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Commentary

Need to Brace Ourselves for Major Mental Health Is-
sues Post COVID-19 Pandemic

produce meningitis associated with significant mor-
bidity and mortality, presenting symptoms including 
headache, nausea, nuchal rigidity, confusion, lethargy, 
and apathy to be confirmed by the examination of CSF. 
Bacterial meningitis may also result in brain abscess, 
with seizures and various psychiatric symptoms pre-
vailing depending on the size and location of the ab-
scess. Successful treatment with empirical antibiotics 
and primary excision of the abscess may still result in 
persistent psychiatric symptoms. In cases of viral en-
cephalitis, psychiatric symptoms are very common in 
the acute phase and recovery, especially mood disor-
ders. Major disability can result, including symptoms 
of depression, amnestic disorders, hypomania, irritabil-
ity, and disinhibition (sexual, aggressive, and rageful) 
even months after recovery. Psychosis may also rarely 
result. Standard treatments with antidepressants, stim-
ulants, mood stabilizers, neuroleptics, and electrocon-
vulsive therapy should be applied [1].

Individuals may suffer potentially permanent cog-
nitive deficits secondary to illness or its treatments 
that will require cognitive rehabilitation. In cases of 
delirium, if the resultant encephalopathy is severe or 
persistent, pharmacologic interventions with antipsy-
chotics (such as haloperidol 0.5–20 mg/ day) and mood 
stabilizers (such as valproic acid up to 60 mg/kg/ day) 
should be considered. Also, psychosocial interventions 
will need to be implemented to maintain safety and 
care for someone who may no longer be able to care for 
themselves. 

 In the wake of an infectious disease outbreak, the 
loss of functioning imparted by illness may leave sur-
vivors feeling demoralized, helpless, and in a state of 
mourning over the loss of the person, they used to be. 
If the patient experiences marked distress or significant 
impairment in social or occupational functioning, they 
may meet DSM-V criteria for adjustment disorder. Ther-
apeutic interventions in those instances should focus 
on helping individuals regain a sense of autonomy and 
mastery through rehabilitation. It is helpful to focus on 
gaining immediate control over some specific aspects of 
their lives, as well as helping the persons identify and 
link with agencies and supports in the community [2]. 
Psychotherapy, both individual and group therapy, if 
available, can help survivors come to terms with the 
loss of functioning.

 If the patient is left with significant depressive 

We are battling a pandemic of unprecedented pro-
portions. Healthcare professionals are working 

round the clock to curtail this global menace. It is very 
likely that we would soon be able to slow down the 
alarming rate at which the illness is spreading and from 
the reports in the medical journals that I have been pe-
rusing, we would be able to procure a vaccine in due 
course. The price that the entire humankind has had to 
pay is huge by any reckoning and everyone is looking 
forward to the day when we would not approach the 
newspapers with the degree of trepidation that we are 
doing so today. 

But I worry that we are more or less completely un-
prepared for the psychiatric sequalae of this COVID 19 
which we would have to confront very soon. As a mem-
ber of several international medical relief missions, I 
have myself noticed the major mental health issues that 
emerge in nearly every major epidemic - and it is a fair 
bet that this episode would not be any different.

Providing psychiatric care to survivors and health-
care workers in the aftermath of a pandemic outbreak 
is a complicated, but crucial, imperative in the service 
of reducing the burden of human suffering. Challenges 
will abound on multiple levels, but there is no substi-
tute for preparedness. Knowledge of assessment, differ-
ential diagnosis, medical complications, and treatment 
will aid the psychiatric care provider in developing a 
treatment approach for these patients who are most 
vulnerable during their greatest time of need. One must 
first consider the psychiatric sequelae of surviving the 
illness, its complications, and the complications of its 
treatments. In the acute phase of illness, even small foci 
of infection can produce psychiatric symptoms ranging 
from mood changes and irritability to cognitive dys-
function to psychosis. Neuropsychiatric manifestations 
may even present as the first signs of infection in an oth-
erwise well-appearing patient. Hematogenous spread 
of bacteria or virus to the central nervous system can 
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Our perceptive apparatus conveys the impres-
sion that we see the world around us as a cogent 
whole, in reality we see a series of ‘snapshots’ 

from which we make a construct in our central nervous 
system. How do subjects pick the next object to exam-
ine? Through our peripheral retina, we are able to per-
ceive the objects in the visual field and make a selection 
of the ones that may interest us. This shift of attention 
from one item to the next accompanies each saccade. It 
is not random: we can understand this when we look at 
painting where when we focus on the trees at the top 
of that painting, the grass at the bottom gets ignored. In 
sharp contrast, faces, dresses, and other significant ob-
jects are frequently inspected.  

Alfred Yarbus,[1] a Russian genius and a neuropsy-
chologist was the first to note the connection between 
eye movements and objects of potential interest to the 
observer. He suggested that the “location of saccades 
could accurately indicate attentional shifts. He conclud-
ed that the location of saccades was a good indicator of 
the subject’s attentional shifts. Whether a particular ob-
ject attracts attention or not is determined by a combina-
tion of that attributes associated with the object (its co-
lour, motion, shape, brightness) and the subject’s goals 
at a given moment. Attention is a very important factor 
in active vision — some might say the most crucial  fac-
tor — because it determines where we look. The neuro-
nal activities in the brain related to shifts in attention and 
the generation of saccades are closely linked”.[1]

As Yarbus[1] states: “Active vision comprises sever-
al functions, but of course, it is only a small part of the 
larger brain systems involved with sensation and mo-
tor control. In turn, the puzzle of how these systems op-
erate to produce action is just one of many global ques-
tions about how the brain produces all behaviour, in-
cluding learning, memory, and emotion; and even how 
consciousness arises from brain activity. Considering 
active vision alone, however, exemplifies the classic ap-
proach of reducing the overwhelming complexities of 
the brain to more easily understood fragments. Galileo 

had to study the solar system before we could study the 
universe”.[1]

Neuronal Understanding of Human Vision  
The preliminary step is to move from describing the 

benefits of saccades to accurately specifying the prob-
lems that these saccades can produce for human vision. 
Subsequently we can consider corollary discharge, a 
brain mechanism which eliminates the problems creat-
ed by the saccades. Then we can review our basic knowl-
edge of the brain pathways that process visual stimuli 
and produce saccadic eye movements in order to locate 
the source of a corollary discharge. Lastly, we consider 
how the corollary discharge circuits we find act to mini-
mize the disruptions saccades can generate.

A saccade can produce two major problems for 
vision: blurring and displacement of the images.[2] 

Blurring occurs when the image of the scene is swept 
rapidly across the retina during each saccade while im-
age displacement is closely related to blurring: The sac-
cade moves the fovea centralis from one part of the vi-
sual scene to another leading to the image on the reti-
na being displaced (analogy: a movie camera moving in 
rapid jerks from one spot to another). Curiously though 
these problems can be extremely troublesome, they are 
rarely encountered in clinical practise. A sizeable num-
ber of patients are aware of the blur that occurs during 
saccades, but hardly anyone is aware of the displace-
ment of images on the retina. If these displacements 
were more visible, almost everyone would be seasick 
most of the time. These problems are because they arise 
at the fundamental source of all visual knowledge viz. 
the retina. And the manner in which this problem is re-
solved is one of the most sophisticated feats of informa-
tion procession by the human nervous system.

Practitioners of natural sciences have speculated for 
centuries about why we experience visual stability rath-
er than seasickness with rapid eye movements. Most 
neurophilosophers believe that there must be a mecha-
nism in the brain that warns the sensory systems that a 
movement is about to occur. With this facility, the sen-
sory systems would be appositely advised of the im-
pending disruption and could compensate for its logical 
consequences. Hermann von Helmholtz, one of the pre-
mier visual scientists of the nineteenth century, called 
this an “effort of will,” while others who subsequently 
studied the problem in the twentieth century referred to 
it as an “efference copy” or “corollary discharge”.
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The fundamental principle is that the same senso-
rimotor processing area that steers the movement—in 
this case the saccadic—which also produces a copy or 
corollary of this drive.[3] These signals are identical, but 
one leads to the movement command, while the other 
is directed toward other brain areas to advise them that 
the eye is getting ready to move. Recipient brain areas 
include those devoted to processing visual information, 
since they would receive the visual consequences of the 
saccade. As far as the saccadic eye movements go, the 
movement command that produces the saccade and the 
corollary discharge circuits almost certainly originate in 
the superior colliculus (a subcortical area deep within 
the brain). The corollary discharge is then directed to 
the cerebral cortex, which covers the surface of the brain 
and is the site of the highest levels of information pro-
cessing underlying much of our behaviour. The concept 
of a corollary discharge is centuries old, but it is only in 
the last decade that we have begun to identify its neu-
ronal implementation in brains similar to our own pri-
marily through animal studies.

When we consider the neuronal circuits that under-
lie the corollary discharge in the human brain, the gen-
eral belief is that such circuits can be identified using 
brain imaging, particularly functional magnetic reso-
nance imaging (FMRI). However, because FMRI signals 
are derived from changes in blood flow that are aver-
aged over several seconds, FMRIs are not adequate for 
investigating active vision. Over that period, the eye 
will have moved several times, changing the image on 
the retina with each movement and precluding FMRI 
records from capturing the rapid developments of ac-
tive vision. The query though remains that if imaging 
does not help, how do we begin to understand the brain 
activity underlying our active vision?[4]

The solution is to study the organization of neurons 
in animals whose vision and eye movements are similar 
to ours. For active vision, the animal of choice for exper-
imental purposes is the Old World monkey (the Rhesus 
monkey). These monkeys’ visual discriminations and 
their range of eye movements are in most cases virtu-
ally identical to those of human beings. The relevant 
anatomical connections in human and monkey brains 
are also remarkably analogous. Painless recording tech-
niques from brain neurons in monkeys while they per-
form a series of visual tasks have revealed changes in the 
brain during active vision. As of now, it is fair to say that 
most of what we know of the structure and function of 
the human brain for active vision is derived from study-
ing the brains of Old World monkeys. Experiments in 
dozens of laboratories around the world have built up 
an outline of the brain systems that underlie the anal-
ysis of visual input, the transition between visual and 
motor systems, and the motor output–all key phases of 

brain activity supporting active vision.[5]

It has been successfully established that the neurons 
in the pathway in the monkey brain have activity iden-
tical to that in the human brain. The salient question is 
where do the pathways underlying active vision might 
a corollary discharge arise? The superior colliculus is 
such a site: it has the origin of commands to move the 
eye and a source of projections back to the cortex. Each 
of the senses and each internal signal have dedicated 
nuclei in the thalamus; thus, it is a basic feature of pri-
mate brain organization. To use an air travel analogy, 
every passenger flying to the cortex must change planes 
at the thalamus.[5]

Now that we have identified two corollary discharge 
pathways to the cortex, we can now investigate how 
they contribute to solving the two problems that sac-
cades create for vision i.e. blurring and image displace-
ment. The first problem is the blur resulting from each 
saccade. The simple answer is to: suppress visual activ-
ity during the saccade and blur is automatically sup-
pressed as well. A century ago, we used to think that 
such suppression was produced by a “central anaes-
thesia” in which activity during the saccade was sim-
ply blanked out. When it became possible in the 1960s 
to record directly from monkeys’ brains, it immediate-
ly became clear that neurons in the brain continue to re-
spond to visual input quite well during saccades. We 
have determined some suppression of neuronal activi-
ty during saccades.[6]

Blur vision can also result from a phenomenon 
called visual masking: when a dim object is preceded or 
followed by a bright object, the dim object is not seen. 
Similar masking effects are often seen working on neu-
rons within the primary visual area. This occurs only 
in a well-lit environment, though it is highly effective. 
Masking of dim objects can occur any time bright ob-
jects are also present even when we do not observe any 
eye movements.[6]

Corollary discharge also contributes to the suppres-
sion of neuronal activity in neurons. For instance, the 
neuron responds to a stimulus moving in front of the 
stationary eyes (left) but not when the moving eyes 
pass over a stationary stimulus (right). The response 
is merely suppressed during the attention movement 
and therefore the corollary discharge is merely present 
when the attention moves. The suppression, therefore, 
is correlated with the saccadic eye movement. This sup-
pression must be driven by a corollary discharge rath-
er than visual masking, because masking only functions 
in the light and the corollary discharge-related suppres-
sion was demonstrated in the dark.[6]

The second problem for vision which will be ame-
liorated by the action of a corollary discharge is that the 
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displacement of images on the retina with each saccade. 
But here the neuronal mechanisms are substantially 
more complicated than those used for blur suppression. 
To understand these mechanisms which will affect im-
age displacement, we must briefly consider how visual 
information is organized within the brain. Visual pro-
cessing starts when the image of a visible scene falls on 
the retina and forms a retinotopic map; that’s a layout 
of the visual scene is mapped on the retina just as it ex-
ists in reality.[7]

An explanation of perceived visual stability is that 
the retinotopic map is simply updated after each sac-
cade. This hypothesis relies on experimental observa-
tions of single neurons in the parietal and later the fron-
tal cortex. As the monkey fixated on an object, a light-
weight was flashed within the receptive field. This pro-
duced a visual response. Very unexpectedly, this also 
activated the neuron.

Current Status of Biomedical Research
Goldberg and Wurtz[8] point out: “Active vision is 

one of the first examples of a system in our brain that is 
neither sensory nor motor as we previously imagined ; 
rather, its whole function depends on the synchrony be-
tween visual input, movement output, and systems in-
ternal to the brain, such as those for corollary discharge. 
This organization allows primates to use the high-res-
olution fovea to look at anything anywhere within the 
field of vision. The price paid is that eye movements 
generate major problems for the sensory system two to 
3 times per second. While these problems originate at 
the very first stages of the sensory system, the solutions 
do not: they’re spread throughout the sensory system 
across wide regions of the brain, including the very best 
levels of visual processing within the parietal and fron-
tal area”.[8]

Moore et al [9] in their widely quoted paper state: 
“Active vision creates two significant problems – blur-
ring and displacement of retinal images – and there are 
two identified brain circuits that might contribute to the 
solutions. Both circuits rely on a corollary discharge de-
rived from the brain areas where commands to move the 
eyes originate. One circuit extends from the center to the 
visual area and should provide an input to the cortex 
that suppresses blur during saccades. The second circuit 
connects the center and therefore the frontal area and 
should provide the anticipatory activity that warns the 
frontal area that an interruption of visual input is about 
to occur as a result of the subject’s own eye movements”.
[9]

Golberg and Wurtz[8] summarise the current state 
of neuro-ophthlamology as : “ the process used to ex-
plore the neuronal basis of active vision is an excellent 

illustration of how neuroscientists go about identify-
ing the neuronal mechanisms that underlie behaviour. 
As we’ve seen, the study begins with the quantification 
of behaviour that’s straightforward for active vision, be-
cause methods for measuring eye movements and psy-
chophysical measurements of visual perception are both 
readily available. The second step is to determine a cor-
relation between the measured behaviour and neuronal 
activity within the brain. Analysis of active vision, for 
instance, depends on the extensive correlations estab-
lished between behaviour and neuronal activity under-
taken over the last century, first on the sensory system 
then , when recording eye movements became possible, 
on the visual-motor system”.[8]

Moore et al [9] have very astutely inferred: “The final 
step, and frequently the most elusive one, is to devel-
op a precise model that represents the elements of the 
System and that predicts its functions: both those known 
and people so far unrecognized. We currently have on-
ly a glimpse of the neuronal basis of active vision with-
in the brain. However, even with the limited methods 
we’ve now, an understanding of the system’s organiza-
tion seems reachable. The hope is that active vision be-
comes an example of how a complex problem is solved 
by the brain in simple and clever – but not necessarily in-
tuitive ways”.[9]

References
1.  Yarbus A L. Eye Movements and Vision. New York: Plenum 

Press; 1967. p. 34-43.
2.  Wurtz RH. Neuronal mechanisms of visual stability. Vision Res. 

2008 Sep;48(20):2070-89.
3.  Sperry RW. Neural basis of the spontaneous optokinetic re-

sponse produced by visual inversion. J Comp Physiol Psychol. 
1950 Dec;43(6):482-9.

4. Kandel ER, Schwartz JH, Jessell TM, Siegelbaum SA, Hudspeth 
AJ. Principles of Neural Science. 5th ed. New York: McGraw-
Hill; 2012.

5. Volkmann FC. Human Visual Suppression. Vision Res. 
1986;26(9): 1401–16.

6.  Deubel H, Schneider WX, Bridgeman B. Transsaccadic memo-
ry of position and form. Prog Brain Res. 2002;140:165-80.

7.  Crapse TB, Sommer MA. Corollary discharge across the ani-
mal kingdom. Nat Rev Neurosci. 2008 Aug;9(8):587-600.

8.  Goldberg ME, Wurtz RH. Activity of superior colliculus in be-
having monkey. II. Effect of attention on neuronal responses. J 
Neurophysiol. 1972 Jul;35(4):560-74.

9.  Moore T, Armstrong KM, Fallah M. Visuomotor origins of co-
vert spatial attention. Neuron. 2003 Nov 13;40(4):671-83.

       +


