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The medical conundrum of pandemics caused by res-
piratory viruses—novel or mutated—can be of inter-
est to neurointensivists and not only those captivated
by history. Rapidly compromised oxygen delivery and
the possibility of consequent bacterial infections that
may secondarily damage the brain create a potentially
urgent situation. Moreover, and for sure in the labora-
tory, neurotropism of some respiratory viruses has been
documented.

Neurocritical care as a specialty has a connection to
the poliomyelitis epidemics of the 1950s. In fact, there
has been a persistent assertion that the specialty started
with the poliomyelitis pandemics, although a more accu-
rate interpretation is that the poliomyelitis pandemics
signaled the beginning of intensive respiratory care as a
medical discipline. Hospitals were suddenly confronted
with a devastating paralysis requiring acute ventilator
support. At that time, mechanical ventilation was possi-
ble with the so-called iron lung, a tank that incorporated
electrically driven blowers resulting in inspiration with
negative pressures. During these early days of mechani-
cal ventilation, hospitals throughout the world had few
of these respirators available—an eerie familiarity to our
current SARS-COVID-19 challenge in 2020!

One solution came from Denmark, where Lassen
and Ibsen managed a growing number of admissions of
patients with respiratory failure, pharyngeal weakness,
and closed airways due to pooling secretions. Trache-
ostomy and positive-pressure ventilation made caring
for patients much easier than a tank or cuirass respira-
tor [1, 2].

*Correspondence: wijde@mayo.edu
Division of Neurocritical Care and Hospital Neurology, Mayo Clinic, 200
First Street SW, Rochester, MN 55905, USA

This article is part of the collection “Neurocritical Care Through History”.

@ Springer

Epidemics with potentially lethal respiratory viruses are
physiologically different from bellows failure in bulbar
forms of poliomyelitis because it involves oxygen trans-
port and much more. These epidemics and pandemics
were caused by HIN1, corona viruses (severe acute res-
piratory syndrome or SARS, Middle East respiratory syn-
drome or MERS) with patients admitted to intensive care
units with acute respiratory distress syndrome and mul-
tiorgan failure. In the last three centuries, 12 pandemics
have been caused by influenza A, with the most iconic
known as the 1918 “Spanish flu” pandemic. Between
1933 and 1957, the world experienced nine influenza A
(HIN1) epidemics and five influenza B epidemics. The
worst of all these later pandemics was the 1935 and 1936
influenza B epidemics, which caused at least 55,000
deaths in USA. An animal corona virus jumped species
and caused a worldwide outbreak of nearly 9000 cases of
SARS from late 2002 into the summer of 2003. Now, in
the middle of one of the worst pandemics due to a novel
respiratory virus SARS-COVID-19, we must briefly jour-
ney through the past for insights. Three main questions
can be asked, and answers may be found in the annals
of medical history. First, are some respiratory viruses
clinically neurotropic and damaging to the central and
peripheral nervous system? Despite a handful of cases, a
major neurologic syndrome or complication never mate-
rialized in influenza-like epidemics. But if so, what does
the encephalitis lethargica epidemic, long considered an
unexplained flu encephalitis (Grippe-Enzephalitis), tell us
about the neurologic manifestations in the early and late
phases? Can we expect to see long-term effects with pan-
demics? Second, could the injury to the nervous system
be a consequence of ineffective treatment (i.e., refrac-
tory hypoxemia despite all available options) or a result
of multi organ failure which may include disseminated
intravascular coagulation? Third, what was the experi-
ence with the mass use of new vaccines? Such additional
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knowledge will be useful for the neurointensivist for
when the next domino falls.

The Respiratory Virus can be Directly Neurotropic

Influenza virus has been detected occasionally by virus
isolation or nested RT-PCR in CSF of patients and in
brain autopsies [3, 4]. Viruses can directly hit the brain
or ravage the spinal cord. The A/VN/1203/04 H5N1
influenza strain preferentially targets the basal ganglia
but also affects the brainstem and midbrain, which have
the locus ceruleus and substantia nigra, structures that

degenerate in Parkinson’s disease [5]. The Japanese expe-
rience in the HIN1 global pandemic of 2009 included
descriptions of necrotic encephalopathy in children pref-
erentially affecting the thalami [6]. But one of the more
singular disorders is encephalitis lethargica, pandemic
through 1918, both in Europe and the USA, which was
first reported by Von Economo [7] (Fig. 1). The syn-
drome was seen as early as 1916, well before the Spanish
flu pandemic emerged. One thing it taught us was that
stupor could be caused through thalamomesencephalic
lesions (necrosis and perivascular lymphocytic infiltrate)

Fig. 1 Cover page on Baron Von Economo’s seminal paper
-
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and, in some patients, hypothalamic involvement. In its
acute presentation, patients experienced a gradual onset
of nondescript flu-like symptoms, malaise, low-grade
fever, pharyngitis, shivering, headache, vertigo, and vom-
iting. Respiratory symptoms occurred but were more
likely central rhythm abnormalities and not from upper
respiratory catarrh. Severity varied, but the “somnolent-
ophthalmoplegic” form or oculomotor cranial nerve
palsies alone were most common as well as involuntary
forced eye movements (oculogyric crises, Fig. 2). Post-
encephalitic parkinsonism presented with catatonia.
The proportion of patients who developed this post-
encephalitic catatonic stupor was comparatively small,
although hundreds of descriptions exist (certainly not
the millions claimed by Oliver Sacks in his book Awaken-
ings.) The manifestations occurred after an interval, even
years after the infection, and, in over 75% of the survi-
vors, in 5-10 years. The quasi-temporal relationship with
the 1918 Spanish flu epidemic suggested an association,
but without a clear etiological argument for or against,
the relationship remains questionable [8, 9]. Vilensky
who had access to patient material concluded, “although
the findings in the majority of studies refute the influ-
enza hypothesis, this etiology would provide a conveni-
ent explanation for the disappearance of encephalitis
lethargica because the influenza strains that caused the
1918 influenza epidemic left human circulation some-
time before 1933” [9]. Some still attributed the cause of
this disorder to a flu variant (Kopfgrippe), but the cause
remains a mystery. Foley, who studied the disorder in
great historical detail, stoutly denied any connection [8].

The Nervous System may be an Innocent Bystander
Already in the early 1900s, autopsies from patients who
succumbed during major influenza epidemics showed
mostly secondary effects of hypoxemia, shock, or the
consequences of secondary bacterial pneumonia lead-
ing to bacterial meningitis. Some reported “meuro-
logic and mental disturbances” and coma, leading to
the umbrella term “influenza encephalitis” [10]. Few
studies published autopsy details on brain cutting but
reported a “hemorrhagic encephalitis” (Fig. 3) [11]: The
cut surfaces of the brain in practically every instance
presented an excessive number of bleeding points. They
were most pronounced in the white matter of the hemi-
spheres, but occasionally the corpus thalamus was espe-
cially involved .."Microscopically, intense congestion
of the vessels and numerous minute hemorrhagic foci
were encountered.” (Furthermore, “the brain was gener-
ally congested, [with] hyperemia and focal hemorrhages
being very frequent... The changes were more marked
in the cerebrum, while the cerebellum, medulla, pons,
and spinal cord showed relatively slight alterations...

Fig. 12. — Crise oculogyre post—encéphalitique
(Clinique dc la Salpétriere)

Fig. 2 Patients with Encephalitis lethargica. Cranial nerve deficits (a)
and oculogyric crisis (b) (forced upward deviation of the eyes that
may persist for hours (kindly provided by Dr Olivier Walusinki)

“Suppurative meningitis, due to secondary invaders,
was present in 20 per cent”) In autopsies performed
during the 1957 Asian Flu pandemic, “convulsive sei-
zures and coma” were noted “without localizing signs
occurring after several days of mild respiratory symp-
toms” [12]. Grossly, the brain showed severe diffuse
swelling but without inflammatory cell infiltrate. The
coroners from the greater Cleveland area concluded,
“In none of the cases reported in the literature or in this
series are there any changes that satisfy the criteria for
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In this paper the results of our studies on the pathologic anatomy
and bacteriology of influenza during the epidemic of the fall of 1918
at Camp Zachary Taylor and Camp Knox, Kentucky, are prescnted.

Necropsies, with routine bacteriologic cultures, were performed
throughout the entire epidemic, so that a fairly definite picture of its
various stages could be formed. The present investigation has been
limited to 126 definitely proven fatal cases of influenza. These were
selected from a considerably larger number by ruling out all patients
who clinically gave evidence of preexisting disease, such as tubercu-
losis, measles, etc., or where such evidence was found at the necropsies.
Thus the morbid changes encountered may be looked on as primarily
representing the end-results of the virus of influenza and its com-
mensals. ¥

Fig. 37.— (Cerebrum.) Focal hemorrhages and congestion. Note area of
hemorrhage in upper right part of photograph.

©2020 Mayo Foundation for Medical Education and Research.

Fig. 3 Autopsy series in Influenza pandemic. Microhemorrhages in the brain were commonly detected

a diagnosis of encephalitis” The manner in which the
nervous system was involved remained unknown.

Acceptable documentation in a handful of cases
of the largest SARS experience in Taiwan showed
ischemic strokes associated with marked hypoten-
sion and hypercoagulability—another indication there
might be secondary injury. Steroid rhabdomyolysis and
neuromuscular junction blocker-associated critical ill-
ness polyneuropathy were also noted [13]. With these
cases, caution was exercised in attributing the virus to
a direct attack on the peripheral nerves because other,
more plausible reasons existed [14].

New Vaccines to Manage Pandemics may be
Harmful

Long forgotten but deserving of mention is a major polio
vaccine disaster that occurred in the wake of Salk’s dis-
covery. Right after the Pittsburgh Press proclaimed on
April 12, 1955, “Polio is Conquered” and the uniform
“canonization of Jonas Salk” [15], patients contracted
poliomyelitis soon after receiving a vaccine from Cutter
Laboratories of Berkeley, California. Instead of an inacti-
vated virus, the vaccine contained live polio virus. Failure
to ensure the inactivation process (also summarized as
“multiple synergistic failures”) led to a resurgence of cases
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[16]. While paralysis was often limited to the limb receiv-
ing the injection, it still caused deaths. Over 200 cases of
paralytic illness occurred before it was withdrawn from
the market. Although the company was not found liable,
the episode led to federal regulation of vaccines.

The Swine Flu (Influenza A) mass vaccination in 1976
(in which President Ford proclaimed that “every man,
woman and child “had to be vaccinated to protect us
from the upcoming “killer flu”) led to an outbreak of
Guillain-Barré syndrome (GBS). Over a thousand cases
were certified with the CDC, but later review of some
states’ records found considerable numbers of misdiag-
noses. Nonetheless, the association remained, and the
excess cases of GBS during the first 6 weeks were attrib-
uted to the vaccine (8.6 per million vaccines in Michigan
and 9.7 per million vaccines in Minnesota) [17].

Conclusion

Neurointensivists are forewarned and may be the first
ones encountering patients seriously affected by pandem-
ics causes by respiratory viruses. Editors of journals may
be forewarned too [18]. With any new pandemic, new
neurologic observations appear rapidly, and there is a
rush to publish, but cases clouded by ambivalent evidence
may not show the necessary reservation in claiming cau-
sality [19, 20]. Some associations are entirely expected
[21]. With the recent SARS-COVID-19, we can expect
reports of a number of associated neurologic illnesses,
some that have been seen previously—but more inciden-
tally—in unusual respiratory viral outbreaks with unusual
viruses and not necessarily pandemics. Undoubtedly, res-
piratory viruses damage the central and peripheral nerv-
ous system, but other (patient or iatrogenic) factors may
play a role. New inactivated live vaccines are not innocu-
ous and may cause serious side effects if poorly manufac-
tured or inadequately tested.

The direct effects of respiratory viruses have been
largely unexplained, are nonspecific, and perhaps were
limited to the sickest patient. The brain swelling without
evidence of anoxic injury in many patients in the Asian
flu epidemic has not been explained. (Reye’s syndrome
comes to mind, particularly in an era when Bayer’s aspi-
rin was manufactured worldwide.) Whether the endothe-
lial damage in many organ systems may affect the brain
vasculature or if it is a coagulopathy which causes strokes
in SARS-COVID-19 remains to be seen [22]. With our
current pandemic, we may see later neurologic manifes-
tations if encephalitis lethargica is a model.

However, all of this goes to show that the circumstances
are different with any new contagion and outcomes are
not a given. The historical medical record is full of unsub-
stantiated analogies, and after our current contagion, we

will find out whether the virus is neurologically unexcep-
tional, unique, and targeted, or if it produces secondary
manifestations—the unsatisfactorily termed “multifacto-
rial encephalopathies”—only to disappear with recovery
or leave long-lasting cognitive impairment from coagula-
tion-induced strokes or anoxic—ischemic damage. Mod-
ern critical care of ventilated patients may come with a
potent anesthetics, corticosteroids, opioids, and neu-
romuscular junction blockers which can lead to severe
neuromyopathies.

Adjustment of associations (and often a full order of
magnitude) is needed in medicine when new data appear.
The past should warn us that we may merge too many
connections in a convenient causative chain with diagno-
ses that are incorrect, overestimated, or underestimated.
Time (and scientific scrutiny) will tell if neurointensiv-
ists can be useful “on the frontlines” [23] or will be left
waiting for what is to come, without knowing what “it”
is, or even finding out that “it” never occurred. If any, this
new pandemic will teach us something and perhaps more
than something.
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