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A B S T R A C T   

Background: India has the second largest COVID-19 epidemic in the world as per current estimates. Central and 
peripheral nervous system involvement in COVID-19 (Neuro COVID-19) has been increasingly identified and 
reported. This letter is the first report of the spectrum of neurological disorders observed in patients with severe 
COVID-19 from a resource limited setting like India. Till October 30th 2020, Noble hospital and research center, 
Pune, India has admitted 2631 patients of COVID-19. Out of these, 423 patients had severe COVID-19. 
Neurologic complications in severe COVID-19 in Pune, India: Of the 423 patients with severe COVID-19, 20 (4.7%) 
had pre-existing neurologic co-morbidities, with cerebrovascular disease (8 patients) being the most common. 
Poliomyelitis (4 patients) was also an important co-morbidity associated with severe COVID-19. Bodyache or 
myalgia (207/423, 49 %) and headache (59/423, 13.9 %) were the most common neurologic symptoms observed 
in patients. Encephalopathy (22/423, 5.2 %) and new onset large vessel ischemic stroke secondary to cerebral 
artery thrombosis (5/423, 1.1%) were the most common secondary neurologic complications noted in our 
cohort. 
Two cases of COVID-19/central nervous system tuberculosis co-infection were also identified. 
Challenges in management of Neuro COVID-19 in India: Various challenges like an overwhelmed health care sys
tem, inadequate workforce, lack of exhaustive reporting of symptoms and poor availability of neuroimaging in 
ventilated COVID-19 patients leads to underestimation of Neuro COVID-19 in resource limited settings like India.   

1. Background 

The disease caused by severe acute respiratory syndrome coronavi
rus 2 was designated as coronavirus disease-2019 (COVID-19) in 
February 2020, by World Health Organization (WHO) [1]. COVID-19 
spread rapidly worldwide, and India was no exception. As of October 
30, 2020, there have been more than 8 million confirmed cases and 0.12 
million deaths due to COVID-19 in India [2]. India is a lower middle 
income country, but lags behind only the United States of America (USA) 
in total COVID-19 case count. 

Central and peripheral nervous system involvement in COVID-19 
(Neuro COVID-19) has been increasingly identified and reported 
[3–9]. In this letter, we elucidate unique characteristics and challenges 
encountered in the management of Neuro COVID-19 by physicians in a 
tertiary level private hospital in Pune, Western India. Noble hospital and 
Research Centre (NHRC), Pune provides clinical care, diagnostic, and 
treatment services to COVID-19 patients since April 2, 2020. Pune is 
located in the State of Maharashtra and is one of the epicenters of the 

COVID-19 pandemic in India [2]. Data of all hospitalized patients are 
entered real time into an electronic database (Lifeline electronic data
base, Manorama infosystems, Kolhapur, India). It includes hospitaliza
tion dates, demographics, co-morbidities, presenting symptoms, clinical 
examination data, laboratory data, microbiology reports, imaging re
ports, data on the use of supplemental oxygen, ventilation parameters 
(noninvasive or invasive ventilation), and hospital outcomes. Till 
October 30, 2020, NHRC had admitted 2631 patients of COVID-19. Out 
of these, 423 patients had severe COVID-19. Severe COVID-19 was 
defined as the presence of clinical signs of pneumonia (fever, cough, 
dyspnea, and fast breathing) plus one of the following: respiratory rate >
30 breaths/min, severe respiratory distress, or SpO2 < 90% in room air, 
or acute life-threatening organ dysfunction [10]. Data on neurological 
comorbidities, neurological symptoms, and secondary complications 
were obtained from the electronic health record and inpatient case files 
of each patient by manual abstraction. 
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Fig. 1. An MRI of the brain (plain plus contrast) showing central nervous system tuberculomas with associated perilesional edema and meningitis in a patient with 
COVID-19 infection. 
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2. Neurological comorbidities and neurological symptoms 
associated with COVID-19 

Of the 423 patients with severe COVID-19, 20 (4.7%) had preexisting 
neurological co-morbidities, with cerebrovascular disease (8 patients) 
being the most common. Preexisting cerebrovascular disease has been 
associated with a more severe form of COVID-19 and an increased risk of 
invasive mechanical ventilation and death [11,12]. Poliomyelitis was 
the second most common neurological co-morbidity associated with 
severe COVID-19 (4 patients). The association between preexisting 
poliomyelitis and severe COVID-19 has not been reported earlier. Alz
heimer’s disease (1 patient), Parkinson’s disease (2 patients), psychiat
ric disorders like Schizophrenia (2 patients), Cerebral palsy (1 patient), 
Myasthenia Gravis (1 patient), and Epilepsy (1 patient) were the other 
neurological co-morbidities noted in our cohort. Body ache or myalgia 
(207/423, 49%), headache (59/423, 13.9%), anosmia (12/423, 2.8%), 
dysgeusia or hypogeusia (35/423, 8.3%), and lightheadedness or un
steadiness during walking (7/423, 1.65%) were the most commonly 
observed neurological symptoms in our cohort. 

3. Incidence of secondary neurological disease or neurological 
complications after COVID-19 

The most common secondary neurological complication seen in pa
tients was Encephalopathy (22/423, 5.2%). Encephalopathy was 
defined as change in personality, behavior, cognition, or consciousness 
(including clinical presentations of delirium or coma) in patients 
without the evidence of brain inflammation [13,14]. A wide variety of 
causative agents could be responsible for encephalopathy, including the 
virus, hypoxia, drugs, and metabolic derangements [13]. Out of the 22 
patients who developed encephalopathy during hospital admission, only 
4 (18.2%) survived. Acute disseminated meningoencephalitis (ADEM, 
1/423, 0.2%), large vessel ischemic stroke secondary to cerebral artery 
thrombosis (5/423, 1.1%), seizures (2/423, 0.4%), intracranial hemor
rhage (2/423, 0.4%), acute transverse myelitis (1/423, 0.2%), and 
Guillain-Barre syndrome (GBS, 1/423, 0.2%) were the other neurolog
ical complications observed in our cohort. In addition, two cases of 
central nervous system tuberculosis (CNS TB) and COVID 19 
co-infection have also been identified (Fig. 1). Both the patients pre
sented with symptoms of fever, headache, vomiting, and altered sen
sorium and were found to have COVID-19/CNS TB co-infection. Both of 
them had mild COVID disease, no evidence of pulmonary involvement 
due to tuberculosis, and tested seronegative for HIV infection. Cere
brospinal fluid (CSF) examination revealed an elevated protein level, 
low glucose level (< 40 mg/dL), and lymphocytic pleocytosis. Myco
bacterium tuberculosis was identified in the CSF sample of both the pa
tients (Cartridge-based Nucleic acid Amplification test (CB-NAAT), 
Xpert MTB/RIF Ultra, Cepheid, USA). CSF was not evaluated for 
COVID-19 in both the instances. The authors believe that the cases of 
COVID-19/CNS TB co-infection were incidental in a high 
COVID-19/high TB burden setting [15]. One patient progressed to coma 
and died, while the other made a complete neurological recovery. There 
was an association between the development of secondary neurological 
complications during hospital admission and mechanical ventilation 
and death, although the direction of this association cannot be deter
mined from the cross-sectional nature of this study. 

4. Challenges associated with the management of neurological 
complications in COVID-19 

An overwhelmed health care system, inadequate workforce, and the 
lack of exhaustive reporting of symptoms due to relentless pressure to 
triage patients with severe COVID-19, could be responsible for the lower 
incidence of neurological symptoms and co-morbidities reported in our 
cohort. Infrastructure required for the rapid diagnosis of secondary 
neurological complications like neuroimaging (Magnetic resonance 
imaging of the brain and spinal cord), nerve conduction studies, and CSF 
examination is not routinely available in resource limited settings like 
India, particularly in patients on noninvasive or invasive ventilation 
leading to the underestimation of the problem. In addition, the avail
ability of a neurologist for bedside or remote assessment through tele
medicine is not routinely available for patients admitted in rural 
settings. Treatment modalities for the management of ADEM and GBS 
like intravenous immunoglobulin and plasmapheresis are also not 
routinely available in India. 
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