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radiograph demonstrated patchy changes bilaterally. A CT
brain scan was normal. Intensive care was required and antimi-
crobial treatment included cefotaxime, clarithromycin, acyclo-
vir, and oseltamivir.

The ALT level was elevated (1319 IU/L). An MRI brain scan
(day 10) demonstrated cerebral atrophy and bilateral symmetri-
cal restricted diffusion involving the frontal cortex (Figure 1).
He had severe sequelae: a tracheostomy was necessary, and at 6
months he was unable to sit unaided or use his hands for pur-
poseful activities and was mute. Bulbar function was abnormal,
and he required a percutaneous gastrostomy.

Case 9—Acute Necrotizing Encephalopathy
A previously well 2-year-old white boy presented with a 2-day
history of pyrexia, diarrhea, and vomiting. Over several hours,
his Glasgow Coma Score dropped to 4/15, and he developed
signs of raised intracranial pressure. He was mechanically venti-
lated and received intravenous mannitol, ceftriaxone, acyclovir,
and oseltamivir. An initial CT of the brain demonstrated edema
of the thalami, basal ganglia, and brainstem.

He developed acute renal and liver failure (ALT, 13 713 IU/L)
with coagulopathy. The brain MRI (day 5) demonstrated multiple
symmetrical lesions in the thalami (Figure 2). He died despite
treatment with intravenous methylprednisolone and immuno-
globulin. Investigations to look for underlying metabolic, genetic,
and autoimmune causes were negative.

Case 10—Hemorrhagic Shock and Encephalopathy Syndrome
A 3-year-old girl of South Asian ethnicity presented with a 2-
day coryzal illness and a brief generalized tonic-clonic seizure.
She was drowsy with refractory circulatory shock. Initial anti-
microbial treatment included ceftriaxone and acyclovir. During

intubation, she became bradycardic and required cardiopulmo-
nary resuscitation.

She developed acute renal and hepatic failure, coagulopathy,
hypernatremia, and lactic acidosis. ALT was markedly raised
(3192 IU/L). The CT brain scan demonstrated diffuse cerebral
edema. Antimicrobial cover was broadened to include cefotax-
ime, clarithromycin, oseltamivir, and acyclovir. Twelve hours
after presentation, she had signs of brainstem death and bilat-
eral retinal hemorrhages; treatment was withdrawn.

Case 23—Acute Hemorrhagic Leukoencephalopathy
A 42-year-old white woman with well-controlled asthma pre-
sented with a 1-day history of left-sided pleuritic chest pain,
dyspnea, and pyrexia. She was started on co-amoxiclav and
clarithromycin; subsequently, piperacillin/tazobactam and osel-
tamivir were added. She deteriorated, requiring vasopressors
and invasive ventilation.

Blood cultures grew S. pneumoniae, and antibiotic cover was
narrowed to intravenous benzylpenicillin according to sensitivi-
ties. Initial CT scanning of the brain demonstrated signi!cant ce-
rebral edema, and EEG re"ected severe encephalopathy. The
patient was treated with mannitol and mechanical hyperventila-
tion. Three days later, a further brain CT demonstrated worsening
cerebral edema (Figure 3). She lost brain stem re"exes, and care
was withdrawn. Postmortem examination demonstrated AHL.

DISCUSSION

In"uenza-related neurological manifestations were !rst reported
in 1918 [18]. There were then few reports until the 1990s, when
increasing descriptions of in"uenza-related acute encephalopathy
emerged predominantly from Japan [3]. Since the emergence of

Figure 1. T2 and diffusion-weighted magnetic resonance imaging of
case 4, who had acute infantile encephalopathy predominantly affecting
the frontal lobes, on day 10 of illness. T2 image demonstrates mild cere-
bral atrophy, with signal change deep in the medial parietal cortex. Diffu-
sion-weighted image demonstrates extensive signal change in the frontal
cortex and deep interhemispheric parietal lobe.

Figure 2. T2 and diffusion weighted imaging of case 9, who had acute
necrotizing encephalopathy, on day 5 of illness, showing marked swelling
and signal abnormality of the thalami, posterior putamina, and periventric-
ular white matter with evidence of diffusion restriction in all affected
areas.
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Background. The emergence of in!uenza A(H1N1) 2009 was met with increased reports of associated neuro-
logical manifestations. We aimed to describe neurological manifestations of in!uenza in adults and children in the
United Kingdom that presented at this time.

Methods. A 2-year surveillance study was undertaken through the British adult and pediatric neurological sur-
veillance units from February 2011. Patients were included if they met clinical case de"nitions within 1 month of
proven in!uenza infection.

Results. Twenty-"ve cases were identi"ed: 21 (84%) in children and 4 (16%) in adults. Six (29%) children had
preexisting neurological disorders. Polymerase chain reaction of respiratory secretions identi"ed in!uenza A in 21
(81%; 20 of which [95%] were H1N1) and in!uenza B in 4 (15%). Twelve children had encephalopathy (1 with
movement disorder), 8 had encephalitis, and 1 had meningoencephalitis. Two adults had encephalopathy with
movement disorder, 1 had encephalitis, and 1 had Guillain-Barré syndrome. Seven individuals (6 children) had spe-
ci"c acute encephalopathy syndromes (4 acute necrotizing encephalopathy, 1 acute infantile encephalopathy pre-
dominantly affecting the frontal lobes, 1 hemorrhagic shock and encephalopathy, 1 acute hemorrhagic
leukoencephalopathy). Twenty (80%) required intensive care, 17 (68%) had poor outcome, and 4 (16%) died.

Conclusions. This surveillance study described a cohort of adults and children with neurological manifestations
of in!uenza. The majority were due to H1N1. More children than adults were identi"ed; many children had speci"c
encephalopathy syndromes with poor outcomes. None had been vaccinated, although 8 (32%) had indications for
this. A modi"ed classi"cation system is proposed based on our data and the increasing spectrum of recognized
acute encephalopathy syndromes.

Keywords. in!uenza; H1N1; encephalopathy; classi"cation; surveillance.

Neurological manifestations are an important complica-
tion of in!uenza infection. A wide variety of acute

neurological presentations are reported, of which febrile
seizures and encephalopathy are the most common, and
approximately three-quarters of cases occur in children
[1, 2]. In Japan, in!uenza is the most commonly identi-
"ed pathogen in acute encephalopathy, and it is noti"able
[3, 4]. In the United States and Australia, 6%–19% of
children hospitalized with in!uenza infection have neuro-
logical manifestations [2, 5, 6]. With the increasing avail-
ability of magnetic resonance imaging (MRI) and newer
imaging modalities, the generic term “in!uenza-related
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H1N1 Influenza Pandemic

• Prospective, 2 years, UK
• 25 cases, 21 children
• PCR+ve respiratory, none in CSF
• Children
• 12 encephalopathy
• 9 encephalitis

• Adults
• 2 encephalopathy/movement dis
• 1 encephalitis 
• 1GBS



70-80% symptoms
<10% syndrome
<1% hospitalised



Ascribing a specific pathogen as the cause of the
encephalitis is not straightforward. The definitive or

‘gold standard’ way to establish an infectious aeti-
ology is to identify the pathogen in diseased brain

tissue. Whilst brain biopsy has 99% sensitivity and
100% specificity for herpes simplex encephalitis

(HSE) its use is limited in the living as only a small
amount of tissue is obtained for investigation, limited

areas of the brain can be sampled, and the procedure
may be associated with surgical complications [3].
Therefore a number of problems face both the diag-

nostician and researcher. First, in most cases it is
not possible to study directly the diseased tissue. In

addition, the frequency or strength of the link be-
tween the putative aetiological agent and the neuro-

logical syndrome varies among organisms.
Encephalitis is often described as a rare compli-

cation of common human infections. Thus, the detec-
tion of organisms outside the central nervous system

(CNS) occurs with frequency, particularly for viruses
that establish lifelong latency in their hosts such as
lymphotropic and neurotropic herpesviruses. Other

potentially neurotropic organisms are associated with
asymptomatic carriage in non-sterile sites, such as

the nasopharynx. Hence, detection of an organism in
a non-sterile site or extraneural tissue confers less di-

agnostic weight than detection of an organism within
brain tissue. Analysis of cerebrospinal fluid (CSF) is

the key diagnostic intervention in patients with sus-
pected CNS infections; however, being more rep-
resentative of pathological processes a!ecting the

meninges as opposed to the parenchyma of the brain
it is only a surrogate for brain tissue. Furthermore,

the methods of microbe detection have di!erent
diagnostic weight. For instance, isolation or culture of

an organism indicates the presence of viable microbes,
which cannot necessarily be implied when specific

microbial sequences are detected by polymerase chain
reaction (PCR). Therefore there exists a hierarchy of

sample locations for attributing causality (see Fig. 1).
As Rivers classically demonstrated detection of a

microbe is not su"cient to attribute causality but this

association can be strengthened by demonstrating
a microbe-specific immune response [2]. Serological

tests may show primary or recent infection or activity,
which confers more aetiological weight; particularly

when the detected organism is one that establishes
latency.Neurological complications aremore frequent

at the time of primary infection with viruses such as
Epstein–Barr virus (EBV) or human herpesviruses-6
and -7 (HHV-6/-7) in the immunocompetent [4].

Furthermore, through study of CSF and blood sam-
ples paired in time, the microbe-specific immune re-

sponse can be demonstrated to occur locally within
the intrathecal space. When found this implies a very

strong association between organism and neurologi-
cal syndrome. Thus without brain biopsy the hier-

archical zenith for diagnosis of infectious encephalitis
would be both the demonstration of an organism
and its specific immune response within the intra-

thecal space. Critically, however, infection is a dyn-
amic process and therefore at di!erent time points

during infectious encephalitis the probability of detect-
ing either the causal microbe or the microbe-specific

immune response varies.
Approximately one third of acute encephalitides

are thought to have an immune-mediated patho-
genesis, with acute disseminated encephalomyelitis

(ADEM), being the most commonly identified sub-
type [5]. The clinical manifestations of ADEM, often
referred to as ‘post-infectious’ encephalitis, and acute

infectious encephalitis may be identical and di"cult
to distinguish on clinical grounds alone [6]. There

are at present no universally standardized diagnostic
criteria for ADEM. Diagnosis is complicated and

numerous controversies exist, for instance how to
make the distinction from a first presentation of

multiple sclerosis [7]. Other more recently described
causes of immune-mediated encephalitis include
voltage-gated potassium channel antibodies and

BRAIN*

Organism within
CNS ± intrathecal

specific
immune response

Organism in sterile
site† ± specific

immune response 

Organism carriage
 and evidence of specific immune

response

Organism carriage – detection in non-
sterile site and no specific immune response

Increased
likelihood of 

being causative
agent

Fig. 1. Hierarchy of diagnostic tests for defining causal
relationship between a microbe and the syndrome en-
cephalitis. * This hierarchy is not relevant for all bacteria
and viruses, e.g. rabies virus. #Normally sterile site=blood,
CSF, joint, pleural, or pericardial fluid.
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SUMMARY

Defining the causal relationship between a microbe and encephalitis is complex. Over 100
di!erent infectious agents may cause encephalitis, often as one of the rarer manifestations of

infection. The gold-standard techniques to detect causative infectious agents in encephalitis in life
depend on the study of brain biopsy material ; however, in most cases this is not possible. We

present the UK perspective on aetiological case definitions for acute encephalitis and extend them
to include immune-mediated causes. Expert opinion was primarily used and was supplemented by

literature-based methods. Wide usage of these definitions will facilitate comparison between
studies and result in a better understanding of the causes of this devastating condition. They
provide a framework for regular review and updating as the knowledge base increases both

clinically and through improvements in diagnostic methods. The importance of new and emerging
pathogens as causes of encephalitis can be assessed against the principles laid out here.

Key words : Aetiology, case definition, encephalitis, infection.

INTRODUCTION

Encephalitis is a complex syndrome of multiple aeti-
ologies and pathogeneses. The clinical diagnosis of

encephalitis is complicated as the symptoms and signs
are similar to many other serious neurological dis-

eases. Infection is the commonest cause of acute

encephalitis where an aetiological diagnosis is made;
however, in most cases the cause remains undetected

[1]. When an infection is detected in a patient with
encephalitis, another complexity presents itself : with

what certainty can we say the infectious agent is
actually causing encephalitis? In 1890 Robert Koch

described a series of conditions that must be met to
establish a microorganism as the cause of a disease
and additional criteria were added later by Rivers for

virus infections ; however, not all microbes associated
with encephalitis can be shown to fulfil these criteria [2].

* Author for correspondence : Miss J. Granerod, Health Protection
Agency Centre for Infections, 61 Colindale Avenue, London
NW9 5EQ, UK.
(Email : Julia.granerod@hpa.org.uk)
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patients could be primarily managed by physicians with 
various clin ical specialties, including neurologists, stroke 
or acute medical physicians, psychiatrists, or intensive 
care physicians. More comprehensive and integrated 
epidemi o logical characterisation is crucial to under-
standing the mechanisms that underlie these presen-
tations, without which it will be impossible to rationally 
select, evaluate, and use appropriate therapies.

We aimed to collate data through a large-scale, national, 
dynamic, cross-specialty collaborative structure, to both 
inform best practice management guidelines and to 
direct research priorities.

Methods
Case notification
During the exponential phase of the pandemic, we 
developed an online network of secure rapid-response 
case report notification portals (CoroNerve platforms) 
comprising the Association of British Neurologists 
(ABN) Rare Diseases Ascertainment and Recruitment 
(RaDAR),12 the British Association of Stroke Physicians 
(BASP),13 and the Royal College of Psychiatrists 
(RCPsych),14 in collabo ration with the British Paediatric 
Neurology Association (BPNA),15 the Neuro Anaesthesia 
and Critical Care Society (who used the ABN portal), 
the Intensive Care Society, and key stakeholders. 
Reporting portals for fully anonymised details were 
hosted on the web platforms of these collaborating 
professional bodies and via a novel web portal. 
Members of these professional organisations were 
emailed weekly to remind them of the surveillance 
programmes and were invited to notify the central 
CoroNerve Group at CoroNerve.com of any cases of 
COVID-19 associated with any of the clinical case 
definitions that they had seen through these portals.

Because of the clinical demands of the pandemic, we 
identified minimum clinical datasets that could be 
completed in under 5 min to reflect the crucial data 
required to determine the confidence in the diagnosis of 
COVID-19, demography, geography, and the nature of the 
clinical syndrome. Physicians were encouraged to report 
cases prospectively and we also permitted recent cases to 
be notified retrospectively when assig ned a confirmed 
date of admission or initial clinical assess ment, allowing 
identification of cases that occur red before notification 
portals were available. Patients were not randomly 
assigned. Awareness of the study and notification portals 
was increased through social platforms during the peak of 
the pandemic, including professional webinars, recorded 
online presentations, and social media. The ABN portal 
was launched on April 2, 2020, the BASP portal on 
April 3, 2020, and the RCPsych portal on April 21, 2020. 
Data lock for this report was on April 26, 2020. Given the 
propensity for hospitalisation with COVID-19 for older 
demographic groups, older patients were defined as those 
aged 60 years or older and younger patients as those less 
than 60 years old.

For a full list of participating hospitals and the number 
of cases they notified see the appendix (pp 2–3).

Evidence of COVID-19
Evidence of SARS-CoV-2 infection was defined as 
confirmed COVID-19 if PCR of respiratory samples 
(eg, nasal or throat swab) or CSF was positive for viral RNA 
or if serology was positive for anti-SARS-CoV-2 IgM or 
IgG. Cases were defined as probable COVID-19 if a chest 
radiograph or chest CT was consistent with COVID-19 but 
PCR and serology were negative or not done. Cases were 
defined as possible COVID-19 if the disease was suspected 
on clinical grounds by the notifying clinician but PCR, 
serology, and chest imaging were negative or not done.

Clinical case definitions
Broad clinical syndromes associated with COVID-19 were 
classified as a cerebrovascular event (defined as an acute 
ischaemic, haemorrhagic, or thrombotic vascular event 
involving the brain parenchyma or subarach noid space), 
altered mental status (defined as an acute alteration in 
personality, behaviour, cognition, or consciousness),16 
peri pheral neurology (defined as involving nerve roots, 
peripheral nerves, neuromuscular junction, or muscle), 
or other (with free text boxes for those not meeting these 
syndromic presentations). Data were collected on the 
specific clinical case definitions within these broad pre-
sentations, as follows: a cerebrovascular event (ischaemic 
stroke, intracerebral or subarachnoid haemorrhage, 
cerebral venous sinus thrombosis, or cerebral vasculitis); 
altered mental status (encephalopathy, encephalitis—
defined as ence phalo pathy with evidence of inflammation 
in the CNS [CSF white cell count >5 cells per µL, protein 
>0·45 g/dL, or MRI consistent with inflammation], 
seizures [clinical or elec tro enceph alo graphic evidence], 
and neuropsychi atric syn dromes notified through psychi-
atrists or neuro psychiatrists [psychosis, neuro cognitive 

For more on the central 
CoroNerve Group 
see www.coronerve.com
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Complete clinical datasets were available for 125 (82%) 
of 153 patients. Dates of admission or initial clinical 
assessment were available for 112 (90%) of 125 patients 
and correlated with the national case identification data 
of all laboratory-confirmed patients with COVID-19 
reported by government public health bodies over the 
same time period, reflecting the exponential phase of 
infection (figure 1).

Data on the sex and age of notified patients are reported 
in the table. Overall, the median age of 71 years (range 
23–94; IQR 58–79) was similar to national data collected 
through UK Government public health bodies over the 
same time period, although for some centiles an older 
population could be overrepresented within the study 
cohort (figure 2). Data were available for sex for 117 (76%) 
of 153 patients as this question was not included in the 
original ABN RaDAR web portal, representing 28 (19%) 
cases, and this question was not answered in the other 

portals in eight (5%) cases. Therefore, data regarding sex 
were available for 117 (94%) of 125 patients for whom 
these data were requested.

114 (92%) of 125 patients with complete notification 
data met the criteria for confirmed SARS-CoV-2 infection, 
five (4%) met the criteria for probable SARS-CoV-2 
infection, and five (4%) met the criteria for possible 
SARS-CoV-2 infection. 77 (62%) of 125 patients presented 
with the broad clinical syndrome of a cerebro vascular 
event, of whom 57 (74%) had an ischaemic stroke and 
nine (12%) an intracerebral haemorrhage. A clinical 
diagnosis of CNS vasculitis was reported in one (1%) 
patient with an unusual and otherwise unexplained 
infarct of the corpus callosum and imaging appearances 
sug gestive of vasculitis; however, the full angiographic 
report and pathological confirmation were not provided 
(figure 3). Beyond cerebrovascular events, 39 (31%) of 
125 patients presented with altered mental status, 

Figure !: Number of broad and specific clinical case definitions notified in the dataset, including evidence for severe acute respiratory syndrome coronavirus 2 within each grouping, 
according to the clinical case definition
*One patient with opsoclonus-myoclonus syndrome, one patient with sixth nerve palsy, and one patient with seizures. †Two patients with cerebral venous thrombosis, two patients with transient 
ischaemic attack, one patient with subarachnoid haemorrhage, and five unspecified. ‡1 case with missing SARS-CoV2 data. §One patient with brachial neuritis and one patient with myasthenic crisis. 
¶Three patients with depression, two patients with personality change, one patient with catatonia, and one patient with mania.
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dementia-like syndrome, personality change, catatonia, 
mania, anxiety or depres sion, chronic fatigue synd-
rome, and post-traumatic stress disorder]); and peri pheral 
neurology (Guillain-Barré syndrome, Miller Fisher synd-
rome, brachial neuritis, myasthenia gravis, peripheral 
neuro pathy, myopathy, myositis—defined as myopathy 
with evidence of inflammation [eg, by MRI or biopsy of 
muscle with elevated creatine kinase], and critical illness 
neuro myopathy).

When patients met more than one specific clinical case 
definition (eg, seizures and encephalitis), the underlying 
causal diagnosis was considered primary and compli-
cations of that diagnosis considered secon dary features 
(eg, encephalitis would be con sidered primary and 
seizures secondary). Where there were discrepancies in 

classification, these were resolved through discussion 
with senior authors (BDM, IG, and RHT).

Additional data collection
By asking reporting physicians to submit their contact 
details at the time of notification (including a National 
Health Service email address), we established confir-
mation of the veracity of the data and created a log 
for subsequent sample collection and longitudinal 
follow-up studies, through linkage with existing plat-
forms including co-recruitment into the International 
Severe Acute Respiratory and Emerging Infection 
Consor tium (ISARIC) Clinical Characterisation Protocol, 
which was also recorded.17 Data collected were compared 
with the geographical, demographic, and temporal 
presentation of overall cases of COVID-19 as reported by 
national government public health bodies representing 
each of the regions of the UK (Public Health England, 
Health Protection Scotland, Public Health Wales, and 
the Public Health Agency [Northern Ireland]).

The UK Health Research Authority formally confirmed 
this approach was compliant with regulations regarding 
anonymised surveillance of routine clinical practice in 
pandemic conditions, as initiated by the local attending 
clinician.

Role of the funding source
There was no funding source for this study. The 
corresponding author had full access to all the data in the 
study and had final responsibility for the decision to 
submit for publication.

Results
In the first 3 weeks of the submission portals accepting 
notifications (April 2–26, 2020), the CoroNerve study 
platforms received notification of 153 unique cases that 
met the clinical case definitions by clinicians in the UK. 
Patients were geographically dispersed across the UK, as 
were overall laboratory-confirmed cases of patients with 
COVID-19 reported by government public health bodies 
during the same time period (appendix p 1). Data from 
the admitting medical units were available for 152 (99%) 
of 153 patients. 26 (17%) of 152 patients were from tertiary 
care hospitals, 125 (82%) were from secondary care 
hospitals, and one (1%) was from primary care. Overall, 
75 (49%) of 153 cases were notified through the BASP 
portal, 53 (35%) through ABN or CoroNerve.com, and 
25 (16%) through the RCPsych portal. Cases were 
reported retrospectively for 24 (16%) of 153 patients and 
the remainder were reported prospectively. The BPNA 
surveillance network was not available for notifications, 
as the portal was not live during the study period. 
Data on reporting physician specialty were available 
for 150 patients: 61 (41%) were stroke physicians, 
39 (26%) were neurologists, 26 (17%) were psychiatrists 
or neuro psychiatrists, 23 (15%) were acute medicine or 
other physicians, and one (1%) was a general practitioner.
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Figure !: Age distribution of all cases notified to the CoroNerve Study Group 
and national data collected by UK Government public health bodies within 
the first 3 weeks of CoroNerve accepting notifications

All cases 
(n=153)

Cerebrovascular 
(n=77)

Altered mental 
status (n=39)

Peripheral 
(n=6)

Other 
(n=3)

Sex at birth

Male 73 (48%) 44 (57%) 23 (59%) 5 (83%) 1 (33%)

Female 44 (29%) 30 (39%) 14 (36%) 0 0

Not reported 36 (24%) 3 (4%) 2 (5%) 1 (17%) 2 (67%)

Age, years

!20 0 0 0 0 0

21–30 4 (3%) 1 (1%) 3 (8%) 0 0

31–40 4 (3%) 1 (1%) 3 (8%) 0 0

41–50 10 (7%) 5 (6%) 4 (10%) 1 (17%) 0

51–60 17 (11%) 6 (8%) 8 (21%) 2 (33%) 1 (33%)

61–70 23 (15%) 16 (21%) 5 (13%) 2 (33%) 0

71–80 31 (20%) 23 (30%) 8 (21%) 0 0

81–90 23 (15%) 18 (23%) 5 (13%) 0 0

"91 5 (3%) 4 (5%) 1 (3%) 0 0

Missing 36 (24%) 3 (4%) 2 (5%) 1 (17%) 2 (67%)

Median (range; 
IQR)

71 (23–94; 
58–79)

73·5 (25–94; 
64–83)

71 (23–91; 
48–75)

59 (44–63; 
50–62)

54 (54–54)

Data are n (%), unless otherwise indicated.

Table: Sex and age data for notified patients
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comprising nine (23%) patients with unspecified enceph-
alopathy and seven (18%) patients with both clinical 
symptoms or signs of encephalopathy and evidence of 
CNS inflammation meeting the clinical case definition 
for encephalitis. All seven patients with encephalitis met 
the criteria for confirmed SARS-CoV-2 infection. The 
remaining 23 (59%) patients with altered mental status 
fulfilled the clinical case definitions for psychiatric 
diagnoses as classified by the notifying psychiatrist or 
neuropsychiatrist. Only two (9%) of 23 patients had 
exacerbations of existing enduring mental illness. 
Ten (43%) of 23 patients with neuropsychiatric disorders 
had new-onset psychosis, six (26%) had a neurocogni-
tive (dementia-like) syndrome, and seven (30%) had an 
other psychiatric disorder, including one case of catatonia 
and one case of mania.

Age data were available for 74 (96%) of 77 patients with 
cerebrovascular events and 37 (95%) of 39 patients with 
altered mental status. 18 (49%) of 37 patients with altered 
mental status were younger than 60 years and 19 (51%) were 
older than 60 years, whereas 13 (18%) of 74 patients with 
cerebrovascular events were younger than 60 years versus 
61 (82%) patients older than 60 years (figure 4).

Discussion
To our knowledge, this is the first systematic, nationwide 
UK surveillance study of the breadth of acute compli-
cations of COVID-19 in the nervous system, undertaken 
through rapid mobilisation of UK professional bodies 
representing neurology, stroke or acute medicine, 
psychi atry, and intensive care. Cases notified by the 
professional membership of these bodies were obtained 
from across the UK, and an exponential rise in cases of 
neurological and psychiatric complications of COVID-19 
occurred during the exponential rise in overall COVID-19 
cases reported by UK Government public health bodies.

Future studies on neurological complications of 
COVID-19, particularly those assessing genetic and 
associated risk factors, would benefit from obtaining 

notification of all cases of infection admitted to every 
hospital as a denominator, or a cohort of COVID-19 
patients without neurological or psychiatric compli-
cations as a control group. However, given the time 
pressure on busy clinical teams during the pandemic, we 
focused our notification structure on patients with 
neurological or psychiatric complications of infection. 
Cases were reported from physicians who spanned 
various specialties, and almost all cases met the case 
definition of confirmed SARS-CoV-2 infection.

Cerebrovascular events in patients with COVID-19, 
which have been well described elsewhere,1,9 were also 
identified as a major group within our cohort. However, 
we identified a large proportion of cases of acute alteration 
in mental status, comprising neuro logical syndromic 
diagnoses such as ence phalo pathy and encephalitis 
and primary psychiatric synd romic diagnoses, such as 
psychosis. Although cerebro vascular events and altered 
mental status were identified across all age groups, our 
cohort confirms that cerebrovascular events pre dominate 
in older patients; however, these early data identify that 
acute alterations in mental status were disproportionately 
overrepresented in younger patients in our cohort. Our 
rates of neurological and psychiatric complications of 
COVID-19 cannot be extrapolated to mildly a!ected 
patients or patients with asymptomatic infection, espe-
cially those in the com munity, but give a broad national 
perspective on complications severe enough to require 
hospitalisation.

Our approach to case ascertainment has the potential 
for reporting bias and requires validation through detailed 
prospective clinicoepidemiological data collec tion. Plans 
for such studies should be developed in advance of future 
pandemics, so that they can be mobilised early during 
disease spread. A more engaged professional membership 
or those more used to sub mitting data to surveillance 
studies through this approach could potentially be over-
represented in our results. However, this study was the 
first major national investigation to use a data surveillance 
approach for clinicians, who notified a large proportion of 
our cohort (ie, BASP and RCPsych). Additionally, the 
present study included a priori consider ations to deter-
mine the strength of the evidence for SARS-CoV-2 
infection, and data collection was informed by clear 
clinical case definitions. Moreover, in this cohort, we 
conclude that this study is unlikely to have had systematic 
over ascertainment bias for psychiatric or neuropsychiatric 
presentations. 41% of cases were reported by stroke 
physicians, and the RCPsych web portal was launched 
18 days later than the other neurological, stroke, and 
intensive care unit or more general portals, yet we 
observed a large number of psychiatric or neuro-
psychiatric notifications. Indeed, as many patients with 
COVID-19 are managed in intensive care units with 
sedative and paralytic medications, which can both mask 
and contribute to iatrogenic complications, our cohort 
might under represent the rate of neurological or 
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Figure !: Age distribution of patients identified through the CoroNerve 
surveillance study meeting the clinical case definitions for cerebrovascular 
and neuropsychiatric events
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A B S T R A C T   

Historical epidemiological perspectives from past pandemics and recent neurobiological evidence link infections 
and psychoses, leading to concerns that COVID-19 will present a significant risk for the development of psy-
chosis. But are these concerns justified, or mere sensationalism? In this article we review the historical associ-
ations between viral infection and the immune system more broadly in the development of psychosis, before 
critically evaluating the current evidence pertaining to SARS-CoV-2 and risk of psychosis as an acute or post- 
infectious manifestation of COVID-19. We review the 42 cases of psychosis reported in infected patients to 
date, and discuss the potential implications of in utero infection on subsequent neurodevelopment and psychi-
atric risk. Finally, in the context of the wider neurological and psychiatric manifestations of COVID-19 and our 
current understanding of the aetiology of psychotic disorders, we evaluate possible neurobiological and psy-
chosocial mechanisms as well as the numerous challenges in ascribing a causal pathogenic role to the infection.   

1. Introduction 

Psychosis is a highly disruptive syndrome with many aetiologies 
characterised primarily by delusions, hallucinations, and disorganised 
thought, speech and behaviour [1]. Since the start of the COVID-19 
pandemic case reports and series of apparent COVID-19-associated 
psychosis have emerged. There is increasing urgency for a critical 
evaluation of the nature and strength of this association (Fig. 1) 

Since before the COVID-19 pandemic, the field of psychiatry had 
witnessed renewed interest in a classical hypothesis: that viruses can 
cause ’insanity’, or more specifically psychotic disorders such as 
schizophrenia. This reappraisal occurred in the context of an ‘inflam-
matory turn’ within psychosis research in the 2010s [2], fuelled in part 
by genome-wide association studies converging on schizophrenia risk 
loci within the major histocompatibility complex (MHC) and in loci 
involved in B cell development [3]; potentially including complement 
pathway loci [4] and by the recognition that brain-directed autoim-
munity (e.g. to the N-methyl-D-Aspartate [NMDA] receptor) can cause 
psychosis as part of an autoimmune encephalitis syndrome, which in 

some cases may itself be ‘post-infectious’ in the sense of being triggered 
by a viral infection, usually of the CNS [5–7]. 

At the same time large-scale, well-controlled epidemiological data 
have emerged demonstrating clear associations between risk of devel-
oping psychotic disorders and previous a) hospitalisation or treatment 
for severe infection [8,9]; b) number of severe infections [10]; c) pres-
ence of autoimmune disease [11,12] and d) maternal infection during 
pregnancy [13]. Moreover, relationships have been observed with the 
temporality of infection, such that risk of a new diagnosis of psychotic 
disorder is greatest soon after a diagnosis of infection [8,9]. Further-
more, sero-epidemiological studies focussing on exposure to viruses, as 
indicated by pathogen-specific IgG responses, have implicated exposure 
to numerous viral and nonviral pathogens, including herpes simplex 
virus, Epstein-Barr virus, cytomegalovirus, influenza and Toxoplasma 
gondii, in psychosis risk [14,15], or risk of related phenomena including 
childhood psychotic experiences [16] or psychosis-associated cognitive 
dysfunction [17]. 

Literature suggesting an association between infection and psychosis 
can be traced many centuries [18,19], but even as far back as discussions 
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of the ‘psychoses of influenza’ in the 17th and 18th century it was rec-
ognised that specific, predominantly respiratory infections, are tempo-
rally associated with acute psychosis [20]. Most notably, hundreds of 
cases of acute post-influenzal psychosis were reported during and after 
the 1918!19 Spanish influenza pandemic. This was a phenomenon 
distinct from the near-contemporaneous epidemic of encephalitis leth-
argica, a syndrome of varied neuropsychiatric manifestations including 
psychosis, which may also have had a post-influenzal aetiology. The 
writings of Karl Menninger, whose case series and attempted ontologies 
of post-infectious neuropsychiatric presentations have taken on a keen 
relevance a hundred years later, are particularly clear: he described 
cohorts of patients who presented with a schizophrenia-like psychosis 
weeks after influenza infection, taking great pains to distinguish these 
from patients who presented with psychotic symptoms as part of a more 
generalised impairment of consciousness or delirium [21–23]. Men-
ninger even described one case who developed psychosis after the 
Spanish flu, having experienced his first episode after contracting 
influenza decades earlier during the 1889!92 Russian influenza 
pandemic. Following some of the 1918 patients for over 5 years, Men-
ninger was stunned to see that many even with schizophrenia-like pre-
sentations made a full recovery, a trajectory that was at odds with the 
dominant Kraepelinian notion of dementia praecox, where patients with 
what we now term schizophrenia were predicted to experience pro-
gressive and irreversible neurocognitive decline [22]. Similar acute 
psychoses have been described after subsequent influenza pandemics, 
and indeed in some cases following influenza vaccination [20]. Infection 
with another pandemic virus, HIV, is now recognised as associated with 
an increased risk of both schizophrenia and acute psychosis [24]. In 

contrast to this, it is important to note the relative dearth of psychoses 
reported during and after the 2009 H1N1 pandemic [25]. Minimal cases 
were described in the literature, however, H1N1 surveillance studies 
focused primarily on neurological outcomes of infection, with exami-
nation of psychiatric sequelae less frequent [26,27]. 

In the 1980s and 1990s, following the demonstration that children 
born during the 1957 Asian influenza epidemic were at increased risk of 
developing psychosis [28], a large number of epidemiological and 
sero-epidemiological studies have attempted to elucidate the nature of 
the association between in utero viral exposure and the development of 
psychosis [29,30]. Most mechanistic work on infection-related psychosis 
has taken place within this context: the maternal immune activation 
(MIA) model has reliably demonstrated that the offspring of pregnant 
mothers exposed to an inflammatory ‘hit’ are at greater risk of devel-
oping abnormalities across multiple anatomical, physiological and 
behavioural domains, many of which resemble observations in humans 
with psychotic disorders [31]. 

The foregoing suggests that COVID-19, a pandemic acute respiratory 
viral infection, may have the potential to cause psychosis, either acutely, 
or as a post-infectious manifestation, or as a neurodevelopmental 
pregnancy-associated risk factor. Interestingly a 2011 study found that 
exposure to two seasonal coronaviruses, HKU1 and NL63, was associ-
ated with increased risk of developing psychosis [32] – a finding that has 
never been replicated (although the same group did describe an asso-
ciation between coronavirus seropositivity and a history of mood dis-
orders [33]). In a recent systematic review and meta-analysis, Rogers 
et al. reported a rate of diagnoses of acute mania and/or psychosis in 0.7 
% of SARS and MERS patients, although most appear to have been 

Fig. 1. Potential mechanisms of COVID-19 psychosis based on knowledge of other viruses, adapted from Ellul et al., 2020 [98] created with BioRender.com.  
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Characteristics

• 267 cases
• 95 (36%) female
• 44 (18%) from Black, Asian and Minority ethnic groups 
• 113 (42%) below 60 years
• COVID-19 was confirmed or probable in 239 (90%)

 

 
Symptom n (%) 

Cough 139 (67) 

Fever 172 (73) 

Rhinorrhoea 24 (13) 

Sore throat 18 (11) 

Headache 37 (22) 

Anosmia 15 (13) 

Loss of taste 12 (10) 

Chest pain 20 (11) 

Wheeze 26 (14) 

Shortness of breath 134 (61) 

Lethargy 124 (68) 

Arthralgia 13 (10) 

Myalgia 42 (27) 

Diarrhoea 34 (18) 

Abdominal pain 24 (13) 

Vomiting 23 (12) 

Other 37 (21) 

 
Supplementary Table 3. Reported non-neurological symptoms in all patients.   
  
  

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3767901

Preprint not peer re
vie

wed



Case classification: tier based

1. Neuroanatomical: central vs peripheral

2. Pathophysiological

Case classification

1. Neuroanatomical
2. Pathophysiological



66 (25%) after respiratory improvement

69 (26%) predated respiratory symptoms 

 
 

COVID 19 Neurological Clinical Care Pathway 

 
Purpose of Care Pathway:  

• We recommend that COVID-19 pathways be established at local, regional, and national 

levels. COVID-19 care pathways are for persons with suspected or confirmed COVID-19. 

• A person enters the COVID-19 care pathway after s/he is screened, based on 

standardized case definitions, including assessment of symptoms/signs, and meets 

criteria for a suspect case.*  

o Suspect cases may be referred to as “persons or patients under investigation” 

(PUIs) in some contexts. 

o Probable cases are suspect cases for whom testing for SARS-CoV-2 is inconclusive 

or not available. 

o Confirmed cases are persons with laboratory confirmation of COVID-19. 

• The neurological clinical care pathway is recommended to facilitate the screening, 

triage, clinical assessment and management of people presenting or developing 

neurological symptoms/signs in the context of COVID-19. 

 
Neurological Symptom Screening Checklist  

 
Purpose: o Facilitate clinical care through assessment of neurological symptoms/signs meeting 

criteria for a suspect case. 

o Facilitate triage of patients with acute or subacute neurological symptoms/signs in the 

COVID-19 neurological clinical care pathway 

 

COVID 19 Neurological Screening Checklist 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Background: 
o COVID-19 may present with neurological symptoms and/or signs with or without typical 

COVID-19 symptoms  

o Individuals with underlying neurological conditions (e.g. dementia, multiple sclerosis, 

myasthenia gravis), infants, children, and older people are at particular risk of presenting 

with atypical COVID-19 symptoms. 

 
  

 
 

 

 

 
 

 

 
 

 
 

 
Adults and Children: 

 

Loss (anosmia) or decreased sense of smell (h
yposmia) 

 

Loss (ageusia) or decreased sense of ta
ste (dysgeusia) 

 

 

New onset headache with or without associated neck stiffn
ess 

 

 

Acute or subacute change in personality, behavior, o
r cognition (e.g. 

confusion, deliriu
m, agitation, psychosis)  

 

 

Decreased consciousness (e.g., somnolence, stupor, u
nresponsiveness) 

 

 

New onset dizziness, pre-syncopal symptoms or syncope 

 

 

New onset seizures or increased seizure activity  

 

  

New onset of lim
b (s) weakness (motor), n

umbness (sensory), and/or 

urinary/bowel symptoms (autonomic). 

 
New onset of visual symptoms, facial weakness, and/or tro

uble with 

speech or swallowing. 

 

 

New focal or diffu
se muscle pain (myalgias) and/or fa

tigue with or 

without weakness.  

 
 

 
 

 

Recommendations: 

o Perform checklist at point of entry into healthcare system (i.e
. urgent 

care clinic, emergency room, etc) 

o In addition to standardized screening questio
ns, it i

s recommended that 

patients meeting one or m
ore of th

e symptoms/signs below be 

considered as a suspect case.* 

o In addition to the following screening symptoms, any patient unable to 

communicate possible symptoms of COVID-19 should be considered as 

a suspect case. 

  

 

Onset of neurological symptoms relative to first COVID symptom



Traditional diagnostic flowchart



Neuropsychiatric complications of covid-19
From acute delirium to long term fatigue, covid-19 has serious neuropsychiatric effects

Matthew Butler, 1 Thomas A Pollak, 1 Alasdair G Rooney, 2 Benedict D Michael, 3 Timothy R Nicholson1

Viral infections of the respiratory tract can have
multisystemic effects, including on the central
nervous system (CNS), and thus may precipitate a
spectrum of psychiatric and neurological disorders.1
Some patients with covid-19 are now known to
develop various CNS abnormalities with potentially
serious and long termconsequences, including stroke
and isolated psychiatric syndromes.2 As covid-19
cases rise againworldwide, it is timely to reviewwhat
weknowanddon’t knowabout the acute and chronic
neuropsychiatric sequelae and their potential
mechanisms.
In laboratory studies, SARS-CoV-2 is neurotropic
(replicating inneurons) andhas the potential to enter
the CNS via angiotensin converting enzyme 2
receptors in theolfactorybulb.3 Whether thishappens
in clinical populations is unclear. Postmortemstudies
show evidence of cerebral inflammation, and
neuroimaging studies detect leucoencephalopathy
andmicrobleeds in critically ill patients.4 While viral
RNA is typically absent from the cerebrospinal fluid5

and postmortem brain samples,6 antibodies to
SARS-CoV-2 have been identified in cerebrospinal
fluid.7 Other mechanisms causing CNS dysfunction
include cytokine driven inflammatory responses8

and wider systemic effects such as endotheliopathy,
breakdown of the blood-brain barrier,7 and clotting
abnormalities.6

Additional biological mechanisms, including
autoimmunity, may be relevant to psychiatric
disorders, as well as the psychological trauma of life
threatening illness and pandemic related
socioeconomic stressors. The relative contributions
of these mechanisms to neuropsychiatric
complications remain largely unknown.

Acute neuropsychiatric symptoms
Neuropsychiatric symptoms, particularly delirium,
were common in previous coronavirus outbreaks of
severe acute respiratory disease (SARS) and Middle
East respiratory syndrome (MERS).9 So far, covid-19
seems to followa similar pattern: delirium is themost
commonacuteneuropsychiatric syndrome10 andmay
be the sole presenting feature of covid-19 in older
adults and those with dementia.11 Delirium is
associated with poorer outcomes10 and is especially
prevalent among patients requiring intensive care,12
where cognitive and behavioural abnormalities have
been reported in one third of patients after
discharge.13

Screening for deliriumshouldbe considered in acute
cases, particularly in older adults or those with
pre-existing dementia, using a validated tool such as
the 4AT (the4at.com)14, along with close monitoring
for longer term adverse outcomes such as cognitive

impairment.15 Efforts should also be made to identify
patients with alterations in mental state that are not
explained by delirium, as they may need more
advanced diagnostic and therapeutic approaches.
During previous coronavirus pandemics, low mood
and anxiety were common in the acute phase of
infection (withpsychosis andcatatonia in aminority),
and in one study of covid-19 patients admitted with
acute respiratory distress syndrome, fatiguepersisted
after discharge in around one fifth.9 The UK based
CoroNerve group is gathering surveillance data
through clinician reports of neurological and
neuropsychiatric disorders among inpatients with
covid-19. Reports so far include covid-19 associated
psychosis, mood disorders, and catatonia as well as
encephalopathy, encephalitis, andotherneurological
disorders in those admitted with covid-19.16 We
encourage clinicians encountering such cases to
report them through the study website
(coronerve.com).17 The precise incidence of these
conditions and whether they are also associated with
milder forms of covid-19 are still unclear.
High rates of anxiety, depression, andpost-traumatic
stress disorder have been reported in people who
recover after hospital admission for covid-19,18 but
it is still too early to gauge the full effect of long term
complications. A complete picture may not emerge
for years, as was the case when children born during
influenza pandemicswere found to havehigher rates
of psychotic disorders in adulthood.1

Long covid
However, some initial observations can be made.
Some patients treated in hospital for severe covid-19
experience disabling fatigue19 and cognitive
difficulties20 after discharge. A diverse group of
presentations, increasingly referred to as “long
covid,” is also being described in patients who did
not require hospital treatment. These patients report
a wide variety of symptoms, persisting for many
months after acute infection. To date, most research
on long covid has been led by patients, and it
suggests this is a common and disabling disorder.21
Further research informing clinical guidelines and
our understanding of the mechanisms underlying
this disorder is urgently required.22

Covid-19 is likely to have important neuropsychiatric
effects in both the short and longer term. Emerging
data suggest delirium is the most common acute
neuropsychiatric manifestation, and both screening
at-risk individuals and long term monitoring should
be considered. Acute psychiatric complications are
also a concern, and epidemiological andmechanistic
studies are needed to augment current surveillance
efforts.

1the bmj | BMJ 2020;371:m3871 | doi: 10.1136/bmj.m3871
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Intensive care 
(65% vs 26%, p <0·001) 

Ventilation 
(71% vs 28%, p <0·001) 



Traditional diagnostic flowchart



13 cases of severe encephalopathy not meeting delirium criteria
With severely reduced level of arousal

• cardiac and renal complications including cardiac 
arrest in adults

• seizures in older adults with significant pre-existing 
neurological comorbidities

• seizures and status epilepticus in younger patients 
with no premorbid conditions

These patients were younger and had higher in-
hospital resource utilization (duration of ventilation, 
intensive care)

13 cases of severe encephalopathy, not meeting delirium criteria



Leukoencephalopathy, or encephalitis
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Background. Several preclinical and clinical investigations have argued for nervous system involvement in severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) infection. Some sparse case reports have described various forms of encephalitis in 
coronavirus disease 2019 (COVID-19) disease, but very few data have focused on clinical presentations, clinical course, response to 
treatment, and outcomes.

Methods. !e SARS-CoV-2 related encephalopaties (ENCOVID) multicenter study included patients with encephalitis with full 
infectious screening, cerebrospinal #uid (CSF), electroencephalography (EEG), and magnetic resonance imaging (MRI) data and 
con$rmed SARS-CoV-2 infection recruited from 13 centers in northern Italy. Clinical presentation and laboratory markers, severity 
of COVID-19 disease, response to treatment, and outcomes were recorded.

Results. Twenty-$ve cases of encephalitis positive for SARS-CoV-2 infection were included. CSF showed hyperproteinorrachia and/
or pleocytosis in 68% of cases whereas SARS-CoV-2 RNA by reverse-transcription polymerase chain reaction resulted negative. Based 
on MRI, cases were classi$ed as acute demyelinating encephalomyelitis (ADEM; n = 3), limbic encephalitis (LE; n = 2), encephalitis with 
normal imaging (n = 13), and encephalitis with MRI alterations (n = 7). ADEM and LE cases showed a delayed onset compared to the 
other encephalitis cases (P = .001) and were associated with previous, more severe COVID-19 respiratory involvement. Patients with MRI 
alterations exhibited worse response to treatment and $nal outcomes compared to those with other encephalitis.

Conclusions. SARS-CoV-2 infection is associated with a wide spectrum of encephalitis characterized by di%erent clinical pres-
entation, response to treatment, and outcomes.

Keywords.  encephalitis; COVID-19; SARS-CoV-2; ADEM; neuroin#ammation.

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection is mainly characterized by respiratory tract symptoms 
with adverse outcomes mostly related to the severity of acute res-
piratory distress syndrome (ARDS). With the increasing number 

of confirmed cases and accumulating clinical data, it is now 
well established that in addition to the predominant respiratory 
symptoms, a significant proportion of patients with coronavirus 
disease 2019 (COVID-19) experience neurological symptoms, 
including olfactory dysfunction [1], headache, and confusion [2, 
3]. SARS-CoV-2 infection also has the potential for specifically 
targeting the central nervous system (CNS), and some cases of 
encephalitis have been described in patients admitted to the in-
tensive care unit (ICU) for severe respiratory distress [4, 5].

Few case reports have also described the occurrence of en-
cephalitis during SARS-CoV-2 infection independently from 
ARDS, arguing for a CNS in#ammatory-mediated involvement 
[6, 7]. However, the neurotropism of SARS-CoV-2 infection 
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Pearls
c Coronavirus disease 2019 (COVID-19) can cause di!use leukoencephalopathy.
c Although the pathophysiology of leukoencephalopathy due to COVID-19 is unclear, there

are myriad possible mechanisms for this "nding, including hypoxic–ischemic injury,
microvascular thrombosis secondary to hypercoagulability, and endothelial damage.

Oy-sters
c Do not assume that critically ill patients with COVID-19 who are on sedation for a

protracted period will be neurologically intact when sedation is discontinued and wears o!.
c In critically ill patients with COVID-19 who have encephalopathy, before attributing

prolonged coma to infection and toxic–metabolic conditions, obtain an MRI.

The neurologic manifestations of coronavirus disease 2019 (COVID-19) have been increasingly
documented.1 However, severe encephalopathy with white matter changes on imaging has not
been well-described. We present 4 patients with leukoencephalopathy following COVID-19
infection who were evaluated by the neurology team at New York University Langone
Health–associated hospitals between April 2 and April 29, 2020. Select clinical data and laboratory
values are found in table 1 and table e-1 (links.lww.com/WNL/B187), respectively. All 4 cases
were positive for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) nasopha-
ryngeal PCR on admission.

Case reports
Case 1
A 49-year-old man with a history of type II diabetes mellitus and thymoma presented to the
emergency department (ED) with 3 days of cough. He developed hypoxic respiratory failure and
required endotracheal intubation. He was treated empirically with hydroxychloroquine, azi-
thromycin, zinc, and tocilizumab. He required multiple sedative agents for ventilator dyssyn-
chrony. Neurology was consulted on hospital day 30, 4 days after discontinuation of sedation,
because of persistent unresponsiveness. On evaluation, his eyes were open, but he did not attend,
follow commands, or move his extremities in response to stimulation. MRI showed di!use T2/
#uid-attenuated inversion recovery (FLAIR) hyperintensities in the supratentorial white matter
with di!usion restriction but no enhancement with gadolinium ("gure, A–C). CSF studies were
notable for elevated protein (147 mg/dL) without pleocytosis (3 cells/mL) and negative SARS-
CoV-2 PCR.His serumneuron- speci"c enolase level was 4.5 !g/L (reference range 3.7–8.9 g/L).
Serum myelin oligodendrocyte glycoprotein antibody titer was <1:10. His mental status im-
proved, such that he was able to follow one-step commands and answer simple yes or no
questions, on hospital day 41. His tracheostomy was decannulated on hospital day 51 and he was
discharged to a rehabilitation facility on day 69.
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Brain!MRI

As shown in Tables!1 and 2 and Figure!1, 13 patients (52%) had 
a normal MRI (E-MRI–), 5 (20%) patients showed specific MRI 
alterations (ADEM , n = 1; ANE with positive Susceptibility 
weighted imaging sequences, n = 2; and LE, n = 2), whereas 
7 (28%) patients showed heterogeneous MRI alterations 
(E-MRI+) such as multiple subcortical T2 hyperintensities 
(n = 4), focal cortical T2 and Diffusion-weighted magnetic res-
onance imaging hyperintensities (n = 3), and leptomeningeal 
enhancement (n = 1).

Clinical Presentation According to Encephalitis!Subtype

All ADEM and LE cases occurred after the onset of COVID-
19 symptoms, with a delayed neurological onset compared with 
the remaining encephalitis cases. COVID-19 respiratory in-
volvement was significantly more severe in ADEM/ANE and 
LE compared to other encephalitis (Table!1).

Blood and CSF analyses did not di"er between encepha-
litis subgroups, but higher lactate dehydrogenase levels were 
found in ADEM and LE cases (P = .001; Supplementary Table 
2). Clinical presentation at onset and during the hospitalization 
was similar between groups, but a higher frequency of seizures 
was observed in E-MRI+ cases (Table!2).

Spontaneous recovery was observed in 6 patients. A! posi-
tive response to high-dose methylprednisolone was observed 

in 1 ADEM, in 1 LE, and in 3 E-MRI– patients, whereas no re-
sponse was observed in ANE or any of the 4 E- MRI+ cases. 
Immunoglobulins (1! g/kg for 5! days) were administered to 1 
ANE, 2 E-MRI+, and 1 E-MRI–, without signi#cant bene#ts.

$e #nal clinical outcome was worse in ADEM/ANE and 
E-MRI+ cases compared to LE and E-MRI– encephalitis (P = .03; 
Figure!2). Four cases died (3 E-MRI+ and 1 E-MRI–).

DISCUSSION

In this multicenter study, SARS-CoV-2 infection was associated 
with a wide clinical spectrum of encephalitis, characterized by 
heterogeneous clinical presentation and outcomes, thus under-
lying divergent pathophysiological mechanisms.

$e cohort included 25 cases of encephalitis diagnosed ac-
cording to standard guidelines [13] with con#rmed SARS-
CoV-2 respiratory infection and full CSF, EEG, and MRI 
available data, recruited in a network involving 13 centers in 
Lombardy and Veneto, Italy. To focus on encephalitis subtypes 
and outcomes, the study excluded COVID-19 cases with ce-
rebrovascular disease, despite this being the most common 
neurological presentation of SARS-CoV-2 infection at the 
emergency department [20].

$e large majority of patients with encephalitis exhibited mod-
erate respiratory COVID-19 disease, with prominent neurolog-
ical disturbances including delirium and aphasia/dysarthria as 

A C E G I
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ANE ADEM LE E-MRI+ E-MRI–

Figure 1. Brain magnetic resonance imaging (MRI) findings according to encephalitis phenotypes. A and B, Case of acute necrotizing encephalitis characterized by fluid-
attenuated inversion recovery (FLAIR) diffuse bilateral hyperintensities (A), with linear gadolinium enhancement on coronal T1 (B). C and D, Case of acute disseminated 
encephalomyelitis with T2 and FLAIR hyperintensities (involving corpus callosum, bilateral cerebellar peduncles, and right thalamus) on axial (C) and coronal (D) planes. E 
and F, Case of limbic encephalitis characterized by increased T2-FLAIR signal within bilateral mesial temporal lobes (E) and coronal planes (F). G and H, Case of unspecific 
alterations defining the group of encephalitis with MRI alterations (E-MRI+): Diffusion-weighted magnetic resonance imaging DWI hyperintensities on frontal superior and 
medium gyrus and FLAIR hyperintensity on right cerebellar tonsil. I and J, Case of encephalitis with negative MRI (E-MRI–) without pathological findings on FLAIR images. 
Abbreviations: ADEM, acute disseminated encephalomyelitis; ANE, acute necrotizing encephalitis; E-MRI–, encephalitis with negative magnetic resonance imaging; E-MRI+, 
encephalitis with magnetic resonance imaging alterations; LE, limbic encephalitis.
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CVA

• 35 (27%) aged <60 years 
• 10 (0-18) vs 0 (-7 to 7) days p<0·001
• Co-morbidities (67% vs 88%)
• Multi-vessel (31% vs 15%)
• Non-CNS thrombosis (18% vs 8%)



Cerebrovascular cases: younger but with similar risk factors 
versus historical control

Higher frequency of non-CNS 
thrombotic complications (e.g., 
pulmonary embolism, cardiac 
thrombus, renal artery 
thrombosis) than the rest of the 
cohort (11% versus 5%)

Cerebrovascular cases: younger but with similar risk factors 
vs historical control

Non-CNS thrombotic complications 11% vs 5%
Pulmonary, cardiac, renal artery



Adjusting for diagnostic variables
No adjustment for diagnostic 

variables

OUTCOME VARIABLE: MRS SCORE AT OUTCOME >2

OR (95% CI) p-value OR (95% CI) p-value
Age (10-year age groups) 1.66 (1.23, 2.25) 0.001 1.67 (1.26, 2.22) <0.001

Sex at birth (Male) 1.40 (0.61, 3.24) 0.431 1.61 (0.73, 3.55) 0.236
Non-white ethnic group 1.73 (0.66, 4.55) 0.267 1.54 (0.62, 3.86) 0.355
Clinical frailty scale (Rockwood) 1.48 (1.08, 2.03) 0.014 1.51 (1.13, 2.02) 0.005

Pre-existing neurological disease 1.38 (0.47, 4.10) 0.560 1.05 (0.39, 2.87) 0.920
Hypertension 0.75 (0.31, 1.81) 0.517 0.70 (0.30, 1.65) 0.418
Diabetes 0.96 (0.36, 2.55) 0.928 1.16 (0.46, 2.98) 0.751
Log10 white cell count at admission 6.56 (1.01, 42.53) 0.049 7.51 (1.20, 46.92) 0.031

Cerebrovascular event diagnosis 2.84 (0.72, 11.22) 0.136
Central inflammatory diagnosis 1.68 (0.39, 7.33) 0.490
Delirium diagnosis 0.94 (0.24, 3.67) 0.932
Psychiatric diagnosis 0.65 (0.13, 3.26) 0.600
Other encephalopathy diagnosis 0.94 (0.16, 5.70) 0.950
Peripheral neuropathy diagnosis 2.45 (0.47,12.87) 0.289

Recovery: premorbid health and age predominate over type of 
COVID neurologyRecovery: Premorbid health and age predominate



   
 

  30 
 

 
Figure 7. Bubble plots displaying the relationship between mRS (modified Rankin scale) at nadir of illness whilst in hospital and mRS at outcome assessment, within individual 
diagnostic categories. Bubble area corresponds to patient number. Line of equivalence is shown in red: cases below the line improved, cases above the line got worse, while cases 
on the line stayed the same 

Outcome

May improve
Not all
Cerebrovascular worst
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comprising nine (23%) patients with unspecified enceph-
alopathy and seven (18%) patients with both clinical 
symptoms or signs of encephalopathy and evidence of 
CNS inflammation meeting the clinical case definition 
for encephalitis. All seven patients with encephalitis met 
the criteria for confirmed SARS-CoV-2 infection. The 
remaining 23 (59%) patients with altered mental status 
fulfilled the clinical case definitions for psychiatric 
diagnoses as classified by the notifying psychiatrist or 
neuropsychiatrist. Only two (9%) of 23 patients had 
exacerbations of existing enduring mental illness. 
Ten (43%) of 23 patients with neuropsychiatric disorders 
had new-onset psychosis, six (26%) had a neurocogni-
tive (dementia-like) syndrome, and seven (30%) had an 
other psychiatric disorder, including one case of catatonia 
and one case of mania.

Age data were available for 74 (96%) of 77 patients with 
cerebrovascular events and 37 (95%) of 39 patients with 
altered mental status. 18 (49%) of 37 patients with altered 
mental status were younger than 60 years and 19 (51%) were 
older than 60 years, whereas 13 (18%) of 74 patients with 
cerebrovascular events were younger than 60 years versus 
61 (82%) patients older than 60 years (figure 4).

Discussion
To our knowledge, this is the first systematic, nationwide 
UK surveillance study of the breadth of acute compli-
cations of COVID-19 in the nervous system, undertaken 
through rapid mobilisation of UK professional bodies 
representing neurology, stroke or acute medicine, 
psychi atry, and intensive care. Cases notified by the 
professional membership of these bodies were obtained 
from across the UK, and an exponential rise in cases of 
neurological and psychiatric complications of COVID-19 
occurred during the exponential rise in overall COVID-19 
cases reported by UK Government public health bodies.

Future studies on neurological complications of 
COVID-19, particularly those assessing genetic and 
associated risk factors, would benefit from obtaining 

notification of all cases of infection admitted to every 
hospital as a denominator, or a cohort of COVID-19 
patients without neurological or psychiatric compli-
cations as a control group. However, given the time 
pressure on busy clinical teams during the pandemic, we 
focused our notification structure on patients with 
neurological or psychiatric complications of infection. 
Cases were reported from physicians who spanned 
various specialties, and almost all cases met the case 
definition of confirmed SARS-CoV-2 infection.

Cerebrovascular events in patients with COVID-19, 
which have been well described elsewhere,1,9 were also 
identified as a major group within our cohort. However, 
we identified a large proportion of cases of acute alteration 
in mental status, comprising neuro logical syndromic 
diagnoses such as ence phalo pathy and encephalitis 
and primary psychiatric synd romic diagnoses, such as 
psychosis. Although cerebro vascular events and altered 
mental status were identified across all age groups, our 
cohort confirms that cerebrovascular events pre dominate 
in older patients; however, these early data identify that 
acute alterations in mental status were disproportionately 
overrepresented in younger patients in our cohort. Our 
rates of neurological and psychiatric complications of 
COVID-19 cannot be extrapolated to mildly a!ected 
patients or patients with asymptomatic infection, espe-
cially those in the com munity, but give a broad national 
perspective on complications severe enough to require 
hospitalisation.

Our approach to case ascertainment has the potential 
for reporting bias and requires validation through detailed 
prospective clinicoepidemiological data collec tion. Plans 
for such studies should be developed in advance of future 
pandemics, so that they can be mobilised early during 
disease spread. A more engaged professional membership 
or those more used to sub mitting data to surveillance 
studies through this approach could potentially be over-
represented in our results. However, this study was the 
first major national investigation to use a data surveillance 
approach for clinicians, who notified a large proportion of 
our cohort (ie, BASP and RCPsych). Additionally, the 
present study included a priori consider ations to deter-
mine the strength of the evidence for SARS-CoV-2 
infection, and data collection was informed by clear 
clinical case definitions. Moreover, in this cohort, we 
conclude that this study is unlikely to have had systematic 
over ascertainment bias for psychiatric or neuropsychiatric 
presentations. 41% of cases were reported by stroke 
physicians, and the RCPsych web portal was launched 
18 days later than the other neurological, stroke, and 
intensive care unit or more general portals, yet we 
observed a large number of psychiatric or neuro-
psychiatric notifications. Indeed, as many patients with 
COVID-19 are managed in intensive care units with 
sedative and paralytic medications, which can both mask 
and contribute to iatrogenic complications, our cohort 
might under represent the rate of neurological or 
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Figure !: Age distribution of patients identified through the CoroNerve 
surveillance study meeting the clinical case definitions for cerebrovascular 
and neuropsychiatric events
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comprising nine (23%) patients with unspecified enceph-
alopathy and seven (18%) patients with both clinical 
symptoms or signs of encephalopathy and evidence of 
CNS inflammation meeting the clinical case definition 
for encephalitis. All seven patients with encephalitis met 
the criteria for confirmed SARS-CoV-2 infection. The 
remaining 23 (59%) patients with altered mental status 
fulfilled the clinical case definitions for psychiatric 
diagnoses as classified by the notifying psychiatrist or 
neuropsychiatrist. Only two (9%) of 23 patients had 
exacerbations of existing enduring mental illness. 
Ten (43%) of 23 patients with neuropsychiatric disorders 
had new-onset psychosis, six (26%) had a neurocogni-
tive (dementia-like) syndrome, and seven (30%) had an 
other psychiatric disorder, including one case of catatonia 
and one case of mania.

Age data were available for 74 (96%) of 77 patients with 
cerebrovascular events and 37 (95%) of 39 patients with 
altered mental status. 18 (49%) of 37 patients with altered 
mental status were younger than 60 years and 19 (51%) were 
older than 60 years, whereas 13 (18%) of 74 patients with 
cerebrovascular events were younger than 60 years versus 
61 (82%) patients older than 60 years (figure 4).

Discussion
To our knowledge, this is the first systematic, nationwide 
UK surveillance study of the breadth of acute compli-
cations of COVID-19 in the nervous system, undertaken 
through rapid mobilisation of UK professional bodies 
representing neurology, stroke or acute medicine, 
psychi atry, and intensive care. Cases notified by the 
professional membership of these bodies were obtained 
from across the UK, and an exponential rise in cases of 
neurological and psychiatric complications of COVID-19 
occurred during the exponential rise in overall COVID-19 
cases reported by UK Government public health bodies.

Future studies on neurological complications of 
COVID-19, particularly those assessing genetic and 
associated risk factors, would benefit from obtaining 

notification of all cases of infection admitted to every 
hospital as a denominator, or a cohort of COVID-19 
patients without neurological or psychiatric compli-
cations as a control group. However, given the time 
pressure on busy clinical teams during the pandemic, we 
focused our notification structure on patients with 
neurological or psychiatric complications of infection. 
Cases were reported from physicians who spanned 
various specialties, and almost all cases met the case 
definition of confirmed SARS-CoV-2 infection.

Cerebrovascular events in patients with COVID-19, 
which have been well described elsewhere,1,9 were also 
identified as a major group within our cohort. However, 
we identified a large proportion of cases of acute alteration 
in mental status, comprising neuro logical syndromic 
diagnoses such as ence phalo pathy and encephalitis 
and primary psychiatric synd romic diagnoses, such as 
psychosis. Although cerebro vascular events and altered 
mental status were identified across all age groups, our 
cohort confirms that cerebrovascular events pre dominate 
in older patients; however, these early data identify that 
acute alterations in mental status were disproportionately 
overrepresented in younger patients in our cohort. Our 
rates of neurological and psychiatric complications of 
COVID-19 cannot be extrapolated to mildly a!ected 
patients or patients with asymptomatic infection, espe-
cially those in the com munity, but give a broad national 
perspective on complications severe enough to require 
hospitalisation.

Our approach to case ascertainment has the potential 
for reporting bias and requires validation through detailed 
prospective clinicoepidemiological data collec tion. Plans 
for such studies should be developed in advance of future 
pandemics, so that they can be mobilised early during 
disease spread. A more engaged professional membership 
or those more used to sub mitting data to surveillance 
studies through this approach could potentially be over-
represented in our results. However, this study was the 
first major national investigation to use a data surveillance 
approach for clinicians, who notified a large proportion of 
our cohort (ie, BASP and RCPsych). Additionally, the 
present study included a priori consider ations to deter-
mine the strength of the evidence for SARS-CoV-2 
infection, and data collection was informed by clear 
clinical case definitions. Moreover, in this cohort, we 
conclude that this study is unlikely to have had systematic 
over ascertainment bias for psychiatric or neuropsychiatric 
presentations. 41% of cases were reported by stroke 
physicians, and the RCPsych web portal was launched 
18 days later than the other neurological, stroke, and 
intensive care unit or more general portals, yet we 
observed a large number of psychiatric or neuro-
psychiatric notifications. Indeed, as many patients with 
COVID-19 are managed in intensive care units with 
sedative and paralytic medications, which can both mask 
and contribute to iatrogenic complications, our cohort 
might under represent the rate of neurological or 
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comprising nine (23%) patients with unspecified enceph-
alopathy and seven (18%) patients with both clinical 
symptoms or signs of encephalopathy and evidence of 
CNS inflammation meeting the clinical case definition 
for encephalitis. All seven patients with encephalitis met 
the criteria for confirmed SARS-CoV-2 infection. The 
remaining 23 (59%) patients with altered mental status 
fulfilled the clinical case definitions for psychiatric 
diagnoses as classified by the notifying psychiatrist or 
neuropsychiatrist. Only two (9%) of 23 patients had 
exacerbations of existing enduring mental illness. 
Ten (43%) of 23 patients with neuropsychiatric disorders 
had new-onset psychosis, six (26%) had a neurocogni-
tive (dementia-like) syndrome, and seven (30%) had an 
other psychiatric disorder, including one case of catatonia 
and one case of mania.

Age data were available for 74 (96%) of 77 patients with 
cerebrovascular events and 37 (95%) of 39 patients with 
altered mental status. 18 (49%) of 37 patients with altered 
mental status were younger than 60 years and 19 (51%) were 
older than 60 years, whereas 13 (18%) of 74 patients with 
cerebrovascular events were younger than 60 years versus 
61 (82%) patients older than 60 years (figure 4).

Discussion
To our knowledge, this is the first systematic, nationwide 
UK surveillance study of the breadth of acute compli-
cations of COVID-19 in the nervous system, undertaken 
through rapid mobilisation of UK professional bodies 
representing neurology, stroke or acute medicine, 
psychi atry, and intensive care. Cases notified by the 
professional membership of these bodies were obtained 
from across the UK, and an exponential rise in cases of 
neurological and psychiatric complications of COVID-19 
occurred during the exponential rise in overall COVID-19 
cases reported by UK Government public health bodies.

Future studies on neurological complications of 
COVID-19, particularly those assessing genetic and 
associated risk factors, would benefit from obtaining 

notification of all cases of infection admitted to every 
hospital as a denominator, or a cohort of COVID-19 
patients without neurological or psychiatric compli-
cations as a control group. However, given the time 
pressure on busy clinical teams during the pandemic, we 
focused our notification structure on patients with 
neurological or psychiatric complications of infection. 
Cases were reported from physicians who spanned 
various specialties, and almost all cases met the case 
definition of confirmed SARS-CoV-2 infection.

Cerebrovascular events in patients with COVID-19, 
which have been well described elsewhere,1,9 were also 
identified as a major group within our cohort. However, 
we identified a large proportion of cases of acute alteration 
in mental status, comprising neuro logical syndromic 
diagnoses such as ence phalo pathy and encephalitis 
and primary psychiatric synd romic diagnoses, such as 
psychosis. Although cerebro vascular events and altered 
mental status were identified across all age groups, our 
cohort confirms that cerebrovascular events pre dominate 
in older patients; however, these early data identify that 
acute alterations in mental status were disproportionately 
overrepresented in younger patients in our cohort. Our 
rates of neurological and psychiatric complications of 
COVID-19 cannot be extrapolated to mildly a!ected 
patients or patients with asymptomatic infection, espe-
cially those in the com munity, but give a broad national 
perspective on complications severe enough to require 
hospitalisation.

Our approach to case ascertainment has the potential 
for reporting bias and requires validation through detailed 
prospective clinicoepidemiological data collec tion. Plans 
for such studies should be developed in advance of future 
pandemics, so that they can be mobilised early during 
disease spread. A more engaged professional membership 
or those more used to sub mitting data to surveillance 
studies through this approach could potentially be over-
represented in our results. However, this study was the 
first major national investigation to use a data surveillance 
approach for clinicians, who notified a large proportion of 
our cohort (ie, BASP and RCPsych). Additionally, the 
present study included a priori consider ations to deter-
mine the strength of the evidence for SARS-CoV-2 
infection, and data collection was informed by clear 
clinical case definitions. Moreover, in this cohort, we 
conclude that this study is unlikely to have had systematic 
over ascertainment bias for psychiatric or neuropsychiatric 
presentations. 41% of cases were reported by stroke 
physicians, and the RCPsych web portal was launched 
18 days later than the other neurological, stroke, and 
intensive care unit or more general portals, yet we 
observed a large number of psychiatric or neuro-
psychiatric notifications. Indeed, as many patients with 
COVID-19 are managed in intensive care units with 
sedative and paralytic medications, which can both mask 
and contribute to iatrogenic complications, our cohort 
might under represent the rate of neurological or 
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Research Questions
What are the clinical characteristics & mechanisms of acute neurological complications of COVID-19?

Who is at risk? 

What are the medium-term sequelae? 

£2.3M
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Research Question
What are the clinical characteristics & mechanisms of acute COVID-19 neurological complications?
Who is at risk? 
What are the medium-term sequelae? 

Aims
1. Establish clinical characteristics and routine biomarkers.
2. Identify the underlying pathogenesis.
3. Determine the role of biomarkers of CNS injury.
4. Determine if similar, but milder, complications exist in community cases.*

*Already funded

Over-arching hypothesis: 
Markers of CNS inflammation, injury, and genetic risk will identify mechanisms of these acute complications 
and sequelae; providing targets for therapy.



Conclusions
• COVID-19: Broad spectrum throughout the nervous system

• Outcomes vary between disease groups and pre-COVID status
• A severe encephalopathy associated with requiring intensive care and ventilation
• Large and multi-vessel stroke

• Young people; 
• non-CNS thrombotic disease and requires further study

• Conventional, modifiable risk factors
• Potential for public health intervention

• Clinical data, biomarker, neuroimaging
• Stratified to targeted existing or novel therapeutics

• Unanswered questions
• Working together
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We are always pleased to get feedback about The Walton 
Centre and our services. Here’s an example of some of the 
things people have been saying:

“Cannot thank all the staff at Walton neuro for 
saving my mums life after suffering a aneurism just 
before Christmas last year I really think that this 
is the best neuro hospital in England and without 
them she wouldn’t be here today so thank you from 
the bottom of my heart xxx” Gail Harding

“Thank you for the care and service during my stay 
as I began the DBS process for cervical dystonia. 
Electrodes placed and back on 15 Dec to attach 
leads and brain pacemaker. So grateful for the 
opportunity to potentially ‘get my life back’.”  
Ann Pierce-Jones

Over to you...

Doctors from The Walton Centre 
have developed a project called 
NeuroACCESS, which provides 
neurology education in Zambia and 
Mozambique to empower local medics 
to be able to spot neurological diseases. 

Dr Benedict Michael, alongside Dr 
Sam Nightingale, set up the project 
in 2012. Both were PhD fellows with 
the Liverpool Brain Infections Group 
and now Ben is a Clinical Lecturer here 
at The Walton Centre. Ben said: “In 
sub-Saharan Africa there are about 0.3 
Neurologists per million people, which 
is woefully inadequate. I realised that I 
wanted to help, but I didn’t want to start 
something that wasn’t sustainable.”

“I was admitted as an emergency in May 2017 from 
Bangor hospital with a brain haemorrhage. I received the 
very best of care whilst treated on Dot ward. 

I have since returned for an outpatients appointment 
in October and again utmost time and patience whilst 
my recovery was discussed and a planned angiogram 
appointment would be the followed up. I received the 
telephone call asking me to come to the Jefferson ward 
today 17th November. I have to say that I was terrified 
about this procedure as a control freak I don’t like letting 
go! From the moment I arrived (early at 7.30am) everyone 
within the department/hospital greeted us and spoke 
asking us if we were ok.

Check-in was speedy and I was in the ward quickly. All 
the staff were kind, considerate and I was treated at 
all times with great dignity. Everything was explained 
thoroughly and when I went down for the angiogram the 
radiographer and medical staff were absolutely fantastic. 
Thank you for allaying the fears of a terrified 66 yr old.” 

13 

Neurological diseases are responsible 
for a high percentage of deaths and 
disabilities in sub-Saharan Africa. 
Despite this, doctors in many areas will 
qualify from medical school without 
getting much exposure to neurological 
education. 

Ben added: “In these hospitals often 
the CT scanner doesn’t work and, even 
when it does, a scan can cost 3-6 
months’ salary. So if general doctors can 
use a tendon hammer and a tuning fork 
to tell where in the nervous system the 
problem is, it can be crucial.”

Ben runs The Walton Centre’s 
“NeuroPACES” course, based on initial 

work by Dr Steiger, which trains UK 
doctors to pass neurological exams. 
Ben has developed this so that it 
now generates both the finances 
and the medical-tutors to teach 
NeuroACCESS. He said: “From next 
year we will also begin supporting the 
training of a dedicated Zambian-born 
Neurologist. The hope is that medics 
and Neurologists we train in Zambia 
and Mozambique will be able to spot 
neurological cases and treat them. 

“I’ve been very lucky to work with 
people interested in designing a system 
of training that works for them, so I’m 
excited for the future!”

Walton Centre doctors fly out to 
Africa to teach medics neurology
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