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Abstract

Post-acute COVID syndrome (PACS), or long COVID, is a newly defined condition emerging as a widespread post-pandemic diagnosis
with prevalent neuro-psychiatric symptoms and possible neuroinflammation-associated pathogenetic mechanisms.

We present the clinical case of a 29-year-old male patient who had mild COVID-19 infections, autoimmune illness (psoriasis), and
suffered a post-COVID aggravation of psoriasis, along with other non-specific neuropsychiatric problems. The patient underwent com-
puter-based neuropsychological testing (the CogState Battery), brain magnetic resonance imaging (MRI), and a clinical interview since
he fulfilled the criteria for a PACS diagnosis.

The acquired data showed poor results on most of the neuropsychological subtests during his follow-up visit, structural changes in
the MRI, and a possible immune dysregulation with increased levels of immunoglobulin G. These results confirm that the nonspecific
neuro-psychiatric post-COVID complaints are associated with objective findings.
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INTRODUCTION

ing complaints among 508,707 recovered patients and the
data showed that 37.7% of the participants had one or more

Post-acute COVID syndrome (PACS), or long COVID, is
a new condition emerging as a widespread post-pandem-
ic diagnosis with prevalent neuro-psychiatric symptoms
and undeniable medico-social importance. The syndrome
affects both patients with symptomatic and asymptomatic
infections, and its incidence is ranging from 10% among
non-hospitalized patients to up to 85% among those re-
quiring hospitalization.[!] For instance, the REACT-2 study
(2021) analyzed the incidence of 29 self-reported persist-

long-lasting complaints, but only a third of them had ex-
perienced a severe COVID-19 infection.?) Another study
found that 6 months after COVID-19 infection, 50% of the
patients showed cognitive impairment and their Montre-
al Cognitive Assessment (MoCA) scores were below 18
points.’) While Walle-Hansen et al. obtained similar re-
sults with 43% of their subjects showing impaired cogni-
tion on MoCA, Lamontagne et al. established that execu-
tive functions and memory were predominantly affected,
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while orientation and active attention were relatively in-
tact.** According to Woo et al., 78% of those with a mild
or moderately severe COVID-19 infection, experienced
post-acute cognitive difficulties, which confirms the high
incidence of neuro-psychiatric complaints among patients
with PACS.[¢!

CASE REPORT

We present the clinical case of a 29-year-old male patient
with long-term psoriasis who tested positive for COVID-19
twice—once in 2021 and a second time in 2022. Both times his
infection was mild, he had no need of oxygen supplementa-
tion or hospitalization. After his first COVID-19 infection, he
recovered fully and had no persisting complaints.

Prior to his second COVID-19 infection, his psoriasis was
in remission, as he had been receiving biological treatment
for 8 years without any adverse effects. Several weeks after
his 2022 COVID-19 infection, however, he had a relapse of
his psoriasis and an exacerbation of both his skin lesions
and psoriatic arthritis. Therefore, he underwent a clinical
re-evaluation and a subsequent change of therapy. Currently,
he is in remission again and is receiving another biological
treatment with the monoclonal antibody risankizumad. The
medication is prescribed for patients with moderate to severe
psoriasis and is not known to negatively affect cognitive func-
tions according to official data.

The patient reported experiencing some mood swings and
memory difficulties approximately eleven months after his
second COVID-19 infection. These complaints did not dis-
rupt his everyday life or professional performance, but none-
theless required greater efforts to achieve his pre-COVID-19
results. Seven months later, at a follow-up visit, he was still
complaining of memory difficulties and emotional lability.

A physical examination showed no neurological deficits.
Laboratory findings four months after his COVID-19 infec-
tion in 2022 showed a titer of serum anti-SARS-CoV-2 im-
munoglobulin G (IgG) antibodies 114 times higher than the
cut-off value, while other blood tests, including the complete
blood count, electrolytes, serum proteins, thyroid hormones,

Table 1. Outcome measures from CogState Battery subtests

anti-thyroid antibodies, and blood sugar, were within normal
ranges.

To assess his cognitive functions, we used a comput-
er-based test - the CogState Battery (https://www.cogstate.
com), which measures four core cognitive domains: process-
ing speed, attention, visual learning, and working memory.
We chose to use the CogState Battery because the test is com-
pletely computerized, therefore the administration and scor-
ing are automated and standardized. This reduces the risk
of potential administration and interpretation errors, thus
providing objectivity to the received data. The stimuli, rules
and responses are simple, they have been well-validated and
can detect subtle cognitive impairments, making the battery
more sensitive than the commonly used MoCA and MMSE
(Mini Mental State examination).

The test was performed on a laptop twice — once during
the initial interview and a second time at a follow-up visit, 7
months later. Surprisingly, the patient showed poorer results
and made more errors during the second testing on all sub-
tests except for One-card learning (OCL) (Table 1).

In addition, we performed a magnetic resonance imaging
(MRI) scan of the patient’s brain in March 2023, approxi-
mately 13 months after his positive SARS CoV-2 test. The
MRI scan showed an enlarged hippocampal perivascular
space in the left hemisphere with a size of 7 mm. No other
abnormalities were present (Figs 1, 2).

DISCUSSION

The present case study provokes interest in the context of
the long COVID-19’ rising incidence and its possible in-
flammatory-associated pathogenesis. Many studies discuss
the central role of immune dysregulation and the associ-
ated chronic inflammatory state that disrupts the perme-
ability of the blood-brain barrier and leads to prolonged
microglial activation, induction of pro-apoptotic processes
and in situ synthesis of factors, promoting neurodegenera-
tion with subsequent disruption of neuroplasticity, synap-
tic function, and myelination.”-!

Total errors - Total errors - Correct — Correct -

btest F ti d
Subtes tnction assesse baseline follow-up baseline follow-up
Groton Maze timed chase test Speed of visual process-
. 0 1 46 54
(GMCT) ing
Groton Maze learning test (GML) Executive function 50 59 140 140
Detection test (Has the card turned .
Psychomotor function 0 1 35 36
over)
One-card learning (OCL) Working memory 44 39 39 41
Delayed visual
Continuous Paired Associate Learning claye v1s.ua memo.ry
through paired associate 67 114 42 42
(CPAL) .
learning
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Figure 1. MRI of a 29-year-old patient, T2 FLAIR sequence, axial
view. Dilated perivascular space was found near the hippocampus
on the left side (white arrow).

2182
) HEAD
MultiPlanar Reyﬁuct(on (MPR) Ob_Cor_A%ge P_Average_sp:1.0_th
.\
N\

\

5 s
86t s2ol
. ;

T: 3.0mm L: -5 1§iim* 28.3.2023 r. 13:25:2

Figure 2. MRI of the same 29-year-old patient, T2 FLAIR se-
quence, coronal view. Dilated perivascular space of 0.7 cm was
found near the hippocampus on the left side (white arrow).

Chronic neuroinflammation is associated with dysregu-
lation of ryanodine ion channels and elevated intracellular
levels of calcium, leading to the activation of calcium-de-
pendent enzymes and hyperphosphorylation of the tau
protein. The tau protein is physiologically responsible for
cell stability and acts as a protector off DNA. In patholog-
ic situations, however, the abnormal tau hyperphosphor-
ylation disrupts the cell’s nucleoskeleton and induces cell

Cognitive Functions in Post-COVID Syndrome

death. Thus, the pathohistological changes are very similar
to those in neurodegenerative tauopathies such as Alzhei-
mer’s disease, progressive supranuclear palsy, frontotempo-
ral dementia, etc., indicating a possible neurodegenerative
process affecting the CNS.[10:11]

Some authors suggest that during acute COVID-19,
there is a state of transient immunosuppression of innate
and acquired immunity, with decreased sentinel effect of
monocytes/macrophages and suppression of regulatory
T-cells, followed by sudden reactivation of the immune
system that might cause loss of self-tolerance, inappropri-
ate immune reconstitution and triggering of autoimmu-
nity and autoinflammation that might be associated with
some of the persistent symptoms of PACS. Moreover, these
events might lead to a post-COVID manifestation of an
autoimmune disease or exacerbation of preexisting one,
such as psoriasis. So, based on these theories and given the
excessively high levels of our patient’s anti-SARS-CoV-2
IgG antibodies, we can assume that there is indeed a per-
sistent inflammatory state, suggesting a possible immune
dysregulation, that could explain the exacerbation of his
autoimmune disease and his persisting neuro-psychiatric
complaints.[?!

It is important to note that patients with psoriasis, par-
ticularly those with long-term disease, may experience cog-
nitive decline while receiving systemic treatment, as pso-
riasis is associated with a pro-inflammatory state that can
lead to chronic neuroinflammation and potentially pro-
mote neurodegeneration.!!3) However, the large Rotterdam
study concluded that cognitive test results and volumetric
and microstructural measures on brain MRI did not differ
between psoriasis patients and non-psoriasis subjects.!!*!
Therefore, we can conclude that the established subclini-
cal cognitive impairments and structural MRI changes in
our patient were not associated with his long-term autoim-
mune disease. This hypothesis is supported by the fact that
he experienced no cognitive difficulties or mood swings
prior to his second COVID-19 infection.

The established hippocampal enlarged perivascular
spaces (H-EPVS) have been discussed before as a potential
marker of cognitive decline in aging patients. The possible
pathogenetic mechanisms of H-EPVS are associated with
atherosclerosis and arterial stiffening, abnormal AB-amy-
loid and tau protein aggregation, age related brain atrophy,
and disrupted blood-brain barrier, due to nonspecific in-
flammation.!' Regarding the association between H-EPVS
and cognitive impairments, Jae Eun Sim et al.l*®! conclud-
ed that the degree of H-EPVS was not associated with sex,
smoking, alcohol consumption, hypercholesterolemia,
depression, or coronary heart disease. There was however
a positive correlation between H-EPVS and age. H-EPVS
might be a secondary event, following medial temporal
atrophy, which is independently associated with cognitive
functions.['*) Based on these conclusions, we can assume
that the described 7 mm of H-EPVS in our young 29-year-
old patient were not associated with his age or cerebrovas-
cular risk factors. Therefore, we conclude that his brain
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MRI abnormalities are a consequence of another primary
cause. And based on the lack of another established diag-
nosis or risk factors we can assume that the 7 mm H-EPVS
might be a structural presentation of PACS.

Regarding the patient’s cognitive functions, we used sev-
eral subtests of CogState Battery, presented in Table 1 to
assess delayed visual memory, working memory, attention
and executive function as well as speed of visual processing
and found more errors in the performance of all subtests,
except one. The CogState Battery results show lack of im-
provement in cognitive functioning months after his recov-
ery from the acute COVID-19 infection, suggesting that
subclinical impairments might persist for a prolonged pe-
riod and left untreated might even worsen on a later stage.

CONCLUSION

The presented case study confirms the hypothesis that
even in young people the subjective cognitive complaints
of PACS might be associated with objective findings. Here
conventional MRI is sensitive enough to discover slight
changes of brain structures that can be associated with
subclinical cognitive impairments. However, assessing
cognitive functions has proven to be a rather difficult task,
requiring well-chosen, sensitive, and thorough testing of
different cognitive domains in order to uncover the under-
lying deficits, such as the slight deficit in executive, psycho-
motor functions, speed of visual processing and delayed
visual memory, detected using the CogState Battery.
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Pe3lomMme

ITocract-octpsiit curgpom COVID (PACS) mnu gmrensubiit COVID — 3T0 HOBOe COCTOsIHIE, BO3HMKAIOI[ee KaK LIMPOKO Pacipo-
CTpaHEHHDI MOCTIIAHEMIYECKMIT IMArHO3 C PACHPOCTPAaHEHHBIMM HEMPOIICUXMATPUYECKMMM CYMIITOMAMM 1 BO3MOYKHBIMM ITATOTe-
HETMYECKVMY MeXaHI3MaMM, CBA3aHHBIMM C HelfpOBOCIIa/IeHMEM.

Mpl IpeficTaB/IsAeM CTydaii 29-7eTHeTo MaliieHTa My>CKOTO Mo, Y KoToporo 6ty nérkue madexnyu COVID-19, ayronMmyHHO
3aboneBanue (mcopuas) n obocrpenne ncopuasa nociae COVID, a raxoke gpyrue Hecrenuduyeckue HeilpoICUXUuaTpuyecKie Ipo-
6mempl. TlanMeHTy IpoOBeIM MarHUTHO-PE30HAHCHYIO ToMorpaduio mMosra (MPT), KOMIBIOTEPHBII HEPOINCHXOTOIMYECKUIT TeCT
(CogState Battery) 1 KIMHMYECKOE MHTEPBDIO, IIOCKOIbKY OH COOTBETCTBOBAJI KpUTepMAM It fuarHosa PACS.

ITonyueHHbIe JaHHBIE ITOKA3a/ly IVIOXUE Pe3YIbTAThI 10 OOMBLIMHCTBY HEPOIICUXOIOINYECKIX CYyOTECTOB BO BpeMs €ro MOCTIeNy-
IOLIET0 BU3UTA, CTPYKTypHbIe n3MeHeHnA Ha MPT 1 BO3MOXKHYIO MMMYHHYIO IMCPETY/IALMIO C HOBBIIIEHHBIM YPOBHEM MMMYHO-
r1o6ymiHa G. 9Tu pesy/IbTaThl IOATBEPXKAAIOT, YTO HecendIdecKie HeilpolcuxuaTpudeckye >kanobsl mocme COVID cBsasaHbl ¢
00beKTHBHBIMY Pe3y/IbTaTaMIL.

KnroueBble cioBa

KOMIIBIOTepHOE TeCTHPOBaHMe, MIMMYHHas fucperynauus, mmmrenbusii COVID, HelipoBocIaneH e, HellpOICUXOMOTIecKoe QyHK-
LIIOHMPOBAHNE
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