed with COVID-19. A case of 

meningitis/encephalitis associated with SARS-CoV-2 was 

reported in Japan. The patient came in having convulsions 

and disrupted consciousness. White blood cell count and C-

reactive proteins were greatly increased in blood reports. No 

brain edema was seen in CT head, but CT lungs showed 

small opacities on right upper and bilateral inferior lobes of 

the lungs. MRI report exhibited encephalitis on the right 

medial lobe and hippocampus and also right lateral 

ventriculitis. PCR-RT results were positive for presence of 

SARS-CoV-2 RNA in the CSF but negative for its presence 

in nasopharyngeal swab. He was given Laninamivir and 

antipyretic medications for fever, fatigue and headache.4 

Another patient also presented with similarly. His family had 

found him lying on the floor and also reported that he had 

seizures that lasted for 1 minute. His neck had obvious 

stiffness. Similar to the pattern shown in the previous cases 

of SARS-CoV-2 strains, PCR-RT results showed presence of 

SARS-CoV-2 RNA in the CSF of this patient, but not in the 

nasopharyngeal swab.10 

Conclusion: 

SARS-CoV-2 is a neuro-invasive virus and if not managed 

accordingly, can cause poor prognosis, decreased healing 

proficiency and in worse cases, spontaneous death.  

Meningitis or encephalitis can be initial but infrequent 

presentations in patients with COVID-19. Thus, its possibility 

cannot be excluded just on the basis of negative RT-PCR 

results. Patients suffering with diseases concerning 

neurological presentations must be diagnosed for SARS-

CoV-2 through RT-PCR on CSF sample. 
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