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Abstract

Background Cognitive and emotional disorders frequently persist after recovery from the acute symptoms of COVID-19;
possible explanations include pneumonia-induced hypoxia, infection of the central nervous system, and microstrokes. The
objective of the present study was to characterize the impact of hypoxia on the cognitive and psychological profile follow-
ing COVID-19.

Methods Sixty-two patients with COVID-19 were enrolled in a cross-sectional study and divided into two groups based on
disease severity: outpatients with no pulmonary complications vs. inpatients with hypoxemic pneumonia having received
oxygen therapy. All the participants underwent a comprehensive neuropsychological evaluation that included depression,
anxiety, fatigue, sleepiness, attentional, memory and executive processes, and social cognition. For the inpatients, we also
collected laboratory data (blood gas, blood glucose, fibrin, fibrinogen, D-dimer, and C-reactive protein).

Results Cognitive disorders was found in patients with COVID-19: at least 18% had an impairment of memory and 11%
had attentional dysfunctions. A high level of fatigue (90% of the patients), anxiety (52%), and depression (50%) was also
observed. The impairments in attentional (p <0.001 for omission and commission in CPT 3) and memory (p <0.003 for Index
Cue Efficiency from free and cue selected reminding test) functions were greater in COVID-19 inpatients that in COVID-19
outpatients. In contrast, levels of fatigue, depression, and anxiety were similarly high in both groups.

Conclusions These findings might help to improve the management of COVID-19 patients as a function of the disease sever-
ity in particular for patients with hypoxia.
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0,—- COVID-19 patients not having received
oxygen therapy

0,+ COVID-19 patients having received oxy-
gen therapy

Background

Coronavirus disease 2019 [COVID-19, induced by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)]
is characterized by a number of now well-identified signs
and symptoms in its acute phase: fever, cough, shortness of
breath, and (in some cases) acute respiratory distress. Along
with pneumonia, neurological manifestations are typically
observed in more than 70% of hospitalized patients; these
mainly including headache, myalgia, and an altered state
of consciousness [1, 2]. Other studies have also shown that
COVID-19 accentuates the signs and symptoms of neurode-
generative diseases like Alzheimer's disease and Parkinson's
disease [3]. Moreover, additional symptoms described long
after disease onset (such as anosmia, ageusia, cognitive dis-
orders, fatigue, sleep disorders, pain, and paraesthesia) may
reflect neurological damage caused by the virus [4, 5] and
have prompted the concept of long COVID-19. A PET-based
study highlighted abnormally low baseline metabolism in
the olfactory gyrus and the frontal, limbic, and paralimbic
regions in patients with severe COVID-19 3 weeks after
theSARS-CoV-2 infection [6].

The presence of cognitive disorders long after infection
has also been described. It is well known that cognitive
impairment is frequent in patients admitted to the ICU for
various indications [7-9]. A number of infectious diseases
(such as AIDS or lethargic encephalitis) can also induce
cognitive impairment. However, cognitive impairment has
notably been observed in patients with mild-to-moderate
COVID-19 and appears to persist long after the onset of
COVID-19 [10].

A recent review evidenced cognitive impairments in
attentional, executive, and memory functions shortly after
COVID-19 [11]. More precisely, Zhou et al. [12] found
impairments in attentional functions in patients who had
recovered from COVID-19 (i.e., with negative PCR tests).
However, the researchers did not report on the severity of
these impairments. Jaywant et al. [13] showed that 81% of
patients with a severe form of COVID-19 (77% had been
intubated for a mean duration of 13 days) had a cognitive
impairment, although the latter might have resulted from the
care received in the intensive care unit (ICU) [14, 15]. Woo
et al. [10] found long-term impairments of attentional and
memory functions in young patients with mild-to-moderate
COVID-19. Almaria et al. [16] did not observe marked
cognitive impairments in 35 patients (with mild-to-severe
COVID-19) soon after hospital discharge. However, patients

who had received oxygen therapy had more severe impair-
ments in attentional, memory, and executive functions.
These results suggest that lung-disease-induced hypoxia is
linked to the severity of the cognitive impairment observed
in some COVID-19 patients.

The known relationship between SARS-CoV-2 infection
and changes in the brain suggests that the virus has a long-
term impact on brain structures and functions [17]. This
damage might be caused indirectly through various patho-
physiological mechanisms (such as neuroinflammation and
microstrokes) or directly through hypoxia [18, 19]. It has
also been suggesting that SARS-CoV-2 can infect cells in
the brain. However, it is well known that hypoxia can dam-
age the brain, which possibly induces cognitive disorders
[20, 21]. Here, we studied the cognitive and emotional pro-
files of COVID-19 patients 3—9 months after SARS-CoV-2
infection. We compared COVID-19 inpatients with a his-
tory of hypoxemia (attested to by admission to an ICU) with
pneumonia-free COVID-19 outpatients. Our starting hypoth-
esis was that patients having required oxygen therapy would
have greater cognitive impairments in general and greater
memory and attentional impairments in particular.

Method
Study design

Patients with suspected COVID-19 were prospectively
enrolled between September 2020 and December 2021 after
referral by an infectious disease physician at Lille Univer-
sity Hospital’s outpatient clinic for infectious diseases (Lille,
France). Sixty-two patients (age range: 27-64; 37 females)
were recruited 3—9 months after symptom onset. The main
inclusion criteria were (i) age 18—65, (ii) a diagnosis of
COVID-19 confirmed by a positive PCR test and/or a posi-
tive serology test, and (iii) subjective cognitive complaints
that exerted a significant impact on activities of daily liv-
ing. The main exclusion criteria were (i) severe pneumonia
following COVID-19 (i.e., with intubation and sedation),
(i1) the presence of asthma, unstable coronary heart dis-
ease, uncontrolled diabetes or hypertension, encephalitis,
or epilepsy; (iii) a history of head injury or a brain tumor;
(iv) the presence of a major psychiatric condition before
the infection by SARS-CoV-2 (based on the patient’s medi-
cal records); (v) dementia (according to the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition), (vi)
insufficient understanding of the French language, and (vii)
illiteracy.

All patients were offered a follow-up consultation with
the infectious disease physician 3-9 months after the acute
signs and symptoms of COVID-19 had resolved. The consul-
tation lasted around 90 min, and included a comprehensive
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neuropsychological and psychiatric assessment. Clinical
data on the sign and symptoms of COVID-19 and blood test
results were also collected. Data on demographics, psychiat-
ric and cardiovascular comorbidities, symptoms at COVID-
19 onset, and treatments received were compiled on the basis
of the medical records and the patient interview. We divided
the COVID-19 patients into two groups: patients hospital-
ized for pneumonia and having received oxygen therapy
(henceforth the “O, +” group), and pneumonia-free outpa-
tient COVID-19 patients not having received oxygen therapy
(henceforth the “O, —" group). The study was approved by
the independent ethics committee. Furthermore, the study
also complied with good clinical practice guidelines, the
Declaration of Helsinki, and local legislation.

Neuropsychologic tests

An extensive battery of neuropsychological tests (broadly
classified into four cognitive domains: executive function,
attention, memory, and emotion) was administered to the
patients. The memory assessment included a free and cued
selective reminding test (FCSRT, French version) [22], with
an evaluation of free recall (FR, the cumulative sum of free
recall from the three first trials; range: 0-48), total recall
(TR; the cumulative sum of free recall + cued recall from
the three trials; range: 0—48), index cue efficiency (ICE, total
recall-free recall/48-free recall, range: 0—100), delayed free
recall (DFR, range: 0—16), and delayed total recall (DTR,
range: 0—16). The Wechsler digit span task was used to
examine verbal short term and working memory [23]. Pro-
cessing speed and attention were evaluated using the digit
symbol coding subtest of WAIS 4 (DSCT) [23] and the
Continuous Performance Test (third edition, CPT3) [24].
Several scores were computed from the CPT 3: detectability
(DPR), omission (OMI, in%), commission (COM, in %),
perseveration (PRS, in %), hit reaction time (HRT, in ms,),
variability (VAR, in ms), hit reaction time block change
(BLKCH, in ms), and hit reaction time interstimulus inter-
val change (ISICH, in ms). The categorical and literal flu-
ency test (Cardebat et al., 1990) and the Trail-Making Test
(TMT) [21] were used to assess executive functions. Social
cognition were evaluated via emotional facial recognition
with the mini social cognition and emotional assessment
(MINI-SEA) [26].

For each patient, we used published norms (corrected
for age, sex, and education level) to calculate test-specific T
scores [27-29]. For most of the tests, a pathological T-score
was defined as a value of 35 or less, which corresponds to 1.5
standard deviations). For CPT 3 (with the exception of the
HRT), we followed the guidelines defined by the test’s devel-
opers [24]; a pathological T-score was defined as a value of 60
or more. For the HRT, a pathological T-score was defined as a
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value of 40 or less (atypical slowness) or 60 or more (atypical
rapidity).

Depression, anxiety, fatigue, and sleepiness
assessments

Depression was rated on the Center for Epidemiologic Studies
Depression Scale (CES-D) [30], with a pathological cut-off of
17 for men and 23 for women. Anxiety was assessed on the
Hamilton Anxiety Rating Scale (HAM-A) [31]: a score of 20
or more corresponds to moderate or severe anxiety. Fatigue
was assessed on the Chalder Fatigue Scale [32]: a score of
6 or more corresponds to significant fatigue. Sleepiness and
the impact of sleep disorders were assessed on the Epworth
Sleepiness Scale [33]: a score of 10 or more corresponds to
excessive daytime sleepiness.

Blood samples

Blood samples were collected when participants in the
O, + group were admitted to the emergency unit: we recorded
the results for blood gases while breathing ambient air (bicar-
bonate, partial pressure of oxygen, partial pressure of carbon
dioxide, and oxygen saturation), blood glucose, and serum
levels of C-reactive protein (CRP), fibrinogen, ferritin, and
D-Dimer. We also recorded collected ambient air oxygen satu-
ration upon admission to the emergency unit.

Statistical analysis

Depending on the nature of the variable, sociodemographic
data were compared by applying a parametric Student’s 7 test
for independent samples (O, — versus O, +) or a X2 test.

Depending of the nature of the outcome, generalized linear
models (GLMs) were fitted according to a Gaussian, Poisson,
or gamma distribution. Interaction terms were not included,
to determine the overall effect of the clinical COVID-19 out-
comes (pneumonia with oxygen therapy, or no pneumonia) on
cognition and behavioral variables while controlling for covar-
iates [including age, the level of depression (using CES-D
scores)] and the level of anxiety (using HAM-A scores). Vari-
ables with missing data were omitted, and the remaining data
were analyzed. Statistical analyses were performed using R
[34] and R Studio software [35] (http://www.rstudio.com/, ver-
sion 1.1.463). The threshold for statistical significance was set
to p<0.05.


http://www.rstudio.com/
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Results
Demographic and clinical characteristics

The groups differed significantly in age (r=3.30,
p=0.001) (Table 1). Overall, 50% of patients reported
dysgeusia, 55% reported anosmia, 45% reported head-
ache, 16% were taking psychotropic medication at the
time of the neuropsychological assessment (4 on antide-
pressants, 2 on benzodiazepine, and 2 on hypnotics), and
25% were taking medication for hypertension, dyslipidae-
mia, or heart failure.

The blood gas results evidenced hypoxia on admission
to hospital, and high CRP level evidenced inflammation.
The serum levels of ferritin, fibrinogen and D-Dimer were
also abnormally high (Table 2).

The proportion of patients with cognitive
impairment, by test

Overall, we observed pathological scores (T-score > 35)
for the FCSRT results (first FR (n=14, 23%), second
FR (n=11, 18%), third FR (n=15, 24%), and delayed
FR (n=14, 23%)), the Wechsler Digit Span Task (n=7,
11%), the TMT part B (n=1, 2%), phonemic fluency
(n=6, 6%), semantic fluency (n=6, 9%), the DSCT
(n=3, 5%) and the CPT3scores (DPR (n=17, 16%), OMI
(n=38, 13%), COM (n=21, 34%), PRS (n=38, 13%), HRT
(n=8; 13%), VAR (n=7, 11%), BLKCH (n=17, 11%),
and ISICH (n=11, 18%)). Overall, 50% of the patients
were depressed, 52%had a high level of anxiety, 90%
experienced an abnormally high level of fatigue, and 24%
had excessive daytime sleepiness (Table 3).

Table2 Laboratory and blood gas results for COVID-19 patients
having received oxygen therapy

Mean SD Min Max Number of
missing data
SpO, (%; pulse 90.52 6.88 70 97 6
oximeter)
PaO, (mm Hg) 78.10 2266 53 154 3
PaCO, (mmHg) 32.89 422 24 403 3
Pa0O,+PaCO, (mm 111.00 2296 83.6 1874 3
Hg)
Arterial blood pH 7.48 0.03 742 7543
Bicarbonates 23.93 242 202 317 3
(mmol/L)
Sa0, (%) 95.02 2.83 884 992 7
Glycemia (mg/L) 1.16 025 0.78 1968
CRP (mg/L) 74.63 71.81 8 334 4
D-Dimer (ug/L) 1518.18 1146.01 470 4400 9
Ferritin (ug/L) 1098.65 870.79 244 3355 8
Fibrinogen (g/L) 5.88 1.09 3.9 85 5

Neuropsychological and psychiatric assessments

Patients in the O, + group had lower scores for the ICE
(z=—2.23, p=0.03, with no effect of age, the HAM-A score
or the CES-D scores) than patients in the O, — group. In the
attentional assessments, the two groups differed significantly
with regard to the DPR (z=2.3, p=0.02). The commission
rate was higher in theO, + group (z=5.75, p<0.001, with sig-
nificant effects of age (z= —6.41, p<0.001) and the HAM-A
score (z=2.63, p=0.009); there was also a significant effect
of the interaction between age, the HAM-A score, and group
(z=2.35, p=0.02). The omission rate was higher in the
0O, +group (z=3.52, p<0.001), with a significant effect of
age (z=—6.41, p<0.001) and the HAM-A score (z=1.96,

Table 1 Demographic and
clinical characteristics of
patients having received oxygen

therapy (O, +) or not having
received oxygen therapy (O, —)

0,+ (n=31) 0,— (n=31) Statistic  p

Mean (SD) Mean (SD)
Age 52.19 (8.72) 43.90 (10.92) 3.30° 0.002
Sex (male/female) 16/15 10/21 2.38° 0.12
Educational level (years of full-time education)  14.35 (2.56) 14.84 (2.24) 0.79* 0.43
Time since hospital discharge 140.19 (52.15)  152.77 (63.22)  0.85% 0.40
Obesity (body mass index > 30) (n) 12 3 5.63° 0.02
Diabetes (n) 2 1 0.35° 0.55
Cardiovascular comorbidity (7) 10 7 0.73° 0.39
Psychotropic medication (7) 4 4 0.00° 1
Dysgeusia (n) 11 20 5.23° 0.02
Anosmia (n) 10 24 12.76° <0.001
Headache (n) 12 16 1.04° 0.31

“In a r-test

®In Pearson’s chi-squared test
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Table 3 Neuropsychological

and psychiatric assessments and Patient scores Ngmber (%) of patients
the number of patients with a with a pathological score
pathological score Mean (SD)
Psychiatric assessments
Chalder fatigue scale 8.13 (2.66) 56 (90%)
Epworth sleepiness scale 8.82 (4.78) 15 (24%)
CES-D 21.5(9.32) 31 (50%)
Hamilton anxiety rating scale 21.74 (10.81) 32 (52%)
Memory
FCSRT_FR_first (/16) 8.29 (1.95) 14 (23%)
FCSRT_FR_second (/16) 10.44 (2.04) 11 (18%)
FCSRT_FR_third (/16) 11.21 (2.16) 15 (24%)
FCSRT_DFR (/16) 11.55 (2.33) 14 (23%)
Wechsler Digit Span Task raw score 23.29 (4.63) 7(11%)
Attention
CPT3_DPR —2.73 (0.86) 17 (16%)
CPT3_OMI (%) 1.88 (3.33) 8 (13%)
CPT3_COM (%) 36.62 (16.64) 21 (34%)
CPT3_PRS (%) 0.15 (0.37) 8 (13%)
CPT3_HRT (ms) 424.42 (67.21) 8 (13%)
CPT3_VAR (ms) 37.60 (31.78) 7 (11%)
CPT3_BLKCH (ms) 2.71 (8.25) 7 (11%)
CPT3_ISICH (ms) 15.49 (15.87) 11 (18%)
DSCT 68.67 (13.51) 3 (5%)
Executive functions
TMT A 30.07 (9.66) 0 (0%)
TMT B 57.67 (22.48) 1 (2%)
Phonemicfluency 21.78 (8.14) 4 (6%)
Semanticfluency 29.93 (8.53) 6 (9%)
Facial emotional recognition 12.57 (1.00) 2 (3%)

The data are quoted as the mean (standard deviation) or the frequency (percentage)

CES-D Center for Epidemiologic Studies Depression Scale; FCSRT free and cue selective reminding test;
FR free recall; DFR delayed free recall; DSCT digit symbol coding test, CPT3 continuous performance
test, third edition; DPR detectability; OMI omission; COM commission; PRS perseveration, HRT hit reac-
tion time; VAR variability; BLKCH hit reaction time block change; ISICH hit reaction time interstimulus
interval change; TMT trail making test

p<0.001) but no effect of an interaction between the HAM-A
score and group (z= —1.24, p=0.22). The mean reaction time
was longer in the O- group(z= —5.91, p<0.001), with a sig-
nificant effect of age (z=8.67, p<0.001), the CES-D scores
(z=—2.23, p=0.03) and HAM-A score (z=3.18, p=0.001),
and an effect of the interaction between age, HAM-A scores,
CES-D scores, and group (z= —2.20, p=0.03). There were
no significant intergroup differences in depression, anxiety,
fatigue, or sleepiness scores (Table 4).

@ Springer

Discussion

The objective of the present study was to determine the
psychological and neuropsychological profiles of hospital-
ized patients having received oxygen therapy (mean dura-
tion: 4 days) for COVID-19 pneumonia (the O, + group)
vs. outpatients without pneumonia (the O, — group). The
blood test results confirmed the presence of hypoxia and
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Table 4 Baseline behavioral 0,+ (n=31) 0,- (n=31) GLM
and neuropsychological profiles
(before COVID-19) of patients Mean (SD) Mean (SD) Z-value p value
having received oxygen therapy
(0,+) and those not having Behavioral assessments
received oxygen therapy (O, —) Chalder fatigue scale 7.87 (2.74) 8.35 (2.58) 0.68 0.48
CES-D 21.03 (10.47) 22.52 (8.25) -0.62 0.54
Hamilton anxiety rating scale 20.97 (10.14) 23.23 (11.81) —0.81 0.42
Epworth sleepiness scale 8.26 (4.91) 9.29 (4.62) -0.85 0.40
Memory
FCSRT_FR (/48) 28.94 (4.88) 31.23(5.2) -1.78 0.08
FCSRT_TR (/48) 45 (3.31) 46.71 (1.77) —-0.81 0.42
FCSRT_ICE (0-100%) 86.29 (12.21) 93.21 (8.6) -2.23 0.03
FCSRT_DFR (/16) 11.03(2.52) 12.19 (1.89) —0.86 0.39
FCSRT_DTR (/16) 15.32 (1.47) 15.90 (0.04) -0.51 0.61
Wechsler digit span task raw score 23.52 (4.88) 23.10 (4.39) -0.07 0.94
Forward 5.81 (1.19) 5.84 (1.04) -0.05 0.96
Backward 4.48 (1.03) 4.13 (0.99) 0.21 0.84
Increasing order 5.1 (1.08) 4.81(0.91) 0.49 0.63
Attention
CPT3_HITS (number) 280.48 (11.77) 283.81 (8.44) -0.81 0.42
CPT3_DPR —2.55(0.90) -2.91 (0.76) 2.37 0.02
CPT3_OMI (%) 2.44 (3.85) 1.34 (2.69) 3.52 <0.001
CPT3_COM (%) 38.66 (16.39) 33.87 (15.23) 5.75 <0.001
CPT3_PRS (%) 0.17 (0.37) 0.14 (0.37) 0.57 0.57
CPT3_HRT (ms) 416.83 (44.13) 432.31 (84.13) =591 <0.001
CPT3_VAR 42.42 (40.16) 32.94 (19.78) 0.13 0.90
CPT3_BLKCH 0.89 (7.31) 4.7 (8.79) -1.52 0.13
CPT3_ISICH 13.49 (16.72) 17.69 (14.80) —0.83 0.41
DSCT 65.70 (14.52) 71.52 (12.01) —1.41 0.16
Executive functions
TMT A (sec) 30.33 (9.83) 30.02 (8.95) -0.31 0.76
TMT B (sec) 59.98 (23.61) 57.70 (20.99) -0.25 0.80
B-A (sec) 29.66 (20.72) 27.57 (16.38) -0.20 0.84
Phonemic fluency (n) 22.94 (9.08) 20.87 (5.86) 0.39 0.70
Semantic fluency (n) 31.02 (7.69) 29.97 (8.48) 0.21 0.83
Facial emotional recognition 12.61 (1.03) 12.43 (1.08) 0.01 0.99

GLM general linear mode; CES-D Center for Epidemiologic Studies Depression Scale; FCSRT free and
cue selective reminding test; FR free recall; TR total recall; /CE index cue efficiency; DFR delayed free
recall; DTR delayed total recall; DSCT digit symbol coding test; CPT3 continuous performance test third
edition; DPR detectability; OMI omission; COM commission; PRS perseveration; HRT hit reaction time;
VAR variability; BLKCH hit reaction time block change; ISICH hit reaction time interstimulus interval
change; TMT trail making test; O,— patient not having received oxygen therapy; O,+ patients having

received oxygen therapy

marked damage to the lungs. We studied patients with cog-
nitive complaints after COVID-19, who account for only a
small proportion of COVID-19 patients overall. However,
our focus on this subset highlighted (i) the presence of
significant cognitive and psychiatric disorders, and (ii) a
clear effect of lung damage on the severity of the cogni-
tive disorders.

In line with the literature data, we found that 90% of the
study participants had significant fatigue [36]. Nevertheless,

we did not observe significant differences in fatigue between
the O, +and O, — groups; the state of hypoxia did not appear
to impact the level of fatigue experienced by the patients.
Twenty-four percent of the patients reported daytime sleepi-
ness, which confirmed the impact of fatigue on activities
of daily living. In our study, fatigue was the most fre-
quently reported and most disabling symptom for patients
with COVID-19, with no difference between the O, +and
O, —groups.
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With regard to anxiety and depression, almost 50% of the
patients had a high CES-Dscore. There was no difference
between the O, + and O, — groups. This result is consist-
ent with the literature data [37]. Furthermore, 54% of the
patients reported significant anxiety; again, this result is in
line with the literature. These anxiety-depressive disorders
might be related to the trauma associated with the disease
and (in some cases) hospitalization [38].

Neuropsychological disorders (and particularly atten-
tional and memory functions) affected a large proportion of
the study participants. According to the CPT3, nearly 13%
of the participants had a pathological omission rate and 34%
had a pathological error rate. These results are concordant
with Zhou et al.’s (2020) report in a heterogeneous patient
population. Our study participants also suffered from mem-
ory disorders. Indeed, almost 18% had a pathological score
in at least one of the first three free recall tasks, and 23% had
a pathological score in the delayed free recall task. These
results are consistent with Garcia-Sanchez et al.’s report
[39] of attentional and memory impairments in a group of
84 consecutive patients. In contrast, few of our patients had
executive function disorders.

We observed greater memory impairment in the
O, + group, with notably a significant difference for the
cue efficiency index and the total recall, which shows that
semantic indexing does not help in the retrieval of memory
information which is considered to reflect hippocampal dam-
age [22, 40]. Patients in the O, + group showed psychomotor
slowing with attentional disorders, relative to patients in the
O, — group. The significant hypoxia related to COVID-19
pneumonia might explain (at least in part) the observed cog-
nitive impairment. Hypoxia-related memory and attentional
impairments have already been described in other disease
states (influenza, pulmonary bacterial infections, and severe
asthma) [21]. Our study results are in line with the literature
data. We also highlighted cognitive and psychiatric impair-
ments specifically related to COVID-19 among patients in
the O, — group.

The present study had a number of limitations. First, the
sample size was small. Second, the patients in the O, + group
were older than those in the O, — group. Third, for patients in
the O, — group, we did not have data on PCR tests and blood
tests performed at the time of infection; these data might
have allowed us to compare indicators of inflammation and
to better clarify the relationship between inflammation and
cognitive impairments.

In conclusion, our study evidenced cognitive impairment
in nearly a quarter of patients 4 months after the onset of
COVID-19. Psychiatric disorders were also frequent, with
significant fatigue, daytime sleepiness, anxiety, and depres-
sion observed in more than half of the patients. More spe-
cifically, a particular cognitive profile (with a decrease in
memory capacity, due perhaps to hippocampal damage and
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psychomotor slowing) was observed in COVID-19 patients
in the O, + group. Future studies with neuroimaging might
reveal the nature of the brain damage and the relationship
with the observed cognitive and psychiatric disorders. Our
results also provide perspectives for the specific manage-
ment of patients as a function of the severity of COVID-19.
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