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A novel coronavirus disease (COVID-19) was reported in Wuhan, China in 
December 2019 and spread rapidly around the world, causing high rates of 
mortality and morbidity. This disease is known for its respiratory 
manifestations. Also, there have been several reports of neurological 
involvement in patients with COVID-19. In this study, we present a 55-year-old 
Iranian male patient, who was referred from another medical center with a 
decreased level of consciousness. Upon admission, only respiratory signs of 
COVID-19 were observed, but later, some neurological manifestations were also 
observed, such as an alteration in mental status, disorientation, stupor, and 
finally coma. In radiological studies, a hemorrhagic encephalopathy pattern 
was detected. Despite improved oxygenation and alleviation of respiratory 
symptoms with antiviral and anti-inflammatory therapies, cerebral injuries 
progressed, and the patient died due to severe brain damage. 
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INTRODUCTION 

Coronavirus disease 2019 (COVID-19) mostly manifests 

as pneumonia, involving the lower respiratory tract. This 

disease may also invade the nervous system. The most 

common symptoms of COVID-19 include fever, cough, 

and fatigue, while neurological manifestations, such as 

seizure, an altered level of consciousness, cerebral ischemia 

(1-4), and encephalitis may be also seen in some patients. 

Here, we report the case of a patient with lethal 

neurological complications.   

 

CASE SUMMARIES 
The patient was a 55-year-old man, referred to our 

center with complaints of fever, chills, cough, and fatigue 

over the last four days. Fever, chill, cough, and fatigue 

were the first manifestations of the disease, but with time, 

dyspnea also emerged. The patient was admitted to a 

center with an oxygen saturation of 75%. His medical 

history indicated diabetes, without any history of 

cardiovascular disease or hypertension. 

During hospitalization in the first center, deterioration 

of mental status and exacerbation of dyspnea were 

detected. Accordingly, intubation and mechanical 

ventilation were applied, and the patient was referred to 

our center. At the time of admission, the intubated patient 

was in a coma with no response to painful stimuli; no 

lateralization or neck stiffness was observed. His vital 

signs were as follows: temperature of 38.3°C, blood 

pressure of 115/65 mmHg, pulse rate of 105 bpm, and 

respiratory rate of 15 bpm. He was transferred to the 

intensive care unit (ICU) under intubation and was then 

connected to a ventilator. 

The patient’s laboratory test results upon admission 
were as follows: pH= 7.25; partial pressure of carbon 
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dioxide (PCO2)= 39 mmHg; O2 saturation= 78%; 
bicarbonate (HCO3)= 19 mmol/L; fasting blood sugar 
(FBS)= 121 mg/dL; urea= 95 mg/dL; creatinine= 1.0 
mg/dL; Na= 146 mEq/L; K= 4.5 Eq/L; Mg= 2.6 Eq/L; Ca= 
8.1; phosphate= 2.9 mg/dL; aspartate aminotransferase 
(AST)= 116; alanine aminotransferase (ALT)= 299; white 
blood cell count (WBC)= 9720 c/µL; lymphocytes= 7.8%; 
Hb= 11 g/dL; platelet count= 140,000/µL; procalcitonin 
level= 0.17; interleukin-6 (IL-6)= 1.7 pg/mL; HbA1C= 7.7; 
albumin= 2.0 g/L; and C-reactive protein (CRP)= 60 mg/L. 

During the patient’s hospital stay, therapy was applied 

with suspicion of COVID-19, despite three negative PCR 

results. The antiviral therapy included chloroquine (400 

mg) daily, along with lopinavir/ritonavir (400/100 mg). 

However, because of severe involvement of the lungs and 

hypoxemia, daily intravenous immunoglobulin (30 mg of 

IVIG) was added to his regimen. Also, broad-spectrum 

antibiotic therapy was initiated for the patient to evaluate 

the cause of mental health deterioration. The lumbar 

puncture indicated WBC=0, red blood cell (RBC) 

count=250, protein=65 mg/dL (15-45 mg/dL), and 

adenosine deaminase (ADA)=12 U/L (up to 16 U/L). 

Over the next few days, the patient’s mental status and 

consciousness progressively deteriorated, leading to a 

Glasgow Coma Scale (GCS) score of four. Brain and lung 

CT scans were acquired, and an anti-inflammatory 

treatment was initiated. His neurological status 

exacerbated despite the improvement of oxygen level, 

clinical status, and radiological findings of lung 

involvement. Additional anti-inflammatory therapy, 

including dexamethasone and interferon β-1a, was 

applied. The level of IL-6 was measured to start 

administering blocking agents (1.7 pg/mL).  

The cerebrospinal fluid (CSF) was examined for 

cytology, culture, smear, bacterial profile, biochemistry, 

and PCR assay of COVID-19. The CSF analysis indicated 

normal results, while the PCR result of CSF and smear of 

bronchoalveolar lavage were negative. In the pulmonary 

CT scan, bilateral infiltrations were detected, and in the 

brain CT scan, multiple hypodense lesions were observed. 

At the center of the largest lesion, a hemorrhagic pattern 

was detected. Deterioration of the patient’s condition 

continued despite all therapies. Favipiravir was 

administered for the patient, but he died due to brain 

damage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Pattern of pulmonary and brain involvement of patient CT scan 

 

DISCUSSION 
The coronavirus family is categorized as neurotropic 

microorganisms (5). The viral particles of this family have 

been found in brain neurons. SARS-CoV-2 appears to be 

neurotropic, causing neurological symptoms, similar to 

other members of the coronavirus family (6-8). There are 

some theories explaining the mechanisms of neurological 

involvement in COVID-19: 

1) Direct invasion of the virus to the nervous            

system (9, 10); 

2) Entry to the nervous system through hematogenous 

pathways (9, 11); 

3) Peripheral nerves, similar to olfactory nerves, can 

facilitate viral entry (12, 13). They can be a possible 

route for the virus to enter the central nervous system 

and may be responsible for anosmia in patients with 

COVID-19 (14-16); 

4) Cerebrovascular events secondary to hypoxia, such as 

stroke; and 

5) The immunological pathway in severe and 

uncontrolled reactions of the immune system to SARS-
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CoV-2, systemic inflammatory response syndrome 

(SIRS), or cytokine storm with inflammatory cytokines, 

such as IL-6, can cause neurological and pulmonary 

injuries (17). 

Different neurological symptoms have been reported 

for COVID-19. In a previous study (3), 36% of patients had 

different neurological manifestations, which can be 

classified into three major groups: 1) musculoskeletal pain; 

2) involvement of the central nervous system; and 3) 

peripheral nervous system involvement. Symptoms can be 

as simple as headache, confusion, cognitive impairment, 

olfactory disorder, impaired taste, vision problems, ataxia, 

and muscular pain or as severe as seizure, ischemic stroke, 

demyelination, and encephalopathy (18, 19).  

Headache, an altered level of consciousness, paralysis, 

paresthesia, and seizure (20) are the most common 

neurological manifestations (12). These signs appear later 

than respiratory signs (18). In our patient, constitutional 

symptoms, such as fatigue, malaise, fever, and weakness, 

along with respiratory signs, such as cough and dyspnea, 

were the initial manifestations of the disease. In the first 

week, exacerbation of respiratory symptoms led to the 

patient’s hospitalization. During his hospital stay, 

progression of neurological manifestations and 

deterioration of mental status led to intubation. 

In our patient, the most probable cause of brain injury 

was a hypoxic state for days, although thromboembolic 

events could be also influential, and we cannot rule out 

this possibility. Also, immunological events with severe 

inflammatory responses, cytokine storms, and systemic 

hemophagocytic lymphohistiocytosis should be considered 

as possible causes of pulmonary and brain lesions. In a 

similar study in the United Arab Emirates, a case of 

COVID-19 with meningoencephalitis and intracerebral 

hemorrhage was reported (21).  

In our study, despite radiological and clinical 

manifestations of COVID-19 in the patient, the PCR assays 

of nasopharyngeal sample, bronchoalveolar fluid lavage, 

and CSF were all negative. According to a study in China 

on 1014 patients with COVID-19, the sensitivity of RT-PCR 

assay was estimated at 59%, whereas the sensitivity of 

pulmonary CT scan was almost 97%, which highlights the 

importance of clinical and radiological manifestations 

rather than laboratory tests (22). 

In our patient, a CT scan pattern of bilateral ground-

glass opacity was noticeable. Nevertheless, several 

negative PCR results can be confusing. The question arises 

as to what the possible causes of false negative results can 

be. According to the published data, up to 20% of RT-PCR 

results may be false negative (23). The following factors 

may be influential in the results of PCR assays: 1) How the 

sample is taken from the patient and how it may affect the 

genome of the virus; 2) the required amount of the sample; 

3) sensitivity of the diagnostic laboratory kit; 3) knowledge 

and accuracy of companies producing the kits about the 

unknown virus genomes; and 4) low viral load in the 

patient (23, 24). 

In several studies on patients with SARS-CoV-2 in CSF, 

there were no indications of CSF infection despite possible 

neurological manifestations. There are some theories 

explaining this finding. A latent immunologic response 

secondary to viremia can be the cause of the nervous 

system damages. Also, we should consider the low 

sensitivity of RT-PCR assays, delayed lumbar puncture, 

collection of fluid, and clearance of virus from CSF 

(13,25,25). The manifestations are often gradual and may 

appear without fever or cough, which can be confusing 

and lead to misdiagnosis. However, if a radiographic 

image is acquired from the patient’s lungs, severe lung 

tissue damage can be seen. In these patients, the PCR 

results are more likely to be negative (4). 

In more advanced stages of the disease, while 

immunological and inflammatory responses are triggered, 

systemic angiopathies, thromboembolic events, stroke, and 

even hemorrhagic encephalopathies may occur (27). In our 

patient, the only considerable finding of the CSF analysis 

was the elevated protein content. Also, in similar studies 

on the CSF of other COVID-19 patients, normal findings 

were reported (17). 
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In this case report, our patient receiving appropriate 

antiviral and anti-inflammatory therapies died secondary 

to brain injuries, despite the improvement of oxygen 

saturation and radiological findings of the lungs. In a 

retrospective study in Wuhan, China on 214 patients, 36% 

of cases showed neurological manifestations, and this 

number increased to 49% in more severe cases (3). It 

should be noted that the nervous system invasion may be a 

cause of mortality in patients. 

   

CONCLUSION 
It is known that SARS-CoV-2 can invade the nervous 

system. Although the frequency of respiratory 

manifestations was higher than neurological 

manifestations, they may be concomitant and lethal for the 

patient. Therefore, proper timing of antiviral and anti-

inflammatory therapies for patients can improve their 

overall status and prevent further pulmonary 

complications. Also, the central nervous system injuries 

can lead to death and increase the mortality rate of the 

disease. 
 

REFERENCES 
1.  Desforges M, Le Coupanec A, Dubeau P, Bourgouin A, Lajoie 

L, Dubé M, et al. Human coronaviruses and other respiratory 

viruses: underestimated opportunistic pathogens of the central 

nervous system?. Viruses 2020;12(1):14. 

2. Bohmwald K, Gálvez NMS, Ríos M, Kalergis AM. Neurologic 

Alterations Due to Respiratory Virus Infections. Front Cell 

Neurosci 2018;12:386.  

3. Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, et al. Neurologic 

Manifestations of Hospitalized Patients With Coronavirus 

Disease 2019 in Wuhan, China. JAMA Neurol 2020;77(6):1–9. 

4. Zhou Y, Li W, Wang D, Mao L, Jin H, Li Y, et al. Clinical time 

course of COVID-19, its neurological manifestation and some 

thoughts on its management. Stroke Vasc Neurol 

2020;5(2):177-179. 

5. Li YC, Bai WZ, Hirano N, Hayashida T, Hashikawa T. 

Coronavirus infection of rat dorsal root ganglia: 

ultrastructural characterization of viral replication, transfer, 

and the early response of satellite cells. Virus research 

2012;163(2):628-35. 

6. Baig AM, Khaleeq A, Ali U, Syeda H. Evidence of the COVID-

19 Virus Targeting the CNS: Tissue Distribution, Host-Virus 

Interaction, and Proposed Neurotropic Mechanisms. ACS 

Chem Neurosci 2020;11(7):995-998.  

7. Moriguchi T, Harii N, Goto J, Harada D, Sugawara H, 

Takamino J, et al. A first case of meningitis/encephalitis 

associated with SARS-Coronavirus-2. Int J Infect Dis 

2020;94:55-58.  

8. Russell B, Moss C, Rigg A, Hopkins C, Papa S, Van Hemelrijck 

M. Anosmia and ageusia are emerging as symptoms in 

patients with COVID-19: What does the current evidence say?. 

Ecancermedicalscience 2020;14:ed98.  

9. Koyuncu OO, Hogue IB, Enquist LW. Virus infections in the 

nervous system. Cell Host Microbe 2013;13(4):379-93.  

10. Leber AL, Everhart K, Balada-Llasat JM, Cullison J, Daly J, 

Holt S, et al. Multicenter Evaluation of BioFire FilmArray 

Meningitis/Encephalitis Panel for Detection of Bacteria, 

Viruses, and Yeast in Cerebrospinal Fluid Specimens. J Clin 

Microbiol 2016;54(9):2251-61. 

11. Desforges M, Le Coupanec A, Dubeau P, Bourgouin A, Lajoie 

L, Dubé M, et al. Human Coronaviruses and Other 

Respiratory Viruses: Underestimated Opportunistic Pathogens 

of the Central Nervous System? Viruses 2019;12(1):14.  

12. Saad M, Omrani AS, Baig K, Bahloul A, Elzein F, Matin MA, et 

al. Clinical aspects and outcomes of 70 patients with Middle 

East respiratory syndrome coronavirus infection: a single-

center experience in Saudi Arabia. Int J Infect Dis 2014;29:  

301-6. 

13. Helms J, Kremer S, Merdji H, Clere-Jehl R, Schenck M, 

Kummerlen C, et al. Neurologic Features in Severe SARS-

CoV-2 Infection. N Engl J Med 2020;382(23):2268-2270. 

14. Ding Y, He L, Zhang Q, Huang Z, Che X, Hou J, et al. Organ 

distribution of severe acute respiratory syndrome (SARS) 

associated coronavirus (SARS-CoV) in SARS patients: 

implications for pathogenesis and virus transmission 

pathways. J Pathol 2004;203(2):622-30.  



164   Neurological Manifestations of COVID-19 

Tanaffos 2020; 19(2): 160-164 

15. Gu J, Gong E, Zhang B, Zheng J, Gao Z, Zhong Y, et al. 

Multiple organ infection and the pathogenesis of SARS. J Exp 

Med 2005;202(3):415-24. 

16. Xydakis MS, Dehgani-Mobaraki P, Holbrook EH, Geisthoff 

UW, Bauer C, Hautefort C, et al. Smell and taste dysfunction 

in patients with COVID-19. Lancet Infect Dis 2020;20(9):1015-

1016.  

17. Espinosa PS, Rizvi Z, Sharma P, Hindi F, Filatov A. 

Neurological Complications of Coronavirus Disease (COVID-

19): Encephalopathy, MRI Brain and Cerebrospinal Fluid 

Findings: Case 2. Cureus 2020;12(5):e7930.  

18. Kim JE, Heo JH, Kim HO, Song SH, Park SS, Park TH, et al. 

Neurological Complications during Treatment of Middle East 

Respiratory Syndrome. J Clin Neurol 2017;13(3):227-233. 

19. Tsai LK, Hsieh ST, Chang YC. Neurological manifestations in 

severe acute respiratory syndrome. Acta Neurol Taiwan 

2005;14(3):113-9.  

20. Zanin L, Saraceno G, Panciani PP, Renisi G, Signorini L, 

Migliorati K, et al. SARS-CoV-2 can induce brain and spine 

demyelinating lesions. Acta Neurochir (Wien) 

2020;162(7):1491-1494.  

21. Al-Olama M, Rashid A, Garozzo D. COVID-19-associated 

meningoencephalitis complicated with intracranial 

hemorrhage: a case report. Acta Neurochir (Wien) 

2020;162(7):1495-1499.  

22. Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W, et al. Correlation 

of Chest CT and RT-PCR Testing for Coronavirus Disease 2019 

(COVID-19) in China: A Report of 1014 Cases. Radiology 

2020;296(2):E32-E40.  

23. Li D, Wang D, Dong J, Wang N, Huang H, Xu H, et al. False-

Negative Results of Real-Time Reverse-Transcriptase 

Polymerase Chain Reaction for Severe Acute Respiratory 

Syndrome Coronavirus 2: Role of Deep-Learning-Based CT 

Diagnosis and Insights from Two Cases. Korean J Radiol 

2020;21(4):505-508.  

24. Hornuss D, Laubner K, Monasterio C, Thimme R, Wagner D. 

COVID-19-assoziierte Pneumonie trotz persistierend 

negativen PCR-Tests aus oropharyngealen Abstrichen 

[COVID-19 associated pneumonia despite repeatedly negative 

PCR-analysis from oropharyngeal swabs]. Dtsch Med 

Wochenschr 2020;145(12):844-849. 

25. Panciani PP, Saraceno G, Zanin L, Renisi G, Signorini L, 

Battaglia L, et al. SARS-CoV-2: "Three-steps" infection model 

and CSF diagnostic implication. Brain Behav Immun 

2020;87:128-129.  

26. Ye M, Ren Y, Lv T. Encephalitis as a clinical manifestation of 

COVID-19. Brain Behav Immun 2020;88:945-946. 

27. Poyiadji N, Shahin G, Noujaim D, Stone M, Patel S, Griffith B. 

COVID-19-associated Acute Hemorrhagic Necrotizing 

Encephalopathy: Imaging Features. Radiology 

2020;296(2):E119-E120.

 


