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Abstract

Background Neurological manifestations of SARS-CoV-2 infection have been reported from many countries
around the world, including the South Asian region. This surveillance study aimed to describe the spectrum of neuro-
logical disorders associated with COVID-19 in Sri Lanka.

Methods COVID-19 patients manifesting neurological disorders one week prior and up to six weeks after infection
were recruited from all the neurology centres of the government hospitals in Sri Lanka from May 2021 — May 2022.
Data was collected using a structured data form that was electronically transmitted to a central repository. All patients
were evaluated and managed by a neurologist. Data were analysed using simple descriptive analysis to characterise
demographic and disease related variables, and simple comparisons and logistic regression were performed to ana-
lyse outcomes and their associations.

Results One hundred and eighty-four patients with neurological manifestations associated with COVID-19 were
recruited from all nine provinces in Sri Lanka. Ischaemic stroke (31%) was the commonest neurological manifestation
followed by encephalopathy (13.6%), Guillain—Barre syndrome (GBS) (9.2%) and encephalitis (7.6%). Ischaemic stroke,
encephalitis and encephalopathy presented within 6 days of onset of COVID-19 symptoms, whereas GBS and myelitis
presented up to 10 days post onset while epilepsy and Bell palsy presented up to 20 — 40 days post onset. Haemor-
rhagic stroke presented either just prior to or at onset, or 10 — 25 days post onset of COVID-19 symptomatic infection.
An increased frequency of children presenting with encephalitis and encephalopathy was observed during the Omi-
cron variant predominant period.

A poor outcome (no recovery or death) was associated with supplemental oxygen requirement during admission
(Odds Ratio: 12.94; p=0.046).

Conclusions The spectrum and frequencies of COVID-19 associated neurological disorders in Sri Lanka were similar
to that reported from other countries, with strokes and encephalopathy being the commonest. Requiring supple-
mental oxygen during hospitalisation was associated with a poor outcome.
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Background

The coronavirus disease 2019 (COVID-19) pandemic
caused by the novel coronavirus, severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), has to date
(November 2022) led to over 633,000,000 cases and over
6,500,000 deaths worldwide [1]. An increasing number of
patients have been reported to develop a variety of neu-
rological disorders associated with COVID-19 infection
[2, 3]. These neurological manifestations are considered
to be related to vascular, inflammatory and infective aeti-
ologies, and include both ischaemic and haemorrhagic
stroke, cerebral venous thrombosis, encephalitis/enceph-
alopathy, acute disseminated encephalomyelitis (ADEM),
Guillain—Barre syndrome (GBS), myopathy and olfactory
dysfunction [4-6].

Sri Lanka detected its first case of COVID-19 in March
2020 and has since had over 600,000 cases and over
16,000 deaths (November 2022) [7]. This is the first sys-
tematic study of neurological disorders associated with
the COVID-19 pandemic in Sri Lanka.

Methods

The Association of Sri Lankan Neurologists (ASN),
which is the apex professional body for neurologists in
Sri Lanka, set up a neurological surveillance study of
COVID-19 in May 2021 with the aim of recruiting all
patients with neurological disorders associated with
COVID-19 from government and private hospitals with
access to services of a specialist neurologist. The study
was done over a period of 12 months. Government hospi-
tals are non-fee-levying and are accessible by all. Neurol-
ogists are usually available in tertiary care level hospitals
and such hospitals are situated in all nine administrative
provinces in the country. Patients with neurological dis-
orders associated with COVID-19 admitted to smaller
hospitals usually are referred to hospitals with neurology
centres.

All patients developing neurological manifestations
one week prior, and up to six weeks after, diagnosis of
COVID-19 were included in the study. Patients in whom
neurological features were confirmed to be related to
another diagnosis were excluded. All patients were under
the care of the attending neurologist who screened the
patient for eligibility into the study. Patient data were
then collected by completing a structured data form
developed by an expert committee of the ASN (Addi-
tional file 1). Data were collected on neurological fea-
tures, COVID-19 symptoms and signs, treatment given,
need for intensive care and ventilation, outcome and vac-
cination status, and were transmitted electronically to a
central repository. Definitions of the neurological syn-
dromes were provided in the data form in order to ensure
consistency [2]. In cases of ambiguity as to whether the
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neurological manifestation was related to COVID-19 or
incidental, a consensus decision was made after inde-
pendent review by a second neurologist in addition to the
attending neurologist.

Ethics clearance for the study was obtained from the
Ethics Review Committee (ERC) of the University of
Colombo (EC-21-070). All methods were carried out in
accordance with relevant guidelines and regulations of
the ERC. Informed consent was obtained from all sub-
jects and/or their legal guardian(s).

Data were analysed using SPSS version 27 and Graph
Pad Prism V9. Mean and standard deviation (SD) or
percentage values for demographic, clinical and labo-
ratory variables were calculated. Associations between
demographic, clinical or investigation variables and
neurological manifestations and outcomes were inves-
tigated. Logistic regression analysis was used to investi-
gate factors associated with a relatively better outcome
(complete/ partial recovery) versus a poor outcome (no
recovery/ death). Significance was determined at p <0.05.

Results

Patient cohort and demographics

One hundred and eighty-four patients were recruited
within the study period of 12 months. The highest num-
ber of patients were reported from the administrative
districts of Jaffna, Colombo and Gampaha, of which the
latter two are the most populace districts in Sri Lanka.
The frequency of COVID-19 associated neurological dis-
orders reported per month peaked at 60 cases/month in
September 2021 following a peak in nationally reported
COVID-19 cases in August 2021 (Fig. 1). Based on sam-
ples sequenced from one laboratory, the predominant
COVID-19 variant in Sri Lanka transitioned from Alpha
to Delta around July/August 2021 and from Delta to
Omicron in January 2022 [8]. The majority of patients
(76.6%) were reported during the time period of predom-
inance of the Delta variant AY.28 [9].

SARS-CoV-2 infection was confirmed in the majority
of patients by polymerase chain reaction (PCR) testing
(51.6%) or rapid antigen testing (RAT) (46.7%) of throat/
nasal swabs. A small number of patients were diagnosed
using the presence of antibodies in serum (0.54%) or cer-
ebrospinal fluid (CSF) (1.08%) in the absence of a history
of vaccination for COVID-19.

Demographic and clinical details of the cohort are
shown in Table 1. The mean age of the study popula-
tion was 50.6 years (range 1 — 89 years); 54.3% were
males. The most common co-morbidities were hyper-
tension (29.3%), diabetes mellitus (25.5%) and ischaemic
heart disease (16%) (Table 1).

Seventy four percent of the cohort had symptoms of
COVID-19, of which 47% had COVID-19 pneumonia
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Fig. 1 Monthly frequencies of reported COVID-19 associated neurological disorders (red — left Y axis) relative to monthly nationally reported
COVID-19 cases in Sri Lanka (blue — right Y axis). Percentages indicate monthly reported COVID-19 associated neurological disorders as a percentage
of monthly nationally reported COVID-19 cases. Horizontal bars indicate predominant COVID-19 variant reported to be present in Sri Lanka

during the relevant periods

(Table 1). Twenty eight percent of the overall cohort
required supplemental oxygen, while only 6.5% of
patients required intensive care unit (ICU) admission
and assisted ventilation (Table 1).

Nearly 48% of the cohort had received at least one
COVID-19 vaccination, with 17.9% having had one dose,
29.3% two doses and 0.5% three doses (Table 1). The
majority (89.8%) of patients had received the Sinopharm
inactivated COVID-19 vaccine (Vero cell) manufactured
by the Beijing Institute of Biological Products Co., Lim-
ited (BIBP).

Neurological disorders associated with COVID-19

The majority of the neurological disorders associated
with COVID-19 affected the central nervous system
(CNS) (n=136; 73.91%). In 40 patients (21.74%) the pre-
dominant pathology was peripheral, while in 8 patients
(4.34%) the disorders could not be classified as central
or peripheral and thus, were classified as ‘other’ (Fig. 2).
Of the CNS disorders, cerebrovascular pathology was the
most common. Encephalitis and myelitis were the most
frequent CNS inflammatory disorders (Fig. 2). Of the
40 patients with peripheral disorders, 31 (16.84%) were
classed as having an inflammatory basis and included
17 (9.24%) with GBS, eight (4.34%) with Bell palsy, three
(1.63%) with vestibular neuritis, and one (0.54%) each
with optic neuritis, post-COVID polyradiculitis and
neuroretinitis (Fig. 2). Conditions in the ‘other’ category
included COVID fatigue syndrome, autonomic dysfunc-
tion and rhinocerebral mucormycoses (Fig. 2).

The pattern and spectrum of reported neurological dis-
orders appeared to be related to the predominant type
of COVID-19 variant (Fig. 3). Ischaemic stroke, GBS
and myelitis were the dominant conditions seen during
the Alpha variant predominant period, while ischae-
mic stroke, encephalopathy and GBS were the dominant
conditions in the Delta variant predominant period.
In contrast, encephalitis was the dominant disorder in
the Omicron variant predominant period, followed by
ischaemic stroke, encephalopathy, myelitis and Bell palsy
(Fig. 3). The average age of the patients presenting in the
Omicron predominant period was significantly lower
than the other periods (Mean years (SD) — Alpha 43.9
(19.0), Delta 55.6 (21.0), Omicron 24.9 (23.9); between
groups analysis of variance (ANOVA): F=21.2, p<0.001),
with 50% of patients reported in the Omicron predomi-
nant period being 0—10 years in age, including 4 patients
with encephalitis and 4 with encephalopathy.

Three pregnant patients were reported due to haem-
orrhagic stroke, encephalitis and epilepsy. Among the
22 paediatric patients reported (<18 years), the pre-
dominant neurological conditions included encephalitis
(27.3%), encephalopathy (18.2%), GBS (13.6%) and myeli-
tis (9.1%).

Timing of onset of neurological disorders in relation

to COVID-19

The timing of the onset of neurological symptoms in
relation to the onset of symptomatic COVID-19 for
some of the key conditions is shown in Fig. 4. The
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Table 1 Demographic and co-morbidity characteristics, COVID-19 infection related features, key management requirements and
COVID-19 vaccination status of the study cohort. Bold text indicates subsection headings. (ICU - intensive care unit, SD - standard

deviation)

Characteristic
Mean age (SD, range), years

Males

Smoking

Alcohol excess

Pregnant
Immunosuppressant medication
Comorbidity
Hypertension

Diabetes

Ischaemic heart disease
Chronic kidney disease
Obesity

Chronic pulmonary disease
Dementia

Dyslipidaemia

Malignancy

Chronic liver disease
Cardiac failure

Other (craniopharyngioma, subarachnoid haemorrhage and dural arteriovenous fistula, mitral stenosis and pulmonary hyper-

50.6 (23.4,1-89)
Number (%), N=184
100 (54.3)

11 (6.0)

11 (6.0)

3(1.6)

2(1.1)

Number (%), N=184
54 (29.3)

47 (25.5)

tension, epilepsy, renal transplant, gall bladder disease, thalassaemia, anaemia, Parkinson’s disease, mumps orchitis, venous

ulcers, autoimmune encephalitis, rheumatoid arthritis)
No comorbidity

COVID-19 infection related features
Symptomatic

Features within symptomatic patients

COVID pneumonia

Anosmia

Sepsis

Ageusia

Deep vein thrombosis/Pulmonary embolism
COVID-19 infection management requirements
Supplemental oxygen

ICU Care

Non-invasive ventilation

Mechanical ventilation

COVID-19 vaccination status

Unvaccinated

Vaccinated—1 dose

Vaccinated—2 doses

Vaccinated—3 doses

56 (304)

Number (%), N=176
130(73.9)

Number (%), N=130
61 (46.9)

26 (20.0)

18 (13.8)

10 (7.6)

1(0.8)

Number (%), N=184
52(283)

12 (6.5)

11 (6.0)

10 (5.4)

Number (%), N =184
96 (52.2)

33(17.9)

54 (29.3)

1(0.5)

onset of ischaemic stroke, encephalitis, encepha-
lopathy, were generally<5-6 days from onset of
typical COVID-19 symptoms, while GBS and myeli-
tis occurred mostly less than 10 days after onset

of symptoms. Haemorrhagic strokes presented at
two time points, either at/just prior to the onset of
symptomatic COVID-19 or later at 10-25 days post-
COVID-19 symptom onset. Epilepsy presented more
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Fig. 4 Violin plot showing time of onset of neurological disorders in relation to the onset of COVID-19 symptoms denoted as time point 0 day.

(GBS: Guillain-Barre syndrome)

frequently from early on, until about 20 days after the
onset of COVID-19 symptoms while Bell palsy had
a wider window from COVID symptom onset up to
40 days later (Fig. 4).

Outcomes of neurological disorders associated

with COVID-19

Outcomes of the key neurological disorders were cat-
egorised as Group A (complete or partial recovery)
or Group B (no recovery or death) (Fig. 5) (Table 2).
A poor outcome of no recovery or death occurred in
seven (13.7%) patients with ischaemic stroke, five
(22.7%) patients with encephalopathy, two (40%)
patients with haemorrhagic stroke, one (7.1%) patient
with encephalitis, one (20%) patient with cerebral
venous thrombosis and one (25%) patient with a sei-
zure disorder.

Simple comparison analysis was performed to inves-
tigate differences in key demographic, comorbidity
and disease-related factors between the two groups
(Table 2). Group B had a significantly higher percent-
age of patients with a history of diabetes (p=0.042)
and of patients who required supplemental oxygen
therapy (p =0.020).

Binary logistic regression analysis was performed with
the outcome group as the dependent variable, and all
variables with cases in both outcome groups and with
significance of p <0.20 on simple comparison analysis, as
covariates. Only the requirement of supplemental oxygen
was significantly associated with a poor outcome (Group
B) (OR:12.93; p=0.046) (Table 2).

Discussion

This is the first descriptive study on neurological dis-
orders associated with COVID-19 in Sri Lanka. In this
study, we found strokes and encephalopathy to be the
most common neurological disorders associated with
COVID-19. Distinct patterns of neurological disorders
in relation to the COVID-19 variant were observed.
This included a high proportion of children presenting
with encephalitis and encephalopathy during the Omi-
cron predominant period. There was significant diversity
in the time of onset of different neurological disorders
in relation to the onset of typical respiratory/systemic
symptoms of COVID-19: with ischaemic stroke, enceph-
alitis and encephalopathy occurring within the first week,
while GBS, myelitis and Bell palsy had a more delayed
onset. The most significant predictor of a poor outcome
in our cohort was the need for supplemental oxygen dur-
ing hospitalisation.

Spectrum of neurological disorders associated

with COVID-19

In our study, strokes accounted for 36.4% while encepha-
lopathy accounted for 13.5% of the neurological disorders
associated with COVID-19, similar to reports from other
countries [5, 10—-13]. The age and sex distribution of neu-
rological disorders in our study was no different to that of
non-COVID-19 patients. For example, ischaemic strokes
were predominant in males (56.1%) and those over
60 years of age (68.4%) whereas cerebral venous throm-
bosis was seen predominantly in females (80%) [14, 15].
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Fig. 5 Outcomes of the key neurological disorders associated with COVID-19

The next most common COVID-19 associated neuro-
logical disorders were inflammatory or immune-medi-
ated disorders of the central (13.0%) and the peripheral
(16.8%) nervous systems, with immune-mediated
encephalitis and GBS being the commonest (Fig. 2).
Our findings were consistent with reports from other
parts of the world, as reported in a systematic review of
neuroimmune disorders in COVID-19, which identified
encephalitis (32.3%, N=133) and GBS (42.9%, N=133)
as the most frequent immune mediated neurological
conditions [6]. However, curiously, we had only a sin-
gle case of ADEM in contrast to the high prevalence
reported in other regions [16, 17].

Although the frequencies of epilepsy (4.3%) and sei-
zures (2.2%) were similar to studies from other regions
in the world (5.7%-10.0%) [5, 12, 18-20], the propor-
tion of patients with movement disorders (2.2%) in our
study was lower than that of other studies from Europe
(9.3%) [20].

In our paediatric cohort, encephalitis, encephalopa-
thy and GBS were the commonest neurological disor-
ders associated with COVID-19, comparable to reports
from other populations [21, 22]. Children presenting
with Multisystem Inflammatory Syndrome of COVID
(MIS-C) have been found to have a higher frequency of
neurological complications [23]. However, none of the

children in our study were reported as having devel-
oped MIS-C.

A review of COVID-19 associated neurological com-
plications in pregnancy found reports of GBS, posterior
reversible encephalopathy syndrome (PRES), cerebro-
vascular events and encephalopathy [24]. The neurologi-
cal disorders in the three pregnant patients in our study
included haemorrhagic stroke, encephalitis and epilepsy.

COVID-19 variants and neurological disorders

During the period of our study, the predominant
COVID-19 variant in Sri Lanka transitioned from Alpha
to Delta (AY.28) to Omicron (BA.1 and BA.2) [9]. Vas-
cular disorders including ischaemic and haemorrhagic
stroke and cerebral venous thrombosis were most com-
mon during the Delta predominant period while enceph-
alitis, encephalopathy and Bell palsy were most frequent
during the Omicron predominant period. The increased
frequency of children with encephalitis and encephalopa-
thy during the Omicron predominant period observed in
our study is consistent with reports from other regions
[25-27]. It has been suggested that the predisposition
to COVID-19 related encephalitis in children, particu-
larly with the Omicron variant, may be related to the
development of specific mutations in the SARS-CoV-2
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Table 2 Key determinants of prognosis of COVID-19 associated neurological disorders. Bold text indicates subsection headings or
statistical significance. *p < 0.05 (SD - standard deviation, OR - odds ratio, Cl - confidence interval)

Determinant Group A: Partial/complete recovery Group B: No recovery/death Significance
(n=144) (n=24)
Demographic characteristic / comorbidity
Age (Mean years) 483 (SD 23.8) 56.5 (SD 20.8) p=0.115
Gender (% male) 53.5% (77) 58.3% (14) p=0.825
Vaccinated 48.6% (70) 37.5% (9) p=0.380
Time from last vaccine to neurological onset 433 (SD 45.5) (n=57) 188 (SD 18.2) (n=7) p=0.166
(mean days)
Symptomatic COVID-19 infection 70.6% (96/136) 75.0% (18/24) p=0.808
Supplemental oxygen required 21.5% (31) 45.8% (11) p=0.020%
OR=12.93
(Cl1=1.05-
160.17;
p=0.046)
Diabetes 21.5% (31) 41.7% (10) p=0.042*
Hypertension 27.1% (39) 458 (11) p=0.090
Ischaemic heart disease 7.6% (11) 12.5% (3) p=0426
Neurological disorder
Ischaemic stroke 86.3% (44/51) 13.7% (7/51) p=1.000
Haemorrhagic stroke 60.0% (3/5) 40.0% (2/5) p=0.149
Encephalitis 92.9% (13/14) 7.1% (1/14) p=0.695
Encephalopathy 773% (17/22) 22.7% (5/22) p=0.322
Cerebral venous thrombosis 80.0% (4/5) 20.0% (1/5) p=0.542
Epilepsy 100.0 (7/7) 0.0% (0/7)
Guillain—-Barre syndrome 93.8% (15/16) 6.3% (1/16) p=0.474
Myelitis 100.0% (8/8) 0.0% (0/8)

spike protein in Omicron subvariants and to exaggerated
immune and cytokine responses [26, 27].

Time of onset of neurological disorders in COVID-19

The majority of cases of ischaemic stroke, encephalitis
and encephalopathy occurred at or soon after the onset
of COVID-19 symptoms. This may reflect the patho-
logical processes thought to occur in the acute phase of
COVID-19 including vascular/thrombotic pathology,
blood-brain barrier abnormalities with endotheliopathy,
possible viral invasion, an acute innate immune response
and the cytokine storm [6, 28]. In contrast, immune-
mediated disorders occurred later suggesting different
pathogenic phases contributing towards different neu-
rological complications at different stages of the disease
course — e.g., an early predominantly vascular/throm-
botic phase and a later predominantly inflammatory
phase. The observation of encephalitis occurring within
the first five days from COVID-19 symptom onset in our
study suggests pathology related to direct viral invasion
into neuronal cells as observed in other cohorts where
encephalitis occurred even before the onset of respiratory
symptoms [6]. Rarely, immune-mediated post-COVID

encephalitis may occur more than three weeks after pul-
monary disease [29].

Outcomes and associated factors

A majority (73.9%) of the neurological cases reported in
our study had symptomatic COVID-19. COVID pneu-
monia was reported in almost 47% of the symptomatic
patients. In our cohort, 23% required oxygen, while
smaller numbers (<7%) received ICU care or had ventila-
tory requirements.

A requirement for supplemental oxygen therapy
emerged as the most significant factor associated with a
poor outcome in our cohort (Table 2). It may be argued
that those who required supplemental oxygen therapy
were more likely to have had severe COVID-19 dis-
ease and therefore were more likely to have had a poor
outcome.

Among hospitalised patients, the presence of COVID-
19 related neurological disorders itself has been linked to
increased mortality [5, 13, 30]. We did not have the requi-
site data to compare mortality between neurological and
non-neurological patients in hospital in this study. How-
ever, the mortality of the overall cohort of neurological
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COVID-19 patients (inpatient and outpatient) in this
study (7.7%) was higher than the reported overall case
fatality rate of COVID-19 patients in Sri Lanka (2.5%)
[31].

The strength of our study is that it captured data from
all provinces in Sri Lanka over a period of one year dur-
ing the evolving pandemic with varying virus variants.
The limitations are that data collection was not manda-
tory and that all patients with neurological manifesta-
tions may not have been referred to a neurologist, with
some being managed by specialist physicians in charge
of COVID treatment centres, resulting in some cases
not being reported. The lack of a control cohort in this
study makes it impossible to compare and assess poten-
tial increased risk/association of these conditions with
COVID-19 in Sri Lanka.

Conclusions

The spectrum of neurological disorders occurring in
association with COVID-19 in Sri Lanka was similar to
that reported from other regions in the world.

Abbreviations

COVID-19 Coronavirus disease 2019

SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2
ADEM Acute disseminated encephalomyelitis

GBS Guillain-Barre syndrome

ASN Association of Sri Lankan Neurologists

SD Standard deviation

PCR Polymerase chain reaction

RAT Rapid antigen test

CSF Cerebrospinal fluid

CNS Central nervous system

ANOVA Analysis of variance

OR Odds ratio

MIs-C Multisystem inflammatory syndrome of COVID
PRES Posterior reversible encephalopathy syndrome
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