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Abstract: The Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) infection is charac-
terized by severe flu-like symptoms, which can progress to life-threatening systemic inflammation
and multiorgan dysfunction. The nervous system is involved in over one-third of patients, and the
most common neurological manifestations concern the central nervous system, such as headache,
fatigue, and brain fog. The activation of innate, humoral, and cellular immune responses, resulting in
a cytokine storm and endothelial and mitochondrial dysfunctions, are the main pathophysiological
mechanisms of SARS-CoV-2 infection. Citicoline is an exogenous source of choline and cytidine
involved in intracellular phospholipid synthesis, which improves blood flow, brain activity, and
mitochondrial dysfunction. This report will present the case of a non-hospitalized, 59-year-old
female. After a mild form of SARS-CoV-2 infection, the patient developed cognitive disturbances
such as forgetfulness and anomia. The multidimensional neuropsychological assessment revealed
an impairment in episodic memory with borderline performance in executive and visuospatial
functioning. Cognitive rehabilitation and treatment with citicoline 1000 mg/daily led to a marked
improvement in symptoms after six months. Early identification of the neurological sequelae of
the Coronavirus Disease 2019 (COVID-19) and timely rehabilitation interventions are required in
non-hospitalized long-hauler patients with COVID-19. Long-term treatment with citicoline should be
considered as potentially effective in improving cognitive functioning in subjects with Post COVID-19
Neurological Syndrome.
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1. Introduction

The Coronavirus Disease 2019 (COVID-19), the causative agent of which is the Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), spread worldwide in December
2019. The main symptoms affect the respiratory system, leading to severe respiratory
failure [1]. However, neurological manifestations have also been described in over 35%
of cases and subjects with mild and moderate cases of COVID-19 [2-5]. Multi-organ
dysfunction may also persist in the post-acute phase of SARS-CoV-2 infection, constituting
the so-called long COVID syndrome [1]. About 80% of patients have very limited and
transient respiratory symptoms that do not require hospitalization; some patients, known
as COVID-19 long-haulers, develop persistent and debilitating symptoms [6].

Understanding the pathophysiology of COVID-19 is crucial for exploring therapeutic
options. SARS-CoV-2 is an RNA virus with a high affinity for angiotensin-converting
enzyme 2 (ACE2) receptors expressed in various organs, including nervous tissue, vessels,
and muscles [7]. Exposure to SARS-CoV-2 activates T cells through a mechanism related
to Human Leukocyte Antigens (HLA) activation, inducing innate, humoral, and cellular
immune responses. These mechanisms lead to a cytokine storm with activation of immune
cells (macrophages, natural killer, T and B cells) [8]. Several proteins and enzymes are
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involved in the pathophysiological mechanisms of COVID-19, such as silent mating-type
information regulation 2 homolog 1 (SIRT1) and phospholipase A2. In particular, the
presence of mitochondrial dysfunction caused by SARS-CoV-2 infection may explain the
brain fog reported by many patients with underlying infection, which is a hypoxic condition
affecting neurons that require continuous oxygen supply at highly physiological levels [9].

The cytokine storm induced by SARS-CoV-2 infection causes endothelial dysfunc-
tion and alters blood-brain barrier (BBB) permeability [1]. The increased level of pro-
inflammatory cytokines in the central nervous system (CNS) may persist even after re-
covery, thus contributing to possible long-term neuroinflammation. In the acute phase,
neurological manifestations of COVID-19 infection involve, in order, the CNS (24.8%),
skeletal muscle injury (10.7%), and the peripheral nervous system (8.9%) [2]. Persistent
neurologic symptoms in non-hospitalized COVID-19 long-haulers have recently been de-
scribed. Fatigue is the most reported symptom (more than 85%), followed by brain fog
(81%), headache (68%), numbness/tingling (60%), dysgeusia (59%), and anosmia (55%) [6].

From a cognitive perspective, SARS-CoV-2-infected subjects showed worse perfor-
mance in tasks evaluating attention and working memory, with mild-to-moderate cognitive
dysfunction [6]. The latter cognitive deficits are present in patients without other residual
symptoms of infection and are unaffected by differences in demographic or socioeconomic
variables [10]. In the study of Zhou et al., patients aged 30 to 64 years who had recov-
ered from COVID-19 showed worse performance in the domain of sustained attention
and, interestingly, the latter impairment was positively correlated with the degree of in-
flammation [11]. Although some evidence has reported an association between cognitive
impairment and the degree of pulmonary dysfunction and d-dimer levels during acute
COVID-19 infection, no significant associations have been described with the length of hos-
pitalization, total oxygen demand, or markers of severity such as lymphocytes, C-reactive
protein, ferritin, or the highest recorded d-dimer level, although the latter appears to be
correlated with delayed verbal recall and performance and psychomotor speed [12]. The
estimated proportion of individuals with cognitive impairment 3 months after SARS-CoV-2
infection is more than 2%, according to a recent report by the Global Burden of Disease
Long COVID Collaborators [13]. However, to date, there are no randomized clinical trials
on therapeutic approaches for cognitive and neurological symptoms in patients with acute
or prolonged COVID-19 infection.

Citicoline is a cognitive enhancer that acts on intracellular phospholipids synthesis
and is an exogenous source of choline and cytidine [14]; in addition, the drug increases
cerebral blood flow velocity and brain activity, improving cognitive performance [15]. The
therapeutic effects of citicoline were described in a recent systematic review [16]. The
latter study described that the drug showed the following significant beneficial effects:
improvement in motor function, disability, and quality of life in patients with ischemic
and hemorrhagic stroke; improvement in cognitive performance and improved prognosis
and disability in patients with dementia of various etiologies. In contrast, in patients with
traumatic brain injury, the efficacy of citicoline remains to be confirmed. In addition to
the above-described effects, citicoline could potentially be used as a therapy for cases of
cognitive decline related to COVID-19 because it has an anti-inflammatory action through
inhibition of phospholipase 2 and upregulates the expression of SIRT1 protein levels in the
brain, thus leading to improved neuronal plasticity and cognitive functioning [9]; further-
more, the drug has the potential to repair mitochondrial dysfunction and reduce oxidative
damage [9,17]. Regarding rehabilitation techniques, memory training programs have been
described as effective in subjects with cognitive decline and mild cognitive impairment [18].
There are no definitive data to date regarding cognitive rehabilitation in subjects with
cognitive decline due to COVID-19 infection; however, a recent meta-analysis [19] sug-
gests possible cognitive restorative approaches to avoid long-term cognitive complications
from COVID-19. Herein, we describe the case of a 59-year-old, non-hospitalized woman
with COVID-19 and persistent cognitive dysfunction who responded to citicoline and
cognitive rehabilitation.
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2. Case Presentation

SARS-CoV-2 infection was confirmed in early February 2021 in a 59-year-old right-
handed female teacher by reverse transcriptase (RT)-PCR from a nasopharyngeal swab
sample. The patient had no previous history of any disease nor a family history of neu-
rodegenerative disease. The main symptoms were cough, fever, and dizziness. The patient
had normal d-dimer values (77 ng/mL), and a chest Computed Tomography (CT) did
not display the typical findings of COVID-19 pneumonia. The disease was very mild,
and the patient self-isolated for approximately one month until a negative RT-PCR test
was obtained. Subsequently, the patient started to complain of forgetfulness and anomia.
Cognitive symptoms were slowly progressive and did not affect work performance or
daily life.

In late April 2021, the patient was admitted to the Memory Clinic of the University
Hospital of Palermo, where she performed a neurological assessment, a comprehensive
diagnostic work-up and a multidimensional neuropsychological and behavioral assessment.
A complete neurological examination was normal. The patient underwent a comprehensive
blood biochemistry panel for COVID-19, including long COVID biomarkers (d-dimer,
fibrinogen, albumin, ferritin, C-reactive protein, and interleukin 6) [20], and the parameters
were all in the normal range. Lastly, 1.5 T brain Magnetic Resonance Imaging (MRI) with
gadolinium revealed no significant vascular and/or parenchymal abnormalities, and the
electroencephalogram (EEG) was normal.

Concerning neuropsychological assessment, the Mini-Mental State Examination [21]
and the Montreal Cognitive Assessment [22] were administered as tests for global cognition.
Functional abilities were evaluated with the Basic [23] (BADL) and the Instrumental [24]
(IADL) Activities of Daily Living scales, respectively. Subjective Cognitive Impairment has
been assessed through the Memory Assessment Clinics Questionnaire (MAC-Q) [25] (a
six-item scale measuring subjective memory decline).

The patient underwent a complete neuropsychological battery evaluating five cog-
nitive domains: (1) working memory and short- and long-term memory, including Digit
Span Forward (DSF) and Backward (DSB) [26], Rey Auditory Verbal Learning Test, Im-
mediate [RAVLT-IR] and Delayed Recall [RAVLT-DR] [27], Story Recall Test [SR] [28];
(2) visuospatial and constructional functioning, including Clock Drawing [CD] [29] and
Rey’s figure copy [30]; (3) selective and divided attention, including Trail Making Test
A [TMT-A], Trial Making Test B [TMT-B] [31], and Attentive Matrices [28]; (4) executive
functioning, including Raven’s Coloured Progressive Matrices [RPCM] [27] and Frontal
Assessment Battery [FAB] [32]; language, including verbal [27] and semantic fluency [28]
and the Token Test [TT] [28]. Raw scores were corrected for each test using Italian norma-
tive data for score adjustment (based on age, gender, and educational level) [28]. Anxiety
and depression symptoms were assessed with the Hospital Anxiety and Depression Scale
(HAD-A and HAD-D) [33], respectively. Table 1 shows the patient’s cognitive performance
at baseline and after 6 months of follow-up.

Table 1. Patient’s performance on cognitive assessments at baseline and 6-month follow-up.

Tests Baseline 6-Month Follow-Up Cut-Off Point for
Score Classification Score Classification Normal Performance
Global cognition, functional ability, and subjective cognitive impairment
MMSE 26.31 normal 28.31 normal >24
MOCA 23 impaired 27 normal >25
ADL 6 normal 6 normal -
IADL 8 normal 8 normal -
MAC-Q 28 impaired 23 normal <25
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Table 1. Cont.

Tests Baseline 6-Month Follow-Up Cut-Off Point for
Score Classification Score Classification Normal Performance
Working memory, short and long-term memory
DSF 6.5 normal 7.5 normal >3.75
DSB 3.58 normal 4.66 normal >2.65
RAVLT-IR 27.2 impaired 31.2 normal >28.53
RAVLT-DR 3 impaired 4 impaired >4.69
Story Recall Test 9.5 normal 10.5 normal >7.5
Visuospatial and constructional functioning
Clock Drawing 7 borderline 11 normal >6.54
Rey’s Figure 30 normal 33 normal >28.87
copy
Selective and divided attention
Trail Making A 65 normal 63 normal <94
Trail Making B 121 normal 111 normal <283
ﬁ;et?itci‘e,; 38 normal 40 normal >31
Executive functioning
RCPM 19.6 borderline 24.6 normal >18.96
FAB 14.45 normal 16.45 normal >12
Language
Verbal fluency 28.6 normal 30 normal >17.35
Semantic fluency 28 normal 30 normal >24
Token Test 31.25 normal 32.25 normal >26.5
Behavioral Assessment
HAD-A 12 impaired 7 normal <11
HAD-D 4 normal 3 normal <11

Abbreviations: MMSE, Mini Mental State Examination; MOCA, Montreal Cognitive Assessment; ADL, Activities
of Daily Living; IADL, Instrumental Activities of Daily Living; MAC-Q, Memory Assessment Clinics Question-
naire; DSF, Digit Span Forward; DSB, Digit Span Backward; RAVLT-IR and DR, Rey Auditory Verbal Learning Test,
immediate recall and delayed recall; RCPM, Raven’s Coloured Progressive Matrices; FAB, Frontal Assessment
Battery; HAD, Hospital Anxiety and Depression scale.

3. Results

Neuropsychological evaluation at baseline showed a deficit in verbal long-term
episodic memory and borderline performance in executive functioning (inhibitory control
and abstract reasoning) and visuo-constructional abilities. Specifically, an analysis of the
RAVLT learning curve revealed a deficit of encoding, with consequent effects on learning
and delayed recall. The RCPM demonstrated a slowdown in the processing of logical-
operational skills, and the FAB revealed a loss of inhibitory control (i.e., scores 1/3 for the
conflicting instructions and go-no-go subitems); the scores of both tests were slightly above
the cut-off. Similarly, CD test performance was slightly impaired due to omissions and
incorrect placement of the clock hands. Although performance on the verbal fluency test
was within a normal range, several perseverative errors were recorded. Overall, the quali-
tative analysis of the above tests suggests a mild executive dysfunction. Performance in the
remaining cognitive domains (attention, working memory, and language) was within the
normal range. The HAD-A revealed a mild level of anxiety, probably related to the reported
cognitive difficulties, while the HAD-D did not significantly show symptoms of depression.
Lastly, the MAC-Q score revealed the presence of subjective memory impairment.

Based on the presence of a cognitive and mood disorder in a patient with previous
COVID-19 infection, the patient was diagnosed with Post COVID-19 Neurological Syn-
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drome (PCNS) [34] and treated with 1000 mg/daily oral citicoline, thereafter undergoing
a cognitive rehabilitation treatment (two 40 min sessions per week, including relaxation
techniques and mnemonic strategies inherent to verbal memory combined with spatial
information retrieval with repeated presentations) for six months. A follow-up neuropsy-
chological examination after six months revealed an overall improvement in cognitive
performance, with a concomitant reduction in anxiety levels and the subjective reporting of
memory deficits. As shown in Table 1, the patient achieved normal scores in all cognitive
tests administered at follow-up, with only borderline performance in the delayed recall of
the RAVLT, suggestive of residual impairment of verbal episodic memory.

4. Discussion

This study describes the case of a 59-year-old non-hospitalized woman with COVID-19
and persistent cognitive dysfunction, diagnosed as affected by PCNS [34], who responded
to citicoline and cognitive rehabilitation.

With reference to the pathophysiology of cognitive dysfunction in this patient, a possi-
ble rationale for the involvement of hypoxemia or vascular comorbidity [1] seemed unlikely,
given that the subject did not experience respiratory symptoms requiring hospitalization,
nor did she suffer from any vascular risk factors/diseases. Similarly, the activation of
systemic inflammation associated with elevated serum levels of interleukin, resulting in
increased permeability of the BBB [1,6], seems to be ruled out in this patient based on the
normal values of acute-phase protein and IL-6 found 3 months after COVID-19 infection. In
contrast, one possible mechanism that may have contributed to the neurological symptoms,
in this case, includes the presence of brain damage from microvasculopathy, supported
by megakaryocytes in the cortical capillaries of the brain, with the release of vasoactive
substances such as serotonin [6]. Interestingly, citicoline was also found to be effective in
acute ischemic stroke [16], including chronic subcortical hypoperfusion [35].

The patient was affected by COVID-19 with mild clinical manifestations, such as fever,
cough, and dizziness. Complete blood biochemistry for long COVID was normal, and brain
MRI and EEG revealed no significant morphological and electrical abnormalities. However,
she started complaining of cognitive disturbances concerning verbal episodic memory,
which was confirmed via formal neuropsychological testing. The latter also revealed a
borderline impairment in executive functioning (inhibitory control and abstract reasoning)
and visuospatial organization. Cognitive disturbances did not affect the patient’s ability to
perform daily activities, including going to work.

The main cognitive domains involved in SARS-CoV-2 infection are attention and
working memory [6], with a predominant frontoparietal hypometabolism [36]. In the case
of our patient, verbal episodic memory was the most impaired cognitive function, along
with mild dysfunction of executive functioning and visuospatial organization. These data
suggest more diffuse brain involvement implicating the left mesial temporal cortex [37], in
addition to the fronto-parietal involvement characteristic of executive [38] and visuospatial
impairment [39], respectively.

An improvement in cognitive dysfunction was observed after a six-month combined
rehabilitation program (with mnemonic and inhibitory control techniques) and the admin-
istration of 1000 mg/daily citicoline. The role of cognitive rehabilitation is well established
in cognitive decline, particularly regarding memory functioning [18]; moreover, in our
patient, the combination with citicoline therapy, a brain chemical known to improve brain
activity [9,16], possibly led to further cognitive improvement. Citicoline has been shown
to have anti-inflammatory (through the inhibition of phospholipase 2 activity), antiviral
(being a proteasome regulator), and neuroprotective (reducing oxidative damage and
improving mitochondrial dysfunction in the neocortex) properties [9]. In addition, citico-
line serves as a substrate for synthesizing acetylcholine, a neurotransmitter essential for
memory functioning and learning, and increases cerebral blood flow and velocity [16]. All
these mechanisms could explain the beneficial effect of citicoline in our patients. Given the
systemic involvement of the long COVID-19 syndrome, a multi-disciplinary approach to pa-
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tients and specific, multi-organ rehabilitation programs are required. The latter also applies
to long-hauler individuals requiring a prompt clinical assessment and related treatment.

5. Conclusions

To prevent long-term sequelae of COVID-19 and reduce subsequent disability in indi-
viduals with PCNS, the standardization of clinical assessments to stratify at-risk patients
is required. In these patients, early rehabilitation programs and treatment with nootropic
agents should be considered useful tools to prevent disability and improve the patient’s
quality of life.
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