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Introduction: Coronavirus Disease-19 (COVID-19) is an ongoing pandemic caused by highly contagious virus severe acute respiratory syndrome
coronavirus-2 (SARS-COV-2) that has infected millions of people across the world. Most of the countries have seen two wave patterns of
the pandemic. The second wave is potentially more challenging due to high influx of cases, differing properties of the emerging mutants, and
other dynamics of the evolving pandemic. Neurological manifestations are common among COVID-19 positive patients. In this context, the
present study attempts to compare the neurological manifestation in the first and second waves of COVID-19. Methodology: A single-center
retrospective observational study was undertaken to compare neurological manifestations in the first and second waves of COVID-19. A sample
of 1500 patients in the second wave admitted with COVID-19 were included in this study and the findings were compared with 1700 patients
in the first wave (data derived from a former study in the same center). A detailed questionnaire addressing co-morbidities, admission details,
and clinical features was employed to collect data from the hospital records. Results: Out of 1500 COVID-19 patients in the second wave of
COVID-19, 355 (23.7%) of them had one or more neurological manifestations during their in-patient stay. The most common neurological
symptom in the 2" wave of COVID-19 was headache reported in 216 (14.4%) of patients followed by fatigue in 130 (8.7%), myalgia in
120 (8.0%), smell and taste disorders (STD) in 90 (6.0%), altered sensorium in 40 (2.7%), dizziness in 24 (1.6%), seizures in 34 (2.3%),
encephalopathy in 26 (1.7%), strokes in 13 (0.9%), etc., Compared to the first wave of COVID-19, dizziness (P < 0.001), myalgia (P =0.001),
headache (P <0.001) and meningoencephalitis (P =0.01) were more common while cerebrovascular syndromes (P =0.001) were less common in
the second wave. The mortality in the 2™ wave neurological subgroup was higher [66 (18.6%)] than 1* wave neurological subgroup [23 (10%)].
Conclusion: Meningoencephalitis, headache, and seizures were found to be more common in second wave as compared to first wave. The
severity and mortality rate were higher in the second wave.
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INTRODUCTION more mobile for economic activities. The disease spread
and test positivity rate are much higher in India during the
second wave, which has led to increased requirements for
oxygen and mechanical ventilation.?® However, a study from
France showed that a lower proportion of patients required
mechanical ventilation and a smaller number of thrombotic
events occurred in the second wave compared to the first.[

COVID-19 is an ongoing pandemic caused by severe acute
respiratory syndrome coronavirus-2 (SARS-COV-2), which
was first reported in Wuhan China on December 2019.t"
As of August 2021, around 200 million confirmed cases of
COVID-19 have been reported including 4.3 million deaths
globally and 32 million confirmed cases, and 430 thousand A pgther key determinant of the clinical impact of the second
deaths in India.”) The second wave of COVID-19, which  yave s the emergence of viral mutants like “delta,” which are
began in 11 February 2021,") and peaked in May 2021 has  ¢qnsidered to be highly infectious and resistant to treatment

hit India very hard with the daily cases reaching nearly three  meagures and vaccines.” Neurological manifestations have
times that of the first peak. The first wave peaked at the end
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been an important component of the clinical spectrum of the
pandemic. Given this scenario, the neurological presentations
of SARS-CoV2 could potentially show clinically relevant
differences between the two waves, which have not been
specifically addressed in medical literature till date.

The dynamic nature of the clinical presentations needs
to be studied to understand the clinical impact of several
factors, which has emerged over time like new viral mutants,
vaccination, and readiness of health care sector. The
neurotropism of the virus and the inflammatory response to
infection could also undergo significant change over time.
The study attempts to indirectly understand the impact of
these changes by evaluating the difference in neurological
presentations of the first two waves of the pandemic in the
state of Kerala. This understanding could be potentially useful
for constructing future strategies and policies.

MEeTHODOLOGY

This was a single-center retrospective observational study
comparing neurological manifestations in the first and second
waves of COVID-19 conducted at Aster Malabar institute of
medical sciences and research center (Aster MIMS) Hospital.
The hospital is a National Accreditation Board for Hospitals
and Healthcare Providers (NABH) accredited tertiary care
center located in North Kerala. The purpose of the study
was to determine the most common neurological features of
COVID-19 infection in the second wave and compare it with
the first wave. A confirmed case of COVID-19 was defined
based on the result of reverse transcriptase PCR (RT-PCR),
TrueNat or reverse transcriptase LAMP (RT-LAMP) assay
on a nasopharyngeal sample. All the patients admitted to the
hospital satisfying this criterion during the period from April
2021 to May 2021 when the second wave of COVID-19
was at its peak in the state were included in the study.
A detailed questionnaire (data extraction tool) was used to
collect the information provided in inpatient records. This
questionnaire was divided into different sections to cover
patients’ socio-demographic data, systemic manifestations as
well as details about inpatient stay, co-morbidities, and finally
neurological manifestations. The inclusion criterion of this
study was confirmed COVID-19 infection with one or more
neurological symptoms during hospital admission.

The study protocol was approved by the institutional ethics
committee (Registration no: EC/NEW/INST/2019/406 &
ECR/301/inst/KL/2013/RR-19). The individual neurological
phenomena and their frequencies were determined as a
proportion of the total sample (1500 patients) and the
neurological subgroup (355 patients). Second wave of
COVID-19 was compared with first wave with respect to
the frequency of neurological manifestations. The data for
the latter was derived from a previous study of the author,
which has been submitted for publication in a peer-reviewed
journal. This data was composed of 230 patients with
neurological manifestations identified from a total of 1700

consecutive patients with COVID-19 infection admitted
to the same center during the period from June 2020 to
January 2021.

Statistical analysis

Data was entered in Microsoft Excel, analyzed using IBM
Statistical Package for the Social Sciences (SPSS) version 26.
Descriptive statistics (frequency, percentage, mean, standard
deviation) was used to summarize baseline characteristics of
the study subjects. Socio-demographic variables have been
denoted by frequency tables. An association between two
categorical variables was analyzed using Pearson’s Chi-square
test. If any cell’s expected count was less than 5, Fisher Exact
test was followed. P value <0.05 was considered as statistically
significant.

ResuLts

Out of 1500 patients [mean age (standard deviation (SD)):
52.3 (20.5); M: F ratio of 0.9:1], one or more neurological
symptoms were encountered during their in-patient stay
in 355 (23.7%). The mean age (SD) of participants with
neurological manifestations was 49.8 years (20.56) and half
of them were (50.7%) male. Socio-demographic data and
clinical features of COVID-19 patients with neurological
manifestations are summarized in Table 1. In the neurologically
symptomatic group, 189 patients (53.2%) had history of one
or more co-morbidities during the second wave of COVID-19
infections.

Table 2 shows the neurological manifestations of
COVID-19 patients who were admitted in the hospital
during the second wave. Out of 1500 COVID-19 patients
included in the study, 209 (13.9%) had died during illness.
Among the 355 patients with neurological manifestations,
sixty- six (18.6%) patients died. Table 3 shows the comparison
of neurological manifestations in the two waves of COVID-19.
Significant differences were observed between the two
waves of COVID-19 infection for the following neurological
symptoms: dizziness (P < 0.001), myalgia (p = 0.001),
headache (P < 0.001), meningoencephalitis (P = 0.01), and
acute cerebrovascular syndromes (P = 0.001). The disease
severity was also considerably higher in the second wave
with higher incidence of pneumonia (P < 0.001), requirement
for oxygen support (P < 0.001), ICU admission (P = 0.01),
and mortality (P = 0.004). Regarding systemic features of
patients with neurological manifestation, in the second wave,
breathlessness was reported in 39.4% of patients while the
percentage was lower in the first wave (27%). Pneumonia
was diagnosed in 60 (26.1%) patients in the first wave and
172 (48.5%) patients in the second wave. The ICU admission
and oxygen support increased during the second wave. During
the second wave, 89 (25.1%) patients with neurological issues
were admitted in ICU and 100 (28.2%) required oxygen
support. During the first wave, 38 patients (16.5%) were
admitted to ICU and 36 patients (15.7%) required oxygen
support.
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Table 1: Comorbidities, associated systemic features,
and details of hospital stay in patients with neurological
symptoms in first and second waves of COVID-19

Variables First Wave  Second Wave P
(n=230) (%) (n=355) (%)
Death 23 (10) 66 (18.6) 0.004
Gender (Male) 114 (49.6) 180 (50.7) 0.787
Co-morbidities 189 (53.2%)
Diabetes 79 (34.3) 110 (31) 0.395
Hypertension 64 (27.8) 104 (29.3) 0.701
Coronary artery disease 24 (10.4) 47 (13.2) 0.310
Asthma 24 (10.4) 21(5.9) 0.045
Thyroid Disorder 18 (7.8) 18 (5.1) 0.176
Chronic kidney disease 3(1.3) 14 (3.9) 0.078
Past history of stroke 8(3.5) 12 (3.4) 0.949
Chronic Obstructive 7(3) 9(2.5 0.713
Pulmonary Disease
Cancer 3(1.3) 3(0.8) 0.684
Systemic features
Fever 181 (78.7) 275 (71.5) 0.725
Cough 107 (46.5) 171 (48.2) 0.696
Breathlessness 62 (27) 140 (39.4) 0.002
Vomiting 49 (21.3) 46 (13.0) 0.008
Sore throat 34 (14.8) 42 (11.8) 0.299
Diarrhoea 33(14.3) 43 (12.1) 0.432
Joint pain 22 (9.6) 11(3.1) 0.001
Nausea 16 (7) 13 (3.7) 0.073
ICU Admission 38 (16.5) 89 (25.1) 0.014
Oxygen Support 36 (15.7) 100 (28.2) 0.001
Noninvasive Ventilation 11 (4.7) 15 (4.2) 0.749
Mechanical Ventilation 13 (5.6) 10 (2.8) 0.085
Smoking/Alcohol 16 (7) 19 (5.4) 0.424
If Yes, Active 11 (4.8) 11 (57.9) 0.296
Exercise 39 (17) 55 (15.5) 0.638
Pneumonia 60 (26.1) 172 (48.5) <0.001
Investigation
CT 52(22.6) 50 (14.1) 0.008
MRI 35(15.2) 26 (7.3) 0.002
EEG 12(5.2) 2(0.6) <0.001
Discussion

The neurotropism of the SARS-CoV 2 virus coupled with
the immunological responses, hyper coagulable state,
endotheliopathy, and a host of other factors have been
implicated in the neurological presentations of infection.!®
The virus enters the central nervous system (CNS) by vascular
dissemination and locally across the cribriform plate of the
ethmoid. The spectrum of clinical presentations includes
headache, dizziness, myalgia, reduced cognition, anosmia,
confusion, seizure, stroke, peripheral neuropathy, cranial
nerve palsy, etc., Neurological manifestations of COVID-19
can be broadly classified into those involving the CNS and
Peripheral nervous system (PNS).P! The Wuhan study was
the first to highlight the importance of the neurological
manifestations with about 36% of their patients exhibiting
one or the other neurological symptoms with varying degrees

Table 2: Frequency of neurological manifestations in
patients admitted with COVID-19 in the second wave

Variables (n=1500) (%)
Headache 216 (14.4)
Fatigue 130 (8.7)
Myalgia 120 (8.0)
Smell and taste Disorder 90 (6.0)
Altered sensorium 40 (2.7)
Seizure 34(2.3)
Dizziness 24 (1.6)
Encephalopathy 26 (1.7)
Acute cerebrovascular syndromes 13 (0.9)
Meningoencephalitis 5(0.3)
Neuropathy 3(0.2)
Myopathy 3(0.2)
Visual Impairment 2(0.1)

1(0.1)
Central Nervous System (CNS) Vasculitis 1(0.1)

NB: The term encephalopathy was used when the altered sensorium could
not be attributed to a neurological cause like meningoencephalitis or
stroke

Facial Palsy

of severity. Similar studies also observed that one-third of the
patients had some neurological phenomena. Headache (17%)
and dizziness (13%) were the most common. Cerebrovascular
accidents (3%) and seizures (0.5%) were also observed in
a subset of them. Studies showed that those with severe
COVID-19 infection have more chances of neurological
complications.!”!

Neurological manifestations are seen in a significant
proportion of patients in both first as well as the second
waves. This study attempted to compare the neurological
symptoms in first and second waves of COVID-19. Among
1500 patients in the second wave, 23.7% showed COVID-19
associated neurological symptoms, whereas in the first
wave (1700 patients), 13.5% of patients reported the same.
Headache was the most common neurological symptom in
both the first and second waves. The prevalence of headache
in other studies was between 6% and 45%.!"-1¢1 smell
and taste disturbances (STD), which is an important PNS
presentation among COVID-19 patients, also showed the
same trend in both the first and second waves (3.6% and
6.0%, respectively). This is considerably low when compared
to other studies where 36%—-86% have been observed to have
some form of STD.['-"1 This disparity could be because of
the retrospective design of our case series where there was
inadequate mention of minor clinical symptoms in the case
records probably owing to their low prognostic value.

Acute stroke has been a well-recognized complication of
COVID-19 across clinical studies. Studies showed that
the incidence of ischemic stroke in COVID-19 varies from
1.6% to 6%.12°2 In a retrospective review of 221 patients,
around 6% had an acute cerebrovascular accident.” Connors
and Levy™ proposed a correlation between inflammation
and subsequent coagulopathy. They noted that the level of
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fibrinogen, platelet, and D-dimer and interleukins-6 levels
increased in severely ill COVID-19 patients. Production of
procoagulative factors and damage of capillary endothelium
further potentiate microvascular thrombosis.®! In our
analysis, we observed that 1.5% had a stroke in the first
wave of COVID-19. In the second wave, the incidence of
stroke (0.9%) was comparatively less. The neurological
features of the 2" wave of COVID-19 infection are compared
with those of other studies in Table 4.

Regarding systemic features of patients with neurological
manifestation, in the second wave, the proportion of patients
with severe illness was considerably higher as indicated by
higher incidence of pneumonia, oxygen requirement, and
intensive care admissions. Furthermore, mortality was also
significantly higher. This is a cause of concern owing to the
emergence of new viral mutants. Global variants of concern,
which have also been reported in India, include B.1.1.7 UK,
P. 1 from Brazil, and B.1351 from South Africa.l?*?! The Delta
variant (B.1.617.2) was detected in India in the latter half of
2020 and involves spike proteins (this pathogenic variant has

been linked with the possibility of increased transmissibility
and higher incidence of serious and complicated disease).
Delta variant has the primary reason for the second wave
in India. The Delta plus Variant (AY.1) is another mutated
form of the Delta virus, which was reported in nine countries
including India.

The strength of the study is the large sample size and the
emphasis placed on the identification of the full spectrum
of neurological manifestations. Also, because all patients
are from a single center, the patient treatment protocol and
record-keeping were uniform and meticulous. This allowed
for a meaningful comparison between the two waves. Our
study is limited by the retrospective design and the fact that all
patients were selected from a single tertiary care center. The
latter would have resulted in the selection of more severe cases.
Other limitations include lack of follow up and nonavailability
of biomarkers and information on the effect of management
protocols on the clinical outcomes. The effects of vaccination
status on the clinical presentations also were not determined
in the present study.

Table 3: Association between neurological manifestations of first and second waves of COVID-19

Variables n 1t Wave (n=230) (%) 2" Wave (n=355) (%) Chi-square value (df=1) P
Headache 402 186 (80.9) 216 (60.8) 26.04 <0.001
Myalgia 168 44 (19.1) 120 (33.8) 14.89 0.001
Dizziness 78 54 (23.5) 24 (6.8) 33.76 <0.001
Acute cerebrovascular syndromes 41 26 (11.3) 13 (3.7) 10.73 <0.001
Meningoencephalitis 16 11 (4.8) 5(1.4) 5.97 0.01
Table 4: Comparison of clinical spectrum across studies

Sachin Sureshbabu  Sachin Sureshbabu Romero-Sanchez Mao L ef al.®!  Thanagaraj et al.’®!

et al.? (1t wave) et al. (2" wave) CM et al.i24
Total No of Patients 1700 1500 841 214 600
Age (mean (SD)) 43 (19.3) 55(20.2) 66.42 (14.96) 52.7 (15.5) 40-60
Sex (Male) (%) 114 (6.7) 180 (12.0) 473 (56.2) 87 (40.7) 397 (66.2)
Headache (%) 186 (10.9) 216 (14.6 119 (14.1) 28 (13.1) 245 (40.8)
Myalgia (%) 44 (2.6) 120 (8.0) 145 (17.2) 23 (10.7) 72 (12)
Dizziness (%) 54 (3.2) 24 (1.6) 51.(6.1) 36 (16.8) 46 (7.7)
Seizure (%) 29 (1.7) 34 (2.3) 6(0.7) 1(0.5) 36 (6)
Acute Cerebrovascular syndromes (%) 24 (1.4) 13 (0.9) 14 (1.7) 6(2.8) 43 (7.1)
Ischemia (%) 19 (1.1) 13 (0.9) 11(1.3) NA NA
Hemorrhage (%) 4(0.2) 0 3(0.4) NA 2(4.7)
Cerebral venous thrombosis (%) 2 ((0.1) 0 0 NA NA
Smell and taste disorders (%) 61 (3.6) 90 (6.0) NA NA NA
Smell (%) NA NA 41 (4.9) 11 (5.1) 172 (28.7)
Taste (%) NA NA 52(6.2) 12 (5.6) NA
Visual Impairment (%) 5(0.3) 2(0.1) 1(0.1) 3(L.4) NA
Facial Palsy (%) 1(0.1) 1(0.1) NA NA NA
Altered Sensorium (%) 35(2.1) 40 (2.7) 165 (19.6) 16 (7.5) NA
Meningitis (%) 5(0.3) 2(0.1) NA NA 4(0.4)
Encephalitis (%) 6(0.4) 3(0.2) 1 (0.1%) NA NA
Encephalopathy (%) 6(0.4) 22 (1.5) NA NA 60 (10)
Neuropsychiatric (%) 8(0.5) 4(2.7) 167 (19.9) NA NA
Neuropathy /PNS involvement (%) 4(0.2) 3(0.2) 22 (2.6) 19 (8.9) NA
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CoNcLusSION

In conclusion, the two waves were not much different in
terms of the clinical spectrum of neurological manifestations.
A higher incidence of encephalopathy in the second wave
could be attributed to more severe cases being included in the
study. This could indirectly reflect a change in the strategy
of management wherein the milder cases are directed to
first-line treatment centers due to an increase in demand for
hospital beds. Nevertheless, the higher mortality and severity
of the second wave deserves special mention, especially in
the context of emerging mutants implicated in recent waves
of the pandemic.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, ef al. Clinical course and
risk factors for mortality of adult inpatients with COVID-19 in Wuhan,
China: A retrospective cohort study. Lancet 2020;395:1054-62. doi:
10.1016/S0140-6736 (20) 30566-3. Erratum in: Lancet. 2020;395:1038.

2. WHO Coronavirus (COVID-19) Dashboard. Who.int. Available from:
https://covid19.who.int. [Last accessed on 2021 Apr 30].

3. RanjanR, Sharma A, Verma MK. Characterization of the second wave of
COVID-19 in India. medRxiv 2021. doi: 10.1101/2021.04.17.21255665.

4. Contou D, Fraiss¢ M, Pajot O, Tirolien JA, Mentec H,
Planteféve G. Comparison between First and Second wave among
critically ill COVID-19 patients admitted to a French ICU: No prognostic
improvement during the second wave? Crit Care 2021;25:1-4.

5. Saito S, Asai Y, Matsunaga N, Hayakawa K, Terada M, Ohtsu H, et al.
First and second COVID-19 waves in Japan: A comparison of disease
severity and characteristics: Comparison of the two COVID-19 waves
in Japan. J Infect 2021;82:84-123.

6. Jain VK, Iyengar KP, Vaishya R. Differences between First wave
and Second wave of COVID-19 in India. Diabetes Metab Syndr
2021;15:1047-8.

7. Whittaker A, Anson M, Harky A. Neurological manifestations of
COVID-19: A systematic review and current update. Acta Neurol Scand
2020;142:14-22.

8. Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, et al. Neurologic
manifestations of hospitalized patients with coronavirus disease 2019 in
‘Wuhan, China. JAMA Neurol 2020;77:683-90.

9. Yang X, Yu Y, Xu J, Shu H, Liu H, Wu Y, et al. Clinical course and
outcomes of critically ill patients with SARS-CoV-2 pneumonia in
Wauhan, China: A single-centered, retrospective, observational study.
Lancet Respir Med 2020;8:475-81.

10. Sun D, Li H, Lu XX, Xiao H, Ren J, Zhang FR, et al. Clinical
features of severe pediatric patients with coronavirus disease 2019
in Wuhan: A single center’s observational study. World J Pediatr
2020;16:251-9.

11.

20.

21.

22.

23.

25.

26.

27.

. Lechien JR, Chiesa-Estomba CM, De Siati

. Beltran-Corbellini A,

ChenN, ZhouM, Dong X, QuJ, Gong F, Han'Y, e a/. Epidemiological and
clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia
in Wuhan, China: A descriptive study. Lancet 2020;395:507-13.

. Wan S, Xiang YI, Fang W, Zheng Y, Li B, Hu Y, et al. Clinical features

and treatment of COVID-19 patients in northeast Chongqing. J Med
Virol 2020;92:797-806.

. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, ef al. Clinical features of

patients infected with 2019 novel coronavirus in Wuhan, China. Lancet
2020;395:497-506.

DR, Horoi M,
Le Bon SD, Rodriguez A, et al. Olfactory and gustatory dysfunctions
as a clinical presentation of mild-to-moderate forms of the coronavirus
disease (COVID-19): A multicenter European study. Eur Arch
Otorhinolaryngol 2020;277:2251-61.

Chico-Garcia JL, Martinez-Poles ],
Rodriguez-Jorge F, Natera-Villalba E, Goémez-Corral J, et al.
Acute-onset smell and taste disorders in the context of COVID-19:
A pilot multicentre polymerase chain reaction-based case—control study.
Eur J Neurol 2020;27:1738-41.

. Giacomelli A, Pezzati L, Conti F, Bernacchia D, Siano M, Oreni L, et al.

Self-reported olfactory and taste disorders in patients with severe acute
respiratory coronavirus 2 infection: A cross-sectional study. Clin Infect
Dis 2020;71:889-90.

. Hopkins C, Surda P, Whitehead E, Kumar BN. Early recovery following

new onset anosmia during the COVID-19 pandemic—An observational
cohort study. J Otolaryngol Head Neck Surg 2020;49:1-6.

. Klok FA, Kruip MJ, Van der Meer NJ, Arbous MS, Gommers DA,

Kant KM, et al. Incidence of thrombotic complications in critically ill
ICU patients with COVID-19. Thromb Res 2020;191:145-7.

. Lodigiani C, Iapichino G, Carenzo L, Cecconi M, Ferrazzi P,

Sebastian T, et al. Venous and arterial thromboembolic complications
in COVID-19 patients admitted to an academic hospital in Milan, Italy.
Thromb Res 2020;191:9-14.

Merkler AE, Parikh NS, Mir S, Gupta A, Kamel H, Lin E, et al. Risk of
ischemic stroke in patients with coronavirus disease 2019 (COVID-19)
vs patients with influenza. JAMA Neurol 2020;77:1366-72.

Li Y, Li M, Wang M, Zhou Y, Chang J, Xian Y, et al. Acute
cerebrovascular disease following COVID-19: A single center,
retrospective, observational study. Stroke Vasc Neurol 2020;5:279-84.
Connors JM, Levy JH. Thromboinflammation and the hypercoagulability
of COVID-19. J Thromb Haemost 2020;18:1559-61.

Banu S, Jolly B, Mukherjee P, Singh P, Khan S, Zaveri L, ef al. A distinct
phylogenetic cluster of Indian severe acute respiratory syndrome
coronavirus 2 isolates. Open Forum Infect Dis 2020;7:0faa434.

. Romero-SanchezCM, Diaz-Maroto I, Fernandez-DiazE, Sanchez-Larsen

A, Layos-Romero A, Garcia-Garcia J, et al. Neurologic manifestations
in hospitalized patients with COVID-19: The ALBACOVID registry.
Neurology 2020;95:¢1060-70.

Thanagaraj M, Amirtha Lakshmi R, Lenin Skankar P. Neurological
manifestations of Covid in a tertiary care center in Tamilnadu. Indian J
Appl Res 2021;11:1-3.

Bhoyar RC, Jain A, Sehgal P, Divakar MK, Sharma D, Imran M,
et al. High throughput detection and genetic epidemiology of
SARS-CoV-2 using COVIDSeq next-generation sequencing. PLoS One
2021;16:0247115.

Sureshbabu S, Joseph M, Basheer N, Keerthi RN, Jabir MP, Samrooda N,
etal. Neurological Manifestation of COVID-19: An Observational Study.
Available at SSRN: https://ssrn.com/abstract=3840084.

868

Annals of Indian Academy of Neurology | Volume 25 | Issue 5 | September-October 2022 -




