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Introduction  
SARS-CoV-2 is the novel coronavirus that first 

emerged from China in December 2019 and the 

seventh member of the coronavirus family [1]. The 

outbreak of this infection was officially named as 

Coronavirus Disease 2019 (COVID-19) by the World 

Health Organization [2]. With the help of numerous 

studies, it became possible to characterize this new 

infection, which we originally thought to manifest 

primarily with respiratory symptoms [3]. 

Now, Covid-19 is recognized as a multi-organ 

disease that can affect a large number of vital organs 

beyond the lungs, such as the heart, kidneys, and the 

brain during the acute infection [4]. On the other hand, 

it has been demonstrated that SARS-COV2 infection 

can lead to clinical remaining symptoms despite 

resolution of the acute infection [5]. COVID-19’s 

approximate healing time is 2–3 weeks. Yet, 1 in 5 
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people might display symptoms for more than 5 

weeks, while 1 in 10 may still suffer from residual 

symptoms after 12 weeks [2]. 

Asthenia, dyspnea, myalgia, joint pain, headache, 

persistent coughing, chest pain, altered smell and 

taste and diarrhea were the 10 most reported ones 

[2]. These are part of the post COVID-19 syndrome. 

Among these residual symptoms, studies suggested 

that neuropsychiatric symptoms such as cognitive 

impairments could affect some patients during SARS-

COV2 recovery [6,7]. The neurocognitive symptoms 

associated with COVID-19 patients are becoming a 

highly studied area due to the increased frequency of 

reported cases. Among them, recent data shed light 

on memory difficulties, executive functions 

impairments, as well as trouble focusing. It is 

currently the fourth most reported long-term symptom 

after COVID-19 recovery [8]. Neurocognitive 

pathophysiology in COVID is complex. Among the 

hypotheses of recent data, direct neuronal damage, 

neuro-inflammation, microvasculitis and hypoxia 

could be the major factors involved in neuro-cognitive 

sequelae [9].  

However, the cognitive profile of these patients 

remains unclear and requires further investigation to 

evaluate its impact and understand more precisely 

the underlying mechanisms [7]. Multiple hospital case 

series and observational studies were performed in 

western or Asian countries. However, African and 

Arab countries still lack information regarding this 

topic since little to no studies were carried out there. 

The aim of our study was to assess neuro-psychiatric 

symptoms, and more specifically cognitive disorders, 

in Tunisian patients who recovered from Covid-19. 

Methods 

A cross-sectional survey was conducted during the 

months of May and June 2021. 

The patients were selected from the pneumology 

ward in Mongi Slim Hospital in Marsa, Tunisia. We 

specifically chose patients who were hospitalized 

there due to Covid-19 infection and the study was 

conducted one month after discharge. Informed 

consent was obtained from all the included patients. 

Socio-demographic and clinical data were collected 

from medical records and through interviewing 

patients directly. Multiple valid scales were used to 

assess cognitive impairment: Mini Mental State 

(MMS) [10], Frontal Assessment Battery (FAB) [11], 

Trail Making Test (TMT) [12], and the maze task [13]. 

Anxiety and depressive symptoms were also 

screened using the Hospital Anxiety and Depression 

(HAD) [14]. 

The MMS is a psychometric screening that assesses 

cognitive function. It explores various cognitive 

domains such as orientation, memory, attention, 

comprehension, expression, and praxis. It has the 

advantage of being widely used in outpatient follow-

up to assess cognitive impairment over time [15].  

The FAB is a short cognitive and behavioral battery 

used to assess the six domains of frontal lobe 

function: conceptualization, mental flexibility, motor 

programming, sensitivity to interference, inhibitory 

control and environmental autonomy [11,16]. It thus 

consists of six subtests, each exploring one of the 

aforementioned executive functions. The total scores 

are obtained by adding the subscores of the six 

subtests [11]. This test assesses cognitive functions 

in general. Other tests, such as TMT and Mase Task 

are used to assess more accurately specific 

executive domains.  

The TMT is a neuropsychological instrument that 

assesses the speed of cognitive processing and 

executive functioning. It consists of two parts: the 

TMT A and the TMT B. The TMT A measures visual 

search and motor speed, whereas the TMT B 

explores cognitive flexibility, divided attention and 

working memory (frontal executive functions). Each 

test involves a set of exercises that require patients 

connecting numbers and letters. The scoring of each 

part is determined via the time of completion of the 

tasks.  

The Maze Task is a timed paper-and-pencil 

procedure that assesses spatial navigation, which 

depends on a large number of cognitive processes: 

visual perception, spatial orientation, learning, and 

memory. The task consists of tracing a path through 

5 different mazes presented successively. The total 

score is measured via 3 variables: completion time, 

planning time, and errors/dead ends. 

The HAD is a scale that assesses anxiety and 

depressive symptoms. It consists of 14 items: 7 

depression items and 7 anxiety items that both focus 

on the cognitive and emotional aspects. Somatic 

items are excluded. 

Statistical analysis was performed using the IBM 

SPSS Version 23.0 (IBM Inc) program. Correlation 

analysis was conducted with Pearson’s and 

Spearman’s analysis for parametric and 

nonparametric variables, respectively. Chi-square 

tests were used for qualitative variables. A p value < 

0> 

Results 

The sample included 20 patients, with a sex ratio of 2 

males/1 female. The patients’ sample average age 
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was 63. The main COVID symptoms that were 

described were asthenia, myalgia, cough and fever.  

Thirty percent were smokers. Mean Body Mass Index 

was 28 (range :21-36). Sixty percent had medical 

history of diabetes or high blood pressure and 20 

percent had coronaropathy. Lesions extent on 

computed tomography (CT) scan was 45.5 with a 

range of 20 to 37. Oxygen flow had an average of 8.2 

litres per minute with a range of 1 to 15. 

Multiple complications were reported during the 

course of the hospitalization. In total, 12 patients 

suffered from bacterial infection and 2 patients 

presented an agitation episode. No cardiovascular 

complications were reported. Two patients were 

taken to the intensive care unit to receive noninvasive 

ventilation for a duration of 5 days and 10 days 

respectively.  

Fourteen out of the 20 patients were diagnosed with 

at least one cognitive dysfunction, which represents 

70% of the sample. 

Memory and executive functions were evaluated 

using the MMS and the FAB. Three patients obtained 

less than the cut off score on the MMS. Eight patients 

had low scores on the FAB showing executive 

impairments. 

Flexibility, attention and planning abilities were 

evaluated through the TMT and the Maze Task. On 

the TMT and Maze task tests, respectively 5 patients 

and 9 patients have abnormal timing scores. There 

were also mild rates of depression and anxiety. All 

cognitive and psychiatric mean score’s tests are 

detailed in Table 1. 

There was no statistical significant association 

between cognitive dysfunction and demographic or 

clinical parameters. There was no statistical 

association between depression, anxiety and 

cognitive impairment

Table 1. Patients scoring on executive measures and psychiatric scales 

MMS 25.75 (min: 10; max: 30) 

FAB 14.65 (min: 8 max: 18) 

TMT-A duration 133.53 seconds (min: 20; max: 309) 

TMT-B duration 217.11 seconds (min: 41; max: 340) 

MAZE task duration 59 seconds (min: 7; max: 139) 

HAD anxiety 8 (min: 0; max: 18) 

HAD depression 6.6 (min: 2; max: 14) 

Discussion 

This study found cognitive impairments in Tunisian 

patients after COVID-19 hospitalization. In our study, 

70% of the sample had cognitive dysfunctions. 

Several cognitive executive domains were affected 

such as flexibility, speed processing, attention and 

planning functions. 

Hampshire et al. found that COVID-19 could 

significantly impact various cognitive abilities [17]. 

Zhou et al reported that the cognitive impairments in 

COVID-19 patients were mild [18]. They mostly 

affected sustained attention, and were correlated with 

C-Reactive Protein level which is a marker of 

inflammation [10]. A recent meta-analysis found that 

COVID-19 affected executive functions, attention, 

and memory [6] ⁠. Cognitive symptoms are more 

prevalent in patients with severe infection who 

needed hospitalization. 

In this study, anxiety and depression were not 

associated with cognitive impairments.  

We still lack understanding about the physiological 

mechanisms that could induce long lasting 

impairments after COVID-19 recovery. Though, 

literature mentions several factors that could be 

involved in the pathogenesis of cognitive impairments 

in COVID-19. 

Among these factors, systemic inflammation, which 

consequently leads to neuro-inflamation, is the most 

listed one [19]. This chronic inflammation was widely 

studied to help figure out how it impacts cognitive 

functions.  

Multiple studies suggest that SARS-CoV-2 virus may 

access to the central nervous system through the 

nasal mucosa and olfactory fibers, or by the 

haematogenous path [7]. 
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Once SARS-Cov-2 enters the central nervous 

system, it’s by infecting endothelial cells, pericytes 

and probably neurons that it causes cascading 

reactions that end up altering cognitive functions [7]. 

Moreover, animal models showed that memory 

impairment could be explained by the vulnerability of 

hippocampus to respiratory viral infections [20]. In 

fact, Areza-fegyveres et al suggested that hypoxia 

could account for cognitive impairments in several 

coronaviruses’ infections [21]. There is increasing 

supporting evidence that cerebral hypoperfusion 

accelerates amyloid-beta accumulation in the brain, 

which further explains cognitive dysfunction since 

Alzheimer’s pathophysiology implies amyloid-Beta 

accretion [7]. 

Actually, COVID-19 has been closely linked to 

cognitive impairments in neuro-degenerative 

diseases including Alzheimer’s [22]. Cerebral white 

matter is particularly vulnerable to ischemic damage 

in COVID-19 and plays a big role in cognitive 

function.  

However, cognitive impairments following COVID-19 

infection seem to have some atypical features: they 

may last longer, affect younger people and associate 

affective symptoms [23].  

In the literature, intensive care unit admission and the 

use of invasive treatments like ventilation and 

sedation are risk factors of cognitive decline [21]. Our 

sample was not representative enough with only 2 

patients requiring intensive care units admission and 

invasive treatment. Both did not present any 

significant cognitive impairment. 

This study is original because it is the first study in an 

African country however the sample size and the 

absence of a control group were the 2 main limitations 

of this study. The main reason was the rapid 

widespread of the virus and that most people could 

have asymptomatic infections. Hence it is was not 

possible to recruit a control group who was never 

infected. 

Conclusion 

Patients hospitalized with COVID-19 can develop 

cognitive impairments shortly after discharge, 

especially in case of severe infection. Memory and 

executive functions are the most affected domains. 

This pilot study could be the starting point of more 

extensive researches regarding COVID-19 induced 

cognitive impairments especially in African and Arab 

countries.  Screening for cognitive disorders in post-

COVID is crucial can be performed using paper and 

pencil-based tests for wider use in developing 

countries. 

Declaration of interest 

The authors declare that there is no conflict of interest 

that could be perceived as prejudicing the impartiality 

of the research reported. 

Authors have no conflicts of interest 

References 

1. Carsana, L., Sonzogni, A., Nasr, A., Rossi, R. S., 

Pellegrinelli, A., Zerbi, P., ... & Nebuloni, M. 

(2020). Pulmonary post-mortem findings in a 

series of COVID-19 cases from northern Italy: a 

two-centre descriptive study. The Lancet 

infectious diseases, 20(10), 1135-1140. 

2. Aiyegbusi, O. L., Hughes, S. E., Turner, G., 

Rivera, S. C., McMullan, C., Chandan, J. S., ... & 

TLC Study Group. (2021). Symptoms, 

complications and management of long COVID: 

a review. Journal of the Royal Society of 

Medicine, 114(9), 428-442. 

3. Graham, E. L., Clark, J. R., Orban, Z. S., Lim, P. 

H., Szymanski, A. L., Taylor, C., ... & Koralnik, I. 

J. (2021). Persistent neurologic symptoms and 

cognitive dysfunction in non‐hospitalized Covid‐

19 “long haulers”. Annals of clinical and 

translational neurology, 8(5), 1073-1085. 

4. Mahalakshmi, A. M., Ray, B., Tuladhar, S., Bhat, 

A., Paneyala, S., Patteswari, D., ... & Qoronfleh, 

M. W. (2021). Does COVID‐19 contribute to 

development of neurological disease?. Immunity, 

inflammation and disease, 9(1), 48-58. 

5. Dasgupta A, Kalhan A, Kalra S. Long term 

complications and rehabilitation of COVID-19 

patients. JPMA The Journal of the Pakistan 

Medical Association. 2020;70(Suppl 3) (5): S131-

s5. 

6. Crivelli, L., Palmer, K., Calandri, I., Guekht, A., 

Beghi, E., Carroll, W., ... & Kivipelto, M. (2022). 

Changes in cognitive functioning after COVID‐19: 

A systematic review and meta‐

analysis. Alzheimer's & Dementia, 18(5), 1047-

1066. 

7. Miners S, Kehoe PG, Love S. Cognitive impact of 

COVID-19: looking beyond the short term. 

Alzheimer'sresearch& therapy. 2020 ;12(1) :170. 

8. Miskowiak, K. W., Johnsen, S., Sattler, S. M., 

Nielsen, S., Kunalan, K., Rungby, J., ... & 

Porsberg, C. M. (2021). Cognitive impairments 

four months after COVID-19 hospital discharge: 

Pattern, severity and association with illness 

variables. European 

Neuropsychopharmacology, 46, 39-48. 

9. Xia X, Wang Y, Zheng J. COVID-19 and 

Alzheimer's disease: how one crisis worsens the 

https://www.mediresonline.org/journals/psychiatry-and-psychological-disorders
https://www.sciencedirect.com/science/article/pii/S1473309920304345
https://www.sciencedirect.com/science/article/pii/S1473309920304345
https://www.sciencedirect.com/science/article/pii/S1473309920304345
https://www.sciencedirect.com/science/article/pii/S1473309920304345
https://www.sciencedirect.com/science/article/pii/S1473309920304345
https://www.sciencedirect.com/science/article/pii/S1473309920304345
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Aiyegbusi+OL%2C+Hughes+SE%2C+Turner+G%2C+Rivera+SC%2C+McMullan+C%2C+Chandan+JS%2C+et+al.+Symptoms%2C+complications+and+management+of+long+COVID%3A+a+review.+Journal+of+the+Royal+Society+of+Medicine.+2021%3B114%289%29%3A428-42&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Aiyegbusi+OL%2C+Hughes+SE%2C+Turner+G%2C+Rivera+SC%2C+McMullan+C%2C+Chandan+JS%2C+et+al.+Symptoms%2C+complications+and+management+of+long+COVID%3A+a+review.+Journal+of+the+Royal+Society+of+Medicine.+2021%3B114%289%29%3A428-42&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Aiyegbusi+OL%2C+Hughes+SE%2C+Turner+G%2C+Rivera+SC%2C+McMullan+C%2C+Chandan+JS%2C+et+al.+Symptoms%2C+complications+and+management+of+long+COVID%3A+a+review.+Journal+of+the+Royal+Society+of+Medicine.+2021%3B114%289%29%3A428-42&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Aiyegbusi+OL%2C+Hughes+SE%2C+Turner+G%2C+Rivera+SC%2C+McMullan+C%2C+Chandan+JS%2C+et+al.+Symptoms%2C+complications+and+management+of+long+COVID%3A+a+review.+Journal+of+the+Royal+Society+of+Medicine.+2021%3B114%289%29%3A428-42&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Aiyegbusi+OL%2C+Hughes+SE%2C+Turner+G%2C+Rivera+SC%2C+McMullan+C%2C+Chandan+JS%2C+et+al.+Symptoms%2C+complications+and+management+of+long+COVID%3A+a+review.+Journal+of+the+Royal+Society+of+Medicine.+2021%3B114%289%29%3A428-42&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Aiyegbusi+OL%2C+Hughes+SE%2C+Turner+G%2C+Rivera+SC%2C+McMullan+C%2C+Chandan+JS%2C+et+al.+Symptoms%2C+complications+and+management+of+long+COVID%3A+a+review.+Journal+of+the+Royal+Society+of+Medicine.+2021%3B114%289%29%3A428-42&btnG=
https://onlinelibrary.wiley.com/doi/full/10.1002/acn3.51350
https://onlinelibrary.wiley.com/doi/full/10.1002/acn3.51350
https://onlinelibrary.wiley.com/doi/full/10.1002/acn3.51350
https://onlinelibrary.wiley.com/doi/full/10.1002/acn3.51350
https://onlinelibrary.wiley.com/doi/full/10.1002/acn3.51350
https://onlinelibrary.wiley.com/doi/full/10.1002/acn3.51350
https://onlinelibrary.wiley.com/doi/full/10.1002/iid3.387
https://onlinelibrary.wiley.com/doi/full/10.1002/iid3.387
https://onlinelibrary.wiley.com/doi/full/10.1002/iid3.387
https://onlinelibrary.wiley.com/doi/full/10.1002/iid3.387
https://onlinelibrary.wiley.com/doi/full/10.1002/iid3.387
https://alz-journals.onlinelibrary.wiley.com/doi/full/10.1002/alz.12644
https://alz-journals.onlinelibrary.wiley.com/doi/full/10.1002/alz.12644
https://alz-journals.onlinelibrary.wiley.com/doi/full/10.1002/alz.12644
https://alz-journals.onlinelibrary.wiley.com/doi/full/10.1002/alz.12644
https://alz-journals.onlinelibrary.wiley.com/doi/full/10.1002/alz.12644
https://alz-journals.onlinelibrary.wiley.com/doi/full/10.1002/alz.12644
https://www.sciencedirect.com/science/article/pii/S0924977X21001747
https://www.sciencedirect.com/science/article/pii/S0924977X21001747
https://www.sciencedirect.com/science/article/pii/S0924977X21001747
https://www.sciencedirect.com/science/article/pii/S0924977X21001747
https://www.sciencedirect.com/science/article/pii/S0924977X21001747
https://www.sciencedirect.com/science/article/pii/S0924977X21001747
https://www.sciencedirect.com/science/article/pii/S0924977X21001747


 

Psychiatry and Psychological Disorders 

How to cite this article: Wafa Abdelghaffar, Amal Adouni, Syrine Boudriga, Cyrine Bey, Hana Blibech, Amal Ajili, Nadia Haloui, Rym Rafrafi, (2023). Execut ive dysfunctions in patients 

recovering from Covid-19. Psychiatry and Psychological Disorders. 2(1).10.58489/2836-3558/004                         Page 5  of 5 

other. Translational neurodegeneration. 

2021;10(1):15. 

10. Bellaj T, Ben Jemaa S, AttiaRomdhane N, 

Dhiffallah M, Bouaziz M, Mrabet A. Mini mental 

state examination Arabic version (A-MMSE): 

reliability, validity and normative data. La Tunisie 

medicale. 2008 ;86 :768-76. 

11. Dubois, B., Slachevsky, A., Litvan, I., & Pillon, B. 

F. A. B. (2000). The FAB: a frontal assessment 

battery at bedside. Neurology, 55(11), 1621-

1626. 

12. Llinàs-Reglà, J., Vilalta-Franch, J., López-Pousa, 

S., Calvó-Perxas, L., Torrents Rodas, D., & 

Garre-Olmo, J. (2017). The Trail Making Test: 

Association with other neuropsychological 

measures and normative values for adults aged 

55 years and older from a Spanish-speaking 

population-based sample. Assessment, 24(2), 

183-196. 

13. Staplin, L., Gish, K. W., Lococo, K. H., Joyce, J. 

J., & Sifrit, K. J. (2013). The Maze Test: A 

significant predictor of older driver crash 

risk. Accident Analysis & Prevention, 50, 483-

489. 

14. Terkawi, A. S., Tsang, S., AlKahtani, G. J., Al-

Mousa, S. H., Al Musaed, S., AlZoraigi, U. S., ... 

& Altirkawi, K. A. (2017). Development and 

validation of Arabic version of the Hospital 

Anxiety and Depression Scale. Saudi journal of 

anaesthesia, 11(Suppl 1), S11. 

15. Mossello, E., & Boncinelli, M. (2006). Mini-mental 

state examination: a 30-year story. Aging Clinical 

and Experimental Research, 18, 271-273. 

16. Goh, W. Y., Chan, D., Ali, N. B., Chew, A. P., 

Chuo, A., Chan, M., & Lim, W. S. (2019). Frontal 

assesment battery in early cognitive impairment: 

psychometric property and factor structure. The 

journal of nutrition, health & aging, 23, 966-972. 

17. Hampshire A, Trender W, Chamberlain SR, Jolly 

AE, Grant JE, Patrick F, et al. Cognitive deficits 

in people who have recovered from COVID-19. 

EClinicalMedicine. 2021; 39:101044. 

View at Publisher | View at Google Scholar 

18. Zhou, H., Lu, S., Chen, J., Wei, N., Wang, D., 

Lyu, H., ... & Hu, S. (2020). The landscape of 

cognitive function in recovered COVID-19 

patients. Journal of psychiatric research, 129, 

98-102. 

19. Cothran, T. P., Kellman, S., Singh, S., Beck, J. 

S., Powell, K. J., Bolton, C. J., & Tam, J. W. 

(2020). A brewing storm: The neuropsychological 

sequelae of hyperinflammation due to COVID-

19. Brain, behavior, and immunity, 88, 957. 

20. Jacomy, H., Fragoso, G., Almazan, G., 

Mushynski, W. E., & Talbot, P. J. (2006). Human 

coronavirus OC43 infection induces chronic 

encephalitis leading to disabilities in BALB/C 

mice. Virology, 349(2), 335-346. 

21. Areza-Fegyveres, R., Kairalla, R. A., Carvalho, C. 

R., & Nitrini, R. (2010). Cognition and chronic 

hypoxia in pulmonary diseases. Dementia & 

neuropsychologia, 4, 14-22. 

22. Akiyama, H., Barger, S., Barnum, S., Bradt, B., 

Bauer, J., Cole, G. M., ... & Wyss–Coray, T. 

(2000). Inflammation and Alzheimer’s 

disease. Neurobiology of aging, 21(3), 383-421. 

23. Altuna, M., Sánchez-Saudinós, M. B., & Lleó, A. 

(2021). Cognitive symptoms after COVID-

19. Neurology perspectives, 1, S16-S24. 

https://www.mediresonline.org/journals/psychiatry-and-psychological-disorders
https://journals.sagepub.com/doi/abs/10.1177/1073191115602552?journalCode=asma
https://journals.sagepub.com/doi/abs/10.1177/1073191115602552?journalCode=asma
https://journals.sagepub.com/doi/abs/10.1177/1073191115602552?journalCode=asma
https://journals.sagepub.com/doi/abs/10.1177/1073191115602552?journalCode=asma
https://journals.sagepub.com/doi/abs/10.1177/1073191115602552?journalCode=asma
https://journals.sagepub.com/doi/abs/10.1177/1073191115602552?journalCode=asma
https://journals.sagepub.com/doi/abs/10.1177/1073191115602552?journalCode=asma
https://journals.sagepub.com/doi/abs/10.1177/1073191115602552?journalCode=asma
https://www.sciencedirect.com/science/article/abs/pii/S0001457512002102
https://www.sciencedirect.com/science/article/abs/pii/S0001457512002102
https://www.sciencedirect.com/science/article/abs/pii/S0001457512002102
https://www.sciencedirect.com/science/article/abs/pii/S0001457512002102
https://www.sciencedirect.com/science/article/abs/pii/S0001457512002102
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5463562/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5463562/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5463562/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5463562/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5463562/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5463562/
https://link.springer.com/article/10.1007/BF03324660
https://link.springer.com/article/10.1007/BF03324660
https://link.springer.com/article/10.1007/BF03324660
https://link.springer.com/article/10.1007/s12603-019-1248-0
https://link.springer.com/article/10.1007/s12603-019-1248-0
https://link.springer.com/article/10.1007/s12603-019-1248-0
https://link.springer.com/article/10.1007/s12603-019-1248-0
https://link.springer.com/article/10.1007/s12603-019-1248-0
https://www.medrxiv.org/content/10.1101/2020.10.20.20215863.abstract
https://www.medrxiv.org/content/10.1101/2020.10.20.20215863.abstract
https://www.sciencedirect.com/science/article/pii/S0022395620308542
https://www.sciencedirect.com/science/article/pii/S0022395620308542
https://www.sciencedirect.com/science/article/pii/S0022395620308542
https://www.sciencedirect.com/science/article/pii/S0022395620308542
https://www.sciencedirect.com/science/article/pii/S0022395620308542
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309913/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309913/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309913/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309913/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309913/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.%09Jacomy+H%2C+Fragoso+G%2C+Almazan+G%2C+Mushynski+WE%2C+Talbot+PJ.+Human+coronavirus+OC43+infection+induces+chronic+encephalitis+leading+to+disabilities+in+BALB%2FC+mice.+Virology.+2006%3B349%282%29%3A335-46.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.%09Jacomy+H%2C+Fragoso+G%2C+Almazan+G%2C+Mushynski+WE%2C+Talbot+PJ.+Human+coronavirus+OC43+infection+induces+chronic+encephalitis+leading+to+disabilities+in+BALB%2FC+mice.+Virology.+2006%3B349%282%29%3A335-46.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.%09Jacomy+H%2C+Fragoso+G%2C+Almazan+G%2C+Mushynski+WE%2C+Talbot+PJ.+Human+coronavirus+OC43+infection+induces+chronic+encephalitis+leading+to+disabilities+in+BALB%2FC+mice.+Virology.+2006%3B349%282%29%3A335-46.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.%09Jacomy+H%2C+Fragoso+G%2C+Almazan+G%2C+Mushynski+WE%2C+Talbot+PJ.+Human+coronavirus+OC43+infection+induces+chronic+encephalitis+leading+to+disabilities+in+BALB%2FC+mice.+Virology.+2006%3B349%282%29%3A335-46.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.%09Jacomy+H%2C+Fragoso+G%2C+Almazan+G%2C+Mushynski+WE%2C+Talbot+PJ.+Human+coronavirus+OC43+infection+induces+chronic+encephalitis+leading+to+disabilities+in+BALB%2FC+mice.+Virology.+2006%3B349%282%29%3A335-46.&btnG=
https://www.scielo.br/j/dn/a/HhKjPybGjjfLMyVvQtqKrTM/abstract/?lang=en
https://www.scielo.br/j/dn/a/HhKjPybGjjfLMyVvQtqKrTM/abstract/?lang=en
https://www.scielo.br/j/dn/a/HhKjPybGjjfLMyVvQtqKrTM/abstract/?lang=en
https://www.scielo.br/j/dn/a/HhKjPybGjjfLMyVvQtqKrTM/abstract/?lang=en
https://www.sciencedirect.com/science/article/abs/pii/S019745800000124X
https://www.sciencedirect.com/science/article/abs/pii/S019745800000124X
https://www.sciencedirect.com/science/article/abs/pii/S019745800000124X
https://www.sciencedirect.com/science/article/abs/pii/S019745800000124X
https://www.sciencedirect.com/science/article/pii/S2667049621000703
https://www.sciencedirect.com/science/article/pii/S2667049621000703
https://www.sciencedirect.com/science/article/pii/S2667049621000703

