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ABSTRACT

The spike glycoprotein of SARS-CoV-2 (COVID-19) helps the virus to bind the ACE2 receptor to enter the host cells. ACE2 receptors are present
in lung, heart, kidney, liver and brain. COVID-19 is now recognized as a multi-organ disease with a broad spectrum of manifestations. COVID-19-
induced encephalopathy was defined as a rapidly developing (less than 4 weeks) pathophysiological process in the brain leading to decreased level
of consciousness ranging from altered consciousness, mild confusion, delirium to deep coma are hallmark clinical features. Clinical diagnosis of
covid-19 induced encephalopathy was made among hospitalized patients with negative oropharyngeal swab RT-PCR tests presented with clinical
features of encephalitis by adopting a diagnostic criteria, if they met > one of the following diagnostic criteria, such as elevated inflammatory
markers i.e. serum LDH, CRP, Ferritin, D-dimer level and decreased lymphocyte, eosinophils and platelet counts, with associated X-ray chest,
HRCT and MRI of brain findings suggestive of encephalitis, after exclusion of classical medical etiologies such as electrolyte disturbances, other
infections, drug or alcohol toxicity or withdrawal, metabolic disorders, low perfusion state or acute central nervous system conditions, such as
stroke or meningitis. Furthermore, confirmation of recent exposure to COVID-19 was made by testing of COVID-19 specific antibodies in selected
cases. They were empirically treated with off label high dose Artesunate IV bolus Artesunate and it was observed that, Artesunate therapy appears
to be very effective and safe decreases the morbidity and mortality among the clinically diagnosed COVID-19- induced encephalopathy.
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INTRODUCTION:

COVID-19 can present with central nervous system manifestations,
such as headache, encephalitis and encephalopathy. COVID-19
encephalopathy has been defined as a rapidly developing (less than 4
weeks) pathophysiological process in the brain leading to delirium,
decreased level of consciousness or coma after exclusion of classical
medical etiologies, such as electrolyte disturbances, infection, drug or
alcohol toxicity and/or withdrawal, metabolic disorders, low perfusion
state or acute central nervous system conditions, such as stroke or
meningitis.' The spike glycoprotein of SARS-CoV-2(COVID-19)
helps the viruses to bind the ACE2 receptor to enter the host
cells.ACE2 receptors are present in lung, heart, kidney and brain.
COVID-19 is now recognized as a multi-organ disease with a broad
spectrum of manifestations. ACE2 receptor presence has been
demonstrated on neurons and endothelial cells that facilitate SARS-
CoV-2 virus entry to the brain. Another speculated route of entry to the
brain is via the olfactory system as olfactory mucosa has a relatively
high expression of the ACE2 receptor and SARS-CoV-2 may spread to
the brain across the cribriform plate. In the brain, the virus can affect
the brainstem and lead to dysregulation of vital respiratory and cardiac
functions. The virus can travel retrogradely via axonal transport to the
brain from the gut or lungs. Virus can circumvent the blood-brain
barrier and enter the brain through vascular endothelium via
transcytosis or the infection of endothelial cells. Alternatively, the
virus can reach the brain by Trojan horse mechanism via infected
leukocytes migration across the blood- brain barrier or paracellularly
via disrupted tight junctions in the endothelial cells due to
inflammation caused by the viremia. Encephalitis is an acute, diffuse,
inflammatory condition of the brain, clinically characterized by fever,
headache, seizure, focal neurological deficits, extrapyramidal signs
and altered consciousness. Delirium is usually a common
manifestation of mild to moderate encephalopathy in patients with
COVID-19. The etiology of encephalopathy can be multiple: toxic,
metabolic, anoxic-ischemic, sepsis, and inflammatory. Cortical and
subcortical T2/FLAIR signal changes are common MRI neuroimaging
abnormalities. The patients having encephalopathy/encephalitis are
either severely or critically ill in published COVID-19 associated
encephalopathy, mainly in older (>50 years) patients.” The
predominant pathophysiological mechanisms of acute COVID- 19
include the following : direct viral toxicity, endothelial damage and
microvascular injury; immune system dysregulation and stimulation
of'a hyperinflammatory state; hypercoagulability with resultant in situ
thrombosis and microthrombosis and maladaptation of the ACE2
pathways. The mechanisms contributing to neuropathology in
COVID-19 can be grouped into overlapping categories of direct viral
infection, severe systemic inflammation and neuron inflammation,
microvascular thrombosis.”

Another route not dependent on viremia includes the coordination of

dynein and kinesins proteins in the transport of the virus into the CNS
using infected motor or sensory nerves. Primarily SARS-CoV-2
infection of host target cells occurs to unciliated bronchial epithelial
cells and type II pneumocytes in the lung through the ACE2, Basigin
(BSG; CD147), and Neuropilin-1 (NRP-1). Higher expression of BSG
and NRP-1 was reported in many brain cell types, where as ACE2 are
highly expressed in the brain microvasculature and it is more likely
that SARS-CoV-2 would utilize these receptors to enter the CNS.
COVID-19 patients could present with confusion and delirium as early
signs of COVID-19 without any of the respiratory symptoms. It has
been estimated that 9% of COVID-19 patients have altered mental
status could be the result of direct invasion of the brain or damage
resulting from high levels of inflammatory mediators due to immune
response to SARS-CoV-2 infection. Several studies reported increase
in neutrophil-lymphocyte ratio (NLR), C-reactive protein (CRP) and
serum ferritin in COVID-19 patients with ischemic stroke. Following
the occurrence of ischemic stroke, the production of proinflammatory
mediators from activated immune cells and ischemic brain tissue could
further promote brain injury. Lung infection by SARS-CoV-2 results in
severe inflammation, acute respiratory distress syndrome (ARDS).
ARDS leads to hypoxia and inflammation-induced encephalopathy
and seizures. Some COVID-19 patients develop seizures as a
consequence of hypoxia, metabolic derangements, severe
inflammation, organ failure, and cerebral affection. Seizures in some
COVID-19 patients have been reported due to SARS-CoV-2-induced
brain damage, high levels of inflammatory mediators, and viral-
induced encephalitis or meningitis. Infection with SARS-CoV-2
reduces the seizures threshold which can worsen the case in epileptic
patients or it can lead to seizures in patients without any history of
seizures. Seizures could be one of the initial symptoms in COVID-19
patients.*

STRATEGIES OF DIAGNOSIS AND TREATMENT OF
CLINICALCOVID-19-INDUCED ENCEPHALOPATHY:

During the second wave(p variant) of COVID-19 pandemic , patients
with negative oropharyngeal swab RAT and RT-PCR test report at
point of care, admitted in the department of general medical wards (in
the western part of Odisha state of India, VIMSAR, Burla,Sambalpur,
during September-Novembr,2021); clinically presented with altered
sensorium with signs and symptoms of central nervous system
manifestations were clinically diagnosed/suspected as cases of
COVID-19-induced encephalopathy, if they met > one of the
following criteria, such as elevated inflammatory markers i.e. serum
LDH, CRP, Ferritin and elevated D-dimer levels and decreased
lymphocyte, eosinophils and platelet counts,’ and/or associated with
X-ray chest, HRCT suggestive of COVID-19 infection and MRI of
brain findings of encephalopathy. Furthermore, COVID-19 specific
serologic antibodies tests for TAb/IgM, and IgG were done at
appropriate time to confirm the recent COVID-19 exposure in selected
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cases. After obtaining inform consent from patient's relatives,
empirical Artesunate 4mg/kg/bw IV bolus (in 2-10 minute) twice daily
administered at the time of diagnosis for five days. Morbidity,
mortality outcome and any adverse reactions to IV Artesunate therapy
were noted up to the point of discharge of patients.

Scientific Rationale Of 1V Bolus Artesunate Therapy For COVID-
19 Infection:-

There was no approved safe and effective therapeutics were available
at that time of COVID-19 pandemic. Artesunate exhibit in-vitro
antiviral activity against a number of pathogenic human viruses.
Artesunate recently been repurposed as a potential COVID-19 drug,
attributed to its ability to inhibit spike-protein mediated and TGF-p-
dependent early steps in the infection process as well as its ability to
disrupt the post-entry intracellular events of the SARS-CoV-2
infection required for replication. Artesunate have anti-inflammatory
activity and could reduce the systemic levels of inflammatory
cytokines that contribute to cytokine storm and inflammatory organ
injury in COVID-19 patients. Artesunate could bind the SARS-CoV-2
spike protein in a way that would interfere with its docking onto the
human ACE2 receptor protein, which is the first step in the host
infection process of the COVID-19 virus. Artesunate may prevent the
worsening of the health condition of patients with mild-moderate
COVID-19 when administered early in the course of their disease.’
Ruiyuan Cao, et al in their study found that EC,, (50% effective
concentration) of Artesunate was 12.8+5.30pM and
Dihydroartemisinin (DHA) had 13.31+1.24uM against SARS-CoV-2
in-vitro could inhibit SARS-CoV-2 replication in a dose-dependent
manner, might function at the post-entry stage of SARS-CoV-2,
indicating Artesunate could be a potential antiviral agent against
COVID-19 infection.” Bae JY et al, in their study in Vero cells
Artesunate inhibited SARS-CoV-2 replication with IC,, of 53.06 uM
and CC,, of > 100 uM. Interestingly, Artesunate in Calu-3 cells, (which
are derived from human airway epithelial cells was more
representative of susceptible cells in actual human airway infection)
inhibitory effect had IC,, of 1.76 uM and CC,, > 100 pM, which was
better than in Vero cells and reduced viral replication in a dose-
dependent manner." Zhou Y et al proved that Artesunate was most
potent among artemisinin derivatives in different cells line i.e. Vero
EG6 cells, human hepatoma Huh7.5 and human lung carcinoma A549-
hACE2 cells line with EC,;, of 7-12 pg/ml and Artemether EC,, of 53-
98ug/ml.” Gilmore K et al in their Vero E6 cells study found that ,
Artesunate EC, had 7-12 pg/ml or (0.7-1.2 uM) was more potent than
other Artemisinin derivatives and Cmax of Artesunate exceeding EC;,
can be achievable clinically in plasma and tissue concentrations of
15ug/ml. The typical doses of 2 - 2.4 mg/kg IV bolus Artesunate
produce Cmax of between 19.4 and 29.7pg/ml. In studies of animal
tissue Artesunate concentration were several fold higher than plasma
concentrations in lung, kidney, intestine, and spleen."

Artesunate 120mg IV bolus administration produced a Cmax of
11,343ng/ml (42uM) with t%2 of 0.05 hrs and Cmax of DHA was
2646ng/ml with t/2 0f 0.67 hrs (total 13,98 7ng/ml), which were greater
than EC,, of Artesunate and DHA against SARS-CoV-2." In another
study 120mg IV bolus Artesunate produced a Cmax of 29.5 uM with
elimination t'/, of 2.7 min and Cmax for DHA was 9.3 uM with t '/, of
40 min versus 100mg oral AS produce Cmax of DHA of 2.6 uM, t /,of
39 min.” Artemisinins administration leads to autoinduction of
hepatic drug metabolism and reduces its own bioavailability. The
plasma concentrations of same daily dose of AS were 4rd less on day 3
onwards than of day 1."” The PK variability following 120mg IV bolus
AS with high Cmax occurs with first exposure time and the Cmax
variability ranges from 735-1890ng/ml(AS+DHA) and this variability
was 25 fold among different clinical trials. There is large inter-
individual PK/PD variability and such low drug concentrations in
some patients may explain treatment failure in malaria treatment.
Thus, low dose regimen of AS to be avoided." High dose IV bolus
Artesunate preferred to achieve higher free peak plasma levels (Cmax)
of DHA and have higher bioavailability to enter the human cells in
comparison to Artemether and Arteether which are mostly bound to
plasma proteins.” Patients with severe COVID-19 may have many
critical and variable conditions and with different co-morbidities with
variable severity scores that may determine the drug's PK/PD
characteristics and prognosis. Thus, current dose of 120mg IV AS
produce variable Cmax ranging from 735-1890ng/ml with greater
inter individual variability have lower Cmax. The 4-8mg/kg loading
dose is safe and in phase I-1I study of IV AS 4-8mg/kg loading doses
were extremely well tolerated in humane volunteers and malaria

patients.'® Artesunate Cmax is more important than AUC in producing
improved efficacy and IV bolus Artesunate provide sufficient high
Cmax in patients and avoid inter-individual variability in PK/PD.
Artesunate IV bolus injection following 4mg/kg produce Cmax of
36,100ng/ml and following 8mg/kg Cmax of 89,340ng/ml."” The
optimal doses and dose intervals for Artesunate and DHA have not
been determined. Therefore, in the absence of well controlled dose-
ranging studies and valid pharmacodynamic relationships widely used
empirical regimens remain unchallenged.” Coronavirus replication
cycle is around 8-10 hrs.”* Artesunate has Cmax dependent effects
and IV bolus infusion (in 2-10 minutes) initiated with 4-8mg/kg at
interval of 8-10 hr or 12hly can achieve higher plasma Cmax for the
first exposure given for a short course of > 3 to 5 days to cover 9 to 15
replication cycles in early stage (<7 days) of robust viral replication
can prevent disease progression as well as avoided auto-induction of
its own metabolism leading to low Cmax. Artemisinin and its
derivatives i.e. Artesunate have anti-inflammatory and
immunomodulatory functions through inhibiting pathogenic T cell
activation and suppressing B cell activation and expanding regulatory
T cells.” Artemisinin possess anti-inflammatory and anti-oxidant
properties against lipopolysaccharide (LPS)-induced acute lung injury
in mice.” Artesunate have in-vitro antiviral properties against wide
varieties of viruses including SARS-CoV-2 and also have anti-
inflammatory, immunomodulatory, antioxidant, anticytokine,
multiorgan protective effects may be useful even in the later stages of
hyperinflammation to reduce morbidity and mortality in COVID-19
induced cytokine storm/ARDS.”

Artesunate effectiveness in clinical trial of COVID-19 patients:

In a prospective study of 43 cases of COVID-19 patients divided into
routine treatment group (n=25) and Artesunate group (n=18) 60 mg IV
twice daily along with routine treatment for 10 days. Among
Artesunate group, time for significant improvement of symptoms was
(days: 3.33+1.91 vs. 4.84+2.19), RT-PCR negative conversion time
was (days: 4.72+2.16 vs. 6.68+3.76), lung lesion absorption starting
time (days: 5.39+2.36 vs. 7.48+3.78), lung lesion absorption >70%
time (days:14.11+4.16 vs. 17.0444.42) and length of hospital stay
(days: 16.56+3.71 vs. 18.04+3.97) were significantly shorter, than
those in routine treatment group with fewer adverse reactions.*
Pradhan B et al reported IV bolus Artesunate(4mg/kg/bw) twice daily
for 5 days appears to be very effective with excellent safety profile with
faster resolution of symptoms, improves oxygen saturation rapidly in
hypoxic patients and decreased morbidity and mortality among
clinically diagnosed moderate to severe clinically diagnosed COVID-
19 infected patients.”

Cases Presentations:-

Case. 1. A48 years old female presented to ED with history of fever
for 8 days, GTCS 3-4 episodes with altered sensorium for 1 day. On
examination (O/E) her BP was 90/60mmHg, PR 90/min, SpO2 -96
%(RA). She was stupor with neck stiffness and plantar response was
extensor. Screening of RT-PCR oropharyngeal swab test for COVID-
19 was negative. On investigation serum ferritin was 544ng/ml,CRP-
36mg/L,LDH-3491U/L,D-dimer-0.1mg/L,ESR-107mm1"hr, TLC-
0.4X10*/uL,L-1.7X10*/uL.N-4.35X10*/uL,TPC 0.42X10*/uL and
Neutrophil-67.7%, Lymphocyte-27.1%, Monocyte-4.4%, Eosinophil-
0.3%, Basophils-0.3%. Chest x-ray showed bilateral(B/L) basal GGO
opacities. For GTCS she was treated initially with IV Lorazepam
followed by IV phosphenytoin, but as convulsion was continuing and
IV Valproic acid was added and convulsion was controlled. She was
empirically treated with Artesunate IV bolus 240mg twice daily and
broad spectrum IV antibiotics. On 4th day of treatment she regained
her consciousness and able to take orally. On 8" day her serum ferritin
was 38ng/ml, CRP-5mg/L and MRI of brain showed features of
meningoencephalitis. Serologic test for COVID-19 specific antibody
on 20" days from symptom onset was positive for Total Antibody
(TAb) 5.6 (CLIA) suggesting recent COVID-19 exposure.

Case. 2. A 20 years old female presented to ED with history of fever
since 10 days, headache and vomiting since 6 days and altered
sensorium for 2 days. O/E she was stupor with BP 100/70mmHg, PR -
108/min, Spo2-97% (RA), with neck stiffness and bilateral lateral
rectus palsy and plantar extension. Screening of oropharyngeal swab
RT-PCR test for COVID-19 was negative. On investigations of routine
blood tests, TLC-12.43x10*/uL,and Neutrophil- 51.1%,Lymphocyte-
47.4%,Monocyte-1.35%,Eosinophils-0.1%,Basophils-0.01%,Hb-
9.9gm%, TPC-203X10°/uL, CRP was 31.5mg/L, serum Ferritin was
721ng/ml. Chest x-ray showed bilateral ground glass opacities (GGO)
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in peripheral lung fields characteristic of COVID-19. She was
empirically treated with IV bolus Artesunate 240mg twice daily and [V
antibiotics. She regained her consciousness on 3" day. On 5" day serum
CRP was Smg/l, Ferritin was 493ng/ml and on 7" day CRP was
0.5mg/L, serum Ferritin was 399ng/ml and D-dimer 0.7mg/L. CT scan
of brain was normal. Serologic test for COVID-19 specific antibodies
on 14" day from onset of symptoms was negative (IgG of 0.09, [gM
was 0.14), probably due to shorter duration of illness not yet developed
antibodies.

Case. 3. A 23 years old female presented with fever since 4 days and
altered sensorium with delirium and irritability since 1 day. O/E her BP
was 90/50mmHg, PR-92/min, RR-30/min, SpO2-97 %(RA), with
features of encephalopathy. On investigations Hb-8gm%,TLC-
9.3x10°/uL,PLT-98X10"/uL,Urea-22mg%,Creatinine-0.9mg%,Na'-
140mEq/L,K"-3.3mEq/L.Total bilirubin-0.2mg%, direct-
0.1mg%,AST-32U/L,ALT-39U/L,HIV, HCV, HbsAg, QBC & ICT for
malaria , Dengue and Scrub typhus tests were negative. Serum CRP
level was 20mg/L, serum Ferritin - 529ng/ml. She was treated with IV
Artesunate 240mg IV bolus twice daily for 5 days and broad spectrum
IV antibiotics. She markedly improved on 3" day of treatment and fully
consciousness. On investigations her Hemoglobin level was
8.1gm%, WBC-6.89X10*/uL, PLT-197X10*/uL, Na' -14mEq/L, K" -
3.0mEq/L, CRP-0.5mg/L, serum Ferritin was 116ng/ml. CECT of
brain showed features of encephalitis. Blood sample for serologic test
for COVID-19 specific TAb antibody positive- 1.7 and IgG 3.49 OD
ratio positive (>1) on 20" day from symptom onset suggestive of recent
COVID-19 exposure.

Case. 4. A45 years old female presented to ED with chief complains of
dry cough since 10 days, Headache for 2 days and abnormal body
movement for 1 day and 3 episodes of GTCS, followed by altered
sensorium. O/E, her BP was 100/80mmHg, PR-80/min, Pa02-98 %(
RA), and plantar response were extensor. On investigation TLC-11.4
X10°/uL, Neutrophils- 95%,Lymphocytes- 2.6%,Monocyte-
1.8%,Eosinophils -0%,Basophils -9% and TPC-94X10*/uL. Serum
Na'-105mEq/L, K'-2.6mEq/L, HIV, HCV, HbsAg, QBC and ICT for
malaria, Dengue , Scrub typhus were negative. On biochemical test
serum ferritin was 906ng/ml, LDH-7191U/L,CRP-16.3mg/L,Urea-
35mg/dl,Creatinine-1.6mg/dl. Chest x-ray showed bilateral patchy
GGO right side more than left side. She was treated with IV
anticonvulsant and potassium for correction of hypokalemia. She was
treated with IV bolus Artesunate 240mg twice daily for 5 days, IV
Ceftriaxone and Vancomycine. On 5" day her serum K' was 3.7mEq/L,
Serum Na'-132mEq/L. CSF analysis on 3" day showed leukocyte 3
cells/mm’, glucose 77mg%, total protein 10mg%,chloride
118mmol/L,ADA 21U/L. On 15"day from symptoms onset COVID-19
specific antibody, IgG was positive (>1) with index value of 1.7 and
21.75 BAU/ml (ELFA Method) against S1 spike protein. MRI of brain
showed features of encephalitis. She was improved and became
conscious and left against medical advice on 7" day of treatment.

Case 5. A 44 years old female referred from a secondary care hospital
with history of fever since 5 days, vomiting 3 days and 4 episodes of
GTCS with alerted sensorium and bleeding from mouth due to tongue
bite admitted to ICU, her BP was 90/60mmHg, PR-88/min, SpO2-
98%(RA), she was treated with IV bolus Artesunate 240mg BD, IV
antibiotics and anticonvulsants to control convulsions, and
prophylaxis Enoxaparine 40 IU SC OD . Her chest x-ray showed
patchy opacities in bilateral lung fields. Routine blood investigations:-
TLC-11820/uL, N-7570/uL, L-4030/uL, M-220/uL, E-0.5/uL, TPC-
1.48lahk/uL, Hb-4.5gm/dl. QBC, ICT for malaria, HIV, HbsAg, HVC,
Dengue, Scrub typhus tests were negative. Serum Ca -1.0mg/d],Na'-
141mEq/L,K -3.9mEq/L,Urea-23mg/dl,Creatinine-1.0mg/dl,serum
total protein-6.9mg/dl, Albumin-4.2mg/dl,RBS-179mg/dl, Serum
total Cholesterol was 165mg/dl,HDL-25mg/dl,LDL-39mg/dl, TG-
161mg/dl. Total bilirubin-0.8,direct-0.5,AST-444U/L, ALP-272U/L,
ESR-20mm, CRP-25.7mg/L, Ferritin-615ng/ml, D-dimer-4.4mg/L.
CT scan of brain was normal. On 3 day she was still stupor with PR-
108/min, RR-38/min, Sp02-96% (RA), BP-80/60mmHg with
vasopressor isoprenaline IV infusion. Serum Na" was 139mmol/L, K
3.0mmol/L, Ca"0.8mg/dl, Urine microscopy showed pus cells-10/hpf
and blood and urine culture had no growth. On 5" day she had again
bout of convulsions with bradycardia (PR-50/min), with her serum
calcium was 0.8mg/dl and serum k' was 6.3mmol/L, treated with IV
calcium gluconate (10%, 50ml) infusion and k-binding through
nasogastric tube. Free radical scavenger Edaravone 60mg in 100 ml
NSV infusion in 30 minute twice daily added. On 7" day her serum K

was 6.6mEq/L, serum Ca™ was 0.9mg/dl,LDH-7461U/L, Ferritin-
348ng/ml, D-dimer-2.2. On 8" day Na'-133mEq/L.K'-4.54mEq/L,
and on 9" day serum K'-3.9mEq/L.Ca"0.8mg/dl. On 10" day her
serum Na“ was 130mEq/L, K'3.7mEg/L, Ca"-0.9mg/dl,D-dimer-
2.3mg/L. Her conditions improved and regained her consciousness
and pulse rate was 80/min and she was extubated with O, 4L/min and
SpO2 was 100%. On 11" day she was on NIV with CPAP mode and on
12" day her serum Na'was 133mEq/L,K -3.3mEq/L, Ca"'I.1mg/dl and
was on T-Pipe with NIV pressure support. Injection vitamin D,60K IM
given for low serum D, level. On 13" day patient's blood sample sent
for COVID-19 specific antibody against RBD S1 spike protein was
come to positive (>1) for IgG 3.4 index value and 69.73 BAU/ml
indicating recent exposure to COVID-19. On 14" day patient was
again stupor with decreased oxygen saturation for which again
intubated for mechanical ventilation and at that day her serum K~ was
5.7mEq/L,CRP-200mg/L,D-dimer-8.8mg/L, Na-136mEq/L,K"
5.7mEg/L, Ca™ -0.9mg/dl and on 15" day, serum Na' was
136mEq/L,K"-4.4mEq/L, Ca"'-0.9mg/dl. IV Methylprednisolone
40mg 1V tid started for 7 days. On 16" day serum Na  was
134mEq/L,K -3.1mEg/L and Ca"'-0.8mg/dl. On 17" day her serum K'
was 2.9mmol/L and again treated with IV infusion of KCL and
magnesium sulfate twice and on 18" day her serum K  was
5.7mEg/L,Na’-135mEq/L,Ca""-1.0mg/dl,D-dimer-4.1mg/L,Ferritin-
667ng/ml and her Hb was 7.7gm/dl and received one blood transfusion
.On 19" day serum Na’ was 136mEq/L,K'-3.9mEq/L, Ca"-0.8mg/dl,
Mg "-1.3mg/dl,Hb-8.1gm/dl and patient regained her consciousness
and self extubated with nasal O2 therapy. On 21th day her serum Na’
was 138mEq/L, K™-3.7mEq/L, Ca"-0.9mg/dl,Hb-7.1gm/dl and
patient able to take orally and all anticonvulsants and antibiotics were
given orally and discharged on 22th day. This was a case of clinical
COVID-19-induced encephalopathy presented with GTCS and
recurrent dys-electrolytemia.

Case 6. A 16 years old female presented with history of intermittent
fever since 15 days and loose motion for 4 days with altered sensorium
for one day. O/E she was stupor, BP-94/48 mmHg, PR-84/min, PaO2-
89 %(RA), RR-30/min.On routine blood tests TLC 9650/uL, N-46%,
L-53.4%, M-0.4%, E-0.1%, B-0%. Hb-7.2gm%,TPC-
75000/uL.RBS-143mg%,Urea-4 1mg/dl,Creatinine-0.7mg/dl,Na"-
137meq/L,K"-4.4meq/L, serum calcium 0.8mg/dl. Serum total
bilirubin-1.2mg/dl, Direct-0.8mg/dl, AST-2361U/L, ALT-
1221U/L,ALP-1711U/L. Serum Ferritin was 1000ng/ml,CRP-
21.8mg/L,ESR-20mm 1" hr. QBC, ICT for malaria , Dengue, Scrub
typhus, Leptospira , HIV, HVB, HVC tests were negative. Chest X-ray
showed bilateral GGO typical of COVID-19 and treated with IV
bolus Artesunate 240mg twice daily along with TV antibiotic. On 4"
days her chest x-ray showed some resolution of opacities. She regained
her consciousness on 3" day and fully conscious on 5" day. Her serum
sample was positive for COVID-19 spike S1 domain specific antibody
with 5.77 Index value (>1 index value positive) and 117.30 BAU/ml
(>1 BAU/ml) suggestive of recent exposure.

Case 7. A 17 years old male presented with history of fever since 8
days and altered sensorium since 4 days. His BP was 100/60mmHg,
PR-84/min, Spo2-94 % (RA). Chest X-ray showed bilateral patchy
opacities in both lower zones, right side 1 left side. On investigations
TLC- 10,810/mm’, Hb- 12.8gm%, TPC -1.7 lakh/uL,CRP-70mg/L,
Ferritin-800ng/ml,LDH-750U/L,RBS-153mg/dl, serum urea
71mg/dl, Creatinine- 1.2mg/dl, Na" -138mEq/L,K" 4.7mEq/L, Serum
bilirubin total-1.8mg%,direct- 0.9mg%,AST -386U/L,ALP-
130U/L,ALP-218U/L, Serum amylase-120. MP-QBC and ICT for
malaria negative, Dengue, Scrub typhus negative, Leptospira
negative. He was treated with IV bolus Artesunate 240mg twice daily.
On second day he regained his consciousness and discharged on 3
day.

Case 8. A 25 years old female presented with history of high grade
fever and general weakness for seven days and dry cough, one episode
of hemoptysis and bleeding gum while brushing her teeth for 2 days.
Her TPC count was 20 x10°/L, admitted to a secondary care hospital
and received 4 units of platelet transfusion at secondary care hospital
before admitted to our tertiary care hospital. On investigations on 12"
day of symptoms, TLC count was 7.06X10°/L,N-74%,L-19.8%,E-
0.9%,M-5.0%,TPC-95X10’/L.Hb-11.2gm%, Dengue, Scrub typhus,
QBC, ICT for malaria was negative. ESR-48mm ,CRP-100mg/L,
serum ferritin-400ng/ml, D-dimer-0.3mg/ml, blood Urea-13mg%,
Creatinine-0.8mg%, Na'-138mEq/L, K'-3.6mEq/L, Ca"-0.mg/dl,
total bilirubin-04.mg/dl and direct- 02.mg/dl, AST-14U/L,ALT-
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15,ASP-7U/L. Chest x-ray showed bilateral lower lobe GGO. She
received 4 units of platelet transfusion. She was afebrile on 8" day of
admission, but developed altered sensorium with irritability and then
become stupor, with plantar extensor response. Her BP was
70/50mmHg. MRI of brain report was unremarkable. She was treated
with IV bolus Artesunate 240mg twice daily. On 10" day of
hospitalization she regained her consciousness. COVID-19 spike
specific antibody was positive for IgG 42.04 index value and 854.6
BAU/mlon 15" day.

Case 9. A 25 years old female presented with history of high grade
fever for 15 days with intermittent dry cough and breathlessness for 10
days and altered sensorium for 5 days. On examination she was stupor
and her BP-80/60mmHg, SpO2-85 % (RA). On routine blood
investigations TLC-3020/uL, L-34%, E-0.2%, N-63%, TPC-
2.091lakh/pL, Hb-9.4gm%, CRP-63.3mg/L, LDH-929U/L, Serum
ferritin-480ng/ml, D-dimer-1.2mg/L,Urea-92mg%,Creatinine-
2.4mg%,Na’-146mEq/L,K"-4.4mEq/L,RBS-70mg%,HIV,HCV,HBV,
Dengue, Scrub typhus, MP-QBC,ICT Malaria were negative. Total
Cholesterol-163mg% ,HDL-26mg%,LDL-48mg%,VLDL-
82mg%,TG-409mg%. She was treated with IV bolus Artesunate
240mg BD, IV antibiotic and vasopressor with nasal O, support. On 3"
day she became afebrile and fully conscious on 4" day with Sp0O2-97 %
Room Air. On fifth day of admission her chest x-ray showed Right
lower lobe GGO.TLC-4160/uL, N-68% L-32%,E-0.3%, Hb-8.7gm%,
TPC-3.8Lakh/uL, CRP-32mg/L, serum Ferritin-655ng/ml, D-dimer-
1.2mg/L,Urea-64mg%,Creatinine-1.2mg%, Na'-143mEq/L, K'-
4.4mEq/L, RBS-110mg/dl. On 6" day Sp0O2-98 %( RA) and her BP
was 120/80mmHg without use of vasopressor.

Case 10. A 61 years old male presented with history of headache,
blurring of vision 20 days and altered sensorium 1 day. On examination
his BP was 70/40mmHg, PR-110/min, Spo2 98% (RA), stupor and
plantar responses were extensor. On investigations, TLC-
13000/nL,N-93%,L-3.3%,M-3.1%,E-0.1%,TPC-2.1Lakh/ul,Hb-
12gm%,CRP-54.6mg/L,ferritin-595ng/ml,D-dimer-0.1mg/L, RBS-
148MG%, Urea-38mg%, Creatinine-1/3mg%,Na’-127mEq/L,K -
3.3mEq/L, serum total protein-8gm%, albumin-5.1mg%, total
bilirubin-1mg%,direct-0.4mg%,AST-48U/L,ALT-53U/L,ALP-
108U/L. HIV, HCV, HBV, MP-QBC, ICT Malaria, Dengue, Scrub
typhus negative. MRI of brain showed acute infraction of left medial
temporal lobe and posterior thalamus and left lateral midbrain. Chest
x-ray showed bilateral upper lobe opacities with peripheral GGO in
right upper zone. He was treated with IV bolus Artesunate 240mg BD.
On 3" day patient conscious, afebrile, oriented with stable vital status
and BP was 110/70mmHg without vasopressor , PR-92/min,Spo2-
96%(RA)and able to take orally.

Case 11. A 42 years old male known type 2 DM on OADs presented
with history of fever since 8 days, decreased urination, dry cough and
altered sensorium for 2 days. On examination he was on shock with
systolic BP-60mmHg, PR-56/min, and Spo2-98 %(RA). On
investigations TLC-14200/pL,N-88%,L-7.2%,M-4%,E-0.3%,TPC-
21000/uL,Hb-15.4gm%,Urea-222mg%,Creatinine-5.2mg%, Na'-
131mEq/L, K'- 3.6mEq/L, C "-0.8mg/dl, serum Uric acid- 13.2mg%,
HbAlc 7.2%, CRP- 89mg/L, Ferritin 761ng/ml, D-dimer 4.6mg/L.
Serum total bilirubin 4.2mg%, direct-3.4mg%, AST-191 U/L,ALT-
92U/L,ALP-181U/L and Trop-I negative. QBC, ICT for Malaria,
Dengue, and Scrub typhus were negative, urine microscopy showed
18-20 pus cells/hpf. X-ray chest showed bilateral opacities, right side
lung  left. Bolus IV Artesunate started from 2" day of admission. On
3" day,TLC-1498/uL, N-88%,L-7%,M-4.5%,E-0.1%,TPC was
64000/uL after 3 units of RDP infusion. Urea- 233mg%, Creatinine-
3.5mg%,Na'-136mEq/L, K'-3.2mEq/L, Ca"-0.9mg/dl. MRI of brain
on 4" day showed small acute infarction in left frontal white matter in
DW]1. Patient fully conscious on 5" day and urine output was 1.5
liter/day.

Case 12. A 28 years old female presented with history of child birth by
LSCS one month back and developed fever for 2 days and loss of
consciousness for 1 day. On examination her BP was 150/90mmHg,
PR-84/min, she was stupor. On 2™ day investigations showed TLC-
35000/uL, N-69%,L-21%, E-0.6%,M-8.4%,TPC-45000/nL,Hb-
6.1gm%,CRP-38mg/L,LDH-750U/L,Ferritin-390ng/ml, ESR-
52mm,Urea-32mg%, Creatinine-0.7mg%, Na -
145mEq/L,K'3.4mEq/L, Ca™ 1.0mg/dl. Total bilirubin-0.3mg%,
direct- 0.08mg%, total protein 7.5gm%, Albumin-4gm©%,Uric acid -
6.1mg%. Chest x-ray showed bilateral patchy opacities right side L

left side. She was treated with IV bolus Artesunate 240mg twice daily.
On 3" day MRI study of brain showed left ganglio-capsular
hemorrhage with midline shift. On 4" day blood investigations showed
TLC-8000/uL,N-74%,L-16%,M-6%,E-2.3%,Hb-11.7gm%,TPC-1.3
Lakh/ul, Scrub typhus, Dengue and MP-QBC, ICT malaria was
negative. On 5" day patient regained her consciousness, oriented and
able to take orally. On 9" day repeat MRI of brain showed large sub-
acute intracerebral hemorrhage in the left ganglio-capsular area and
left coronaradiata with mass effect and midline shift. She was
discharged with residual Rt. side Hemiparesis.

Case 13. A 60 years old male presented with high grade continuous
fever for 2 days with vomiting and altered sensorium. O/E he was in
delirious and disoriented. His BP was 110/70mmHg, PR-90/min, RR-
22/min, Spo2-89% (RA), febrile with neck rigidity. On investigations
TLC-13270/pL, N-76.8%,L-18.0%, M-5.0%,TPC-
1,14000/uL, TRBC-4.3million/uL,Hb-13.2gm%,ESR-53mm, serum
ferritin-1000ng/ml, CRP-200mg/L, D-dimer-1.9mg/L. MP-QBC and
ICT, Scrub typhus, Dengue tests were negative. HIV, HBV, HBC were
non-reactive. Serum urea was 53mg/dl, Creatinine-1.2mg/dl, Na -
140mEq/L, K'-0.9mEq/L, Ca"'-3.4mg/dl, Serum total bilirubin
0.6mg/dl, direct-0.4mg/dl, AST-371U/L, ALT-941U/L, ALP-4921U/L,
total serum protein-6.0gm/dl, Albumin-1.7gm/dl, total cholesterol-
118mg/dl, HDL-20mg/dl, TG-190mg/dl, VLDL-38mg/dl, HDL-
32mg/dl. CT scan of brain showed age related cortical atrophy. CSF
study showed TLC-05/m’, Polymorph-03, mononuclear cells-02, AFB
not found, gram's stain negative, ADA test negative. X-ray chest
showed bilateral lower lobe opacities with GGO pattern right side [|
left side. He was treated with IV bolus Artesunate 240mg BD and IV
antibiotic. He recovered his consciousness after 42 hours of Artesunate
therapy and became afebrile and able to take orally.

Case 14. A 15 years old male presented with high grade intermittent
fever for 7 days three days back and had multiple episodes of seizure
for 1 day. O/E he was drowsy and disoriented, PR-110/min, BP was
90/60mmHg, and plantar responses extensor, Spo2 was 65 %( RA) and
98% with O, therapy. On investigations on the 2" day, TLC-11280/
pnL,N-43.0%,L-53.3%,M-2.6%,E-0.2%,TPC-1.72 000/pL,Hb-
10.7gm/dl, Urea-19mg/dl,Creatinine-0.7mg/dl, Na-137mEq/L,K'-
4.4mEq/L, Ca™"-1.1mg/L, total bilirubin- 0.2mg/dl ,direct-
0.1mg/dl,AST-1231U/L,ALT-1581U/L,ALP-138IU/L, serum ferritin
was 776ng/ml,LDH-860U/L, D-dimer was 4.0mg/L,MP-QBC,ICT ,
Scrubtyphus , HBV,HBC HIV tests were negative , Dengue IgM was
falsely positive (as on 4" day repeat tests for Dengue IgM and IgG
were negative). He was treated with IV bolus Artesunate 240mg twice
daily, IV anticonvulsants and antibiotic and became conscious on 3"
day and Spo2 was 100% (RA). His chest x-ray showed bilateral
peripheral inhomogeneous opacities and band of consolidation around
the left heart border suggesting COVID-19 infection.

Case 15. A 17 years old female presented with chief complains of fever
since 3 days and multiple episodes of convulsion followed by loss of
consciousness for one day. O/E her BP was 110/60mmHg, PR-
162/min, RR-24/min, Spo2-94 %( RA), comatose with extensor
plantar responses. She was treated with IV bolus Artesunate (240mg)
twice daily, IV antibiotics and anticonvulsants. There was no further
convulsion. On 2" day investigations showed TLC-5820/uL,N-
51.3%,L-40.24%,M-8.0%,E-0.2%B-0.3%.TPC-1.21 lakh/puL,Hb-
9.7gm/dl, CRP-100mg/L, serum Ferritin-214ng/ml, LDH-1200U/L,
D-dimer-1.6mg/L. Serum total bilirubin-0.2mg/dl, direct-
0.1mg/dl,AST-44U/L,ALT-32U/L,ALP-64U/L.Chest x-ray showed
band of consolidation (GGO) over the left border of heart and patchy
opacities in the right lower zone. She improved her consciousness and
able to take orally on 3" day. Repeat chest x-ray on 3" day showed
resolution of the consolidations. On 6" day blood investigations, CRP
was 1.6mg/L, Ferritin-87ng/ml, D-dimer-0.5mg/L, serum Urea-
12mg/dl, Creatinine-0.8mg/dl, serum Na'-144mEq/L,K -4.1mEq/L,
Ca"-1.Img/L. MRI of brain and contrast MRI study showed no
obvious abnormality.

Case 16. A 45 years old female presented with chief complains of
fever since 7 days, headache followed by altered sensorium for 3 days.
On examination her BP was 90/60mmHg, PR-82/min, Spo2-95 %(
RA). She was treated with IV bolus Artesunate, IV antibiotic. On 2"
day she had one episode of GTCS treated with IV anticonvulsants and
there was no further convulsion. Routine blood test showed FBS-
145mg/dl, serum Urea-43mg/dl,Creatinine-0.8mg/dl, serum Na'-
149mEq/L,K"-3.8mEq/L, serum Ca-1.0mg/dl, serum total protein-
|
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6.2gm/dl,Albumin-2.4gm/dl, total serum cholesterol-106mg/dl,HDL-
18mg/dl,LDL-48mg/dl,VLDL-32mg/dl,TG-160mg/dl. Serum
bilirubin total 0.8mg/dl, direct-0.4mg/dl, AST-168U/L, ALP-150U/L,
ALP-130U/L. ESR was 65mm , LDH-976U/L,CRP-93.03mg/L,
Serum Ferritin->1000ng/ml. Dengue, Scrub typhus , HIV;HVB,HCV
and MP-QBC,ICT tests were negative. Chest x-ray showed band of
GGO around the left border of heart and right side of hilum suggesting
COVID-19 infection and CT scan of brain had no abnormalities. On 3*
day her serum Na'-151mEq/L,K'-3.6mEq/L,Urea-55mg/dl,
Creatinine-0.8mg/dl and ECG within normal limit. On 4" day she
recovered her consciousness. On 8" day CRP level decreased to
32.1mg/L, Ferritin-292ng/ml and D-dimer was 5.1mg/L.

Case 17. A 33 years old male presented with fever since 8 days, altered
sensorium 4 days. O/E BP-130/80mmHg,PR-89/min,Spo2-
96%(RA),neck rigidity present, plantar extensor response. He was
treated with bolus IV Artesunate 240mg twice daily and IV Antibiotic.
On investigations TLC-4490/uL,N-91.1%,L-8.0%,E-0.1%,M-

0.8%,B-0%.MP-QBC, ICT , HIV, HBV, HBC, Dengue, Scrub typhus
tests were negative. Serum CRP-24.2mg/L, Ferritin-498ng/ml, LDH-
3171U/L,D-dimer-0.5mg/L. Serum total bilrubin-0.73mg/dl, direct-
0.13mg/dl, ALP-12,AST-30,ALP-109,serum total protein-7.5gm/dl,
Albumin-4.2gm/dl, Chest x-ray showed right lower lobe GGO > than
left side suggestive of COVID-19. On 2" day he was conscious but
irritable with normal vital status. On 4" day fully regain his
consciousness and FBS-141mg/dl, RBS-234mg/dl, HbAlc-6.5%,
blood Urea-26mg/dl, Creatinine-1.0mg/dl, serum Na'-143mEq/L,K -
3.7mEq/L, Ca"-1.0mg/dl. On 5" day MRI study of brain showed
multiple discreet FLAIR /T, hyerintense lesions with ill defined
margin in bilateral supratentorial brain representing infective/
inflammatory white matter disease. On 6" day contrast MRI study of
brain showed tiny enhancing lesion in bilateral Centrum semiovale,
high frontopareital lobes and left insular cortex suggestive of infective
etiology. On 9" day CSF study showed 57 cells/cmm, mostly
lymphocytes, total protein-34.7mg/dl, glucose-62mg/dl, ADA-141U/L
(>40 positive) and discharged on 13" day.

Table 1. Clinical Profiles Of Rapid Antigen And RT-PCR Negative Hospitalized Clinically Proven Acute COVID-19 Induced
Encephalopathy Patients And Their Outcome With IV Bolus Artesunate Therapy:

Case/Age & |Symptoms Co - CRP mg/L{Ferritin ng/ml | LDH IU/L|D-dimer | X-ray chest, COVID- |Outcome&
No |Sex-M/F morbidit|(N-0 - 6) |(N-30-220- M,)[(N-240- |mg/L HRCT, MRI 19 Specific|duration of
ies (20-110 F) 480) (N-0.5-1)(brain Antibodies| hospital
stay.

1 48 F Fever- 8 days, GTCS-|Nil 36 544 349 0.1 B/L basal TAD- Survived, 7
4 —with altered patchy 5.6+ve(>1)|days
sensorium-1 day pneumonia (CILIA)

2 20 F Fever-10 days, Nil 31.5 721 Not done |Not done|Chest x-ray-B/L Survived, 10
headache, vomiting, peripheral lung days
altered sensorium 2 field GGO
days

3 23 F Fever-4 days, altered |Nil 20 529 Not done [Not done|CECT TAb-1.7 & |Survived,12
sensorium, deliriuml brain—Encephalit| [gG-3.49 |days
day. is. +VE

4 45F Cough-10 days, Nil 16.3 906 719 Not done| X-ray chest B/L |IgG index |Survived, 7
headache 2 days, patchy GGO valuel.7 & [days
abnormal body rt.>left side. MRI|BAU/m 1
movements 1 day, brain 21.75
GTCS 3 episodes, Encephalitis. (ELFA)+
altered sensorium 1 VE
day.

5 |44F Fever with UTI -5 Nil 25.7 & 200|615 4.4 & 8.8/ B/LL Opacities |IgG 3.7 Survived, 22
days, vomiting, >inright side  |index value|days
GTCS with SE 1 day. & 69.73

BAU/ml
tve

6 16 F Fever 15 days, loose |Nil 21.8 1000 Not done |Not done|Chest x-ray B/L |1gG 5.77 |Survived, 6
motion 4 days, infiltrate with  |index value|days
altered sensorium 1 GGO & 117.3
day BAU/ml

+ve (>1).

7 17M Fever 8 days, altered |Nil 70 800 750 Not done|Chest x-ray B/L Survived, 3
sensorium 4 days, patchy opacities days
confused disoriented. right side >left

side.

8 25F Fever & weakness 7 |Nil 100 400 Not done |Not done|B/LL opacities |IgG 42.02 |Survived, 12
day. Gum Bleeding 2 right side > left |index value|days
day side. & 854.6

BAU/ml
tve.

9 25M Fever 15 days, dry  |Nil 63.3 480 & 655 929 1.2 Chest x-ray right Survived, 7
cough & SOB 10 LL opacities days
days, and altered
sensorium 5 days.

10 |61 M Headache, blur vision|Nil 54.6 595 Not done |Not done| B/L upper & Survived, 7
20 days, altered mid zone GGO days
sensorium 1 day. Rt > Left.

MRI brain left
medial temporal
& posterior
thalamus & left
lateral midbrain
infarction
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11 (42M Fever 8 days, dry T2DM (89 761 Not done |4.6 MRI brain Survived, 7
cough, decreased —small acute days
urination & altered infarction left
sensorium 2 days. frontal lobe, x-

ray chest B/L
opacities RT
>Left side

12 |28 F LSCS 1 month back, |NIL 38 390 750 Not done| X-ray chest B/L Survived, 9
fever 2 days, loss of peripheral GGO, days
consciousness 1 day Rt > Left MRI

brain —large left
ICH gaglio-
capsular area &
left
coronaradiata

13 |60M Fever 29 days, Nil 200 >1000 Not done 1.9 CSF study -5 Survived, 7
vomiting & altered mononuclear days
sensorium 2 days cells, x-ray chest

B/L lower lobe
opacities Rt >
Left

14 |15F Fever 15 days, GTCS |NIL Not done |776 860 4.0 Chest x-ray B/L Survived, 7
1 day, altered peripheral GGO days
sensorium 1 day and bands of

consolidation of
lung over left
border of heart.

15 [17F Fever-3 days, Nil 100 214 1200 1.6 GGO over right Survived, 7
multiple episodes of atrial border & days.
convulsions & loss of left ventricle.
conciousness-1 day MRI of brain-

normal

16 |45F Fever -7 days, Nil 65 >1000 976 5.1 Band of GGO Survived, 8
headache , altered surrounding left days
sensorium 3 days border of

heart,CT- brain
normal

17 |33 M Fever 8 days, Altered |Nil 24.2 498 317 0.5 1" MRI- CSF-57cell|Survived, 11
sensorium 4 days Inflammatory  [/ccm, days

white matter mostly
disease. lymphocyt,
Contrast MRI-  |protein-
infective 34.7mg/dl,
etiology. ADA -
14IU/L
DISCUSSION:- neurologic manifestations were delirium , movement disorders |,

Sherry HY. et al studied a total of 3083 patients (82%) across cohorts
had any neurological manifestation and described concomitant
COVID-19 neurological manifestations, including symptoms such as
headache, myalgia, anosmia, and ageusia as well as neurological
syndromes such as encephalopathy, stroke, and coma among others.
Acute encephalopathy was the most common clinically captured
neurological sign and/or syndrome in all cohorts of 49% patients. The
next most common neurological signs and/or syndromes were coma
(17%) and stroke (3%). The most common self-reported symptoms
included headache 37% and anosmia or ageusia in 26%. Furthermore,
the presence of neurological signs or syndromes with COVID-19
significantly increased (5-fold higher) risk of dying during acute
hospitalization. Presence of preexisting neurological disorders was
associated with increased risk of developing neurological signs and/or
syndromes and independently associated with exacerbation of existing
neurological pathology, development of de novo neurological
syndromes, or neurological complications.” Virginie Lambrecq et al,
to better define the features of COVID-19-related
encephalopathy(CORE), enrolled 78 RT-PCR positive hospitalized
COVID-19 adults or COVID-19 associated pneumonia on a CT scan
of the chest were underwent EEG to identify a subgroup of patients
with CORE and they combined EEG with clinical, biological, and
MRI findings. Before the patients underwent EEG the most frequent

including tremor , dyskinesia , akathisia , myorrhythmia , and
myoclonus , anosmia , seizures including status epilepticus , focal
seizures , and generalized seizures , and oculomotor disorders. There
were 57 patients underwent MRI and 41 had abnormalities i.e. acute
ischemic lesions , multiple micro-hemorrhages, white matter-
enhancing lesions , basal ganglia abnormalities, and metabolic lesions
(i.e. central pontine myelinolysis). Twenty patients had perfusion
abnormalities, almost entirely hypoperfusion.The results of MRI scans
were more frequently unremarkable than EEG findings 28% vs 12%.
Sixty-nine patients showed pathologic EEG findings, including
metabolic-toxic encephalopathy features, frontal abnormalities,
periodic discharges, and epileptic activities. Fifty-five patients showed
biological abnormalities, including dysnatremia, kidney failure, and
liver dysfunction the same day as the EEG. The results of cerebrospinal
fluid analysis were negative for SARS-Cov-2 for all tested patients.
Nine patients who had no identifiable cause of brain injury outside
COVID-19 were defined as COVID-19-related encephalopathy. The
results from this cohort of hospitalized patients with COVID-19
suggest there are clinical, EEG, and MRI patterns that could delineate
specific COVID-19-related encephalopathy.” C.Delorme et al
reported four cases of COVID-19-related encephalopathy and
described the clinical features of COVID-19-related encephalopathy
and their metabolic correlates using brain 2-desoxy-2-fluoro-D-
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glucose (FDG)-positron emission tomography (PET)/computed
tomography (CT) imaging (FDG-PET/CT). The diagnosis was made
in patients with confirmed COVID-19 who presented with new-onset
cognitive disturbances, central focal neurological signs, or seizures.
All patients underwent cognitive screening, brain MRI, lumbar
puncture and brain (FDG-PET/CT). The delay between first COVID-
19 symptoms and onset of neurological symptoms were between 0 and
12 days. None of these patients had MRI features of encephalitis or
significant cerebrospinal fluid (CSF) abnormalities. SARS-CoV-2 RT-
PCR in the CSF was negative for all patients. All patients presented
with a consistent brain FDG-PET/CT pattern of abnormalities, namely
frontal hypometabolism and cerebellar hypermetabolism. All patients
improved after immunotherapy.™

COVID-19 can present with central nervous system manifestations,
such as headache, encephalitis and encephalopathy, peripheral
nervous system manifestations, such as anosmia, ageusia and Guillian-
Barre syndrome, and skeletal muscle manifestations, such as myalgia
and myasthenia gravis reported either in the early stage or within the
course of the disease. Systematic review showed that COVID-19 can
be manifested by a wide spectrum of neurological symptoms.” A
previous study has shown that serological assays exhibit diagnostic
accuracy for COVID-19 only after 14 days of symptom onset,
allowing appropriate antibody seroconversion in the host. The
accuracy and limitations of existing serological methods for SARS-
CoV-2 antibody detection have been openly debated and are an
ongoing area of research and refinement.”

Our case series highlight that COVID-19 infection can present with
clinical manifestations of encephalopathy. In this case series, patients
presented with encephalopathy as the initial main clinical
manifestation and diagnosis was confirmed by follow up positive
SARS-CoV-2 serological test. COVID-19 infection can present with
asymptomatic or pauci-symptomatic, diagnosed by early detection of
elevated inflammatory biomarkers and imaging studies i.e. chest x-ray,
HRCT of chest, among clinically suspected COVID-19-induced
encephalopathy. These finding underscores the value of measuring the
inflammatory and coagulation markers and imaging study during the
etiological workup of patients who experienced atypical
manifestations of COVID-19, given that a negative result from an RT-
PCR test is expected.

CONCLUSIONS:-

RT-PCR nasopharyngeal swab test frequently gives false negative
results and under diagnose COVID-19 infection. COVID-19
infections are associated with early elevated inflammatory blood
biomarkers and associated coagulation dysfunction. This case series
highlights that, COVID-19 infected patients can presented with
features of encephalopathy in the second wave of COVID-19
pandemic. As COVID-19 is a highly inflammatory disease, diagnosed
early by measurement of elevated inflammatory biomarkers and
imaging studies.COVID-19 specific serological tests in the
appropriate time further confirm the evidence of COVID-19 infection.
An early identification of COVID-19 infection has public health
implications, which can presents with variable clinical manifestations.
Artesunate has pleotropic effects i.e. antiviral, anti-inflammatory, anti-
cytokine, anti-oxidant, immunomodulatory, organ protective effects
etc. The main stay of treatment in this case series was with use of high
dose IV bolus Artesunate and all responded very well without any
adverse effects. This novel innovative observation and treatment
warrants confirmation in other locations with high volumes of
unexplained encephalopathy during this COVID-19 pandemic with
high index of suspicion of COVID-19 infection. Furthermore, future
randomized, double blind placebo controlled trials are needed to
examine the association of COVID-19-induced encephalopathy
among RT-PCR positive cases and their response to IV bolus
Artesunate.

Limitation Of Study: -

Case control observational study was not done due to clinically marked
decrease in mortality and morbidity associate with IV bolus
Artesunate therapy which was safe and very effective.
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