
INTRODUCTION

The coronavirus disease 2019 (COVID-19) is a respiratory tract 
infection caused by the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2). Besides the lungs, COVID-19 also affects 
other organs such as kidneys, liver, heart, and brain [1]. Neurologi-

cal alterations associated with SARS-CoV-2 infection include an-
osmia, headache, loss of consciousness, ischemic stroke, meningo-
encephalitis, and microhemorrhage [2]. The coronavirus family has 
tropism for the Central Nervous System (CNS) [3]. However, there 
is not yet solid evidence demonstrating that the neurological effects 
of COVID-19 result from direct viral infection or neuroinflamma-
tion associated with systemic inflammation and cytokine storm. 
Herein, we examine the cytokine profile of cerebrospinal fluids 
(CSF) from two patients with cerebrovascular disease concurrent 
with COVID-19, admitted to the Neurosurgery Department of 
the General Hospital of Mexico. We found high levels of numer-
ous proinflammatory cytokines, especially interleukin (IL-) 8 and 
monocyte chemoattractant protein-1 (MCP-1). Although the pres-
ence of SARS-CoV-2 was confirmed in the airway epithelium by 
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erbated inflammatory response instead of SARS-CoV-2 direct invasion to CNS. These results suggest that neuroinflammation plays a key role in 
cerebrovascular disease and COVID-19.
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real time-polymerase chain reaction (RT-PCR), we did not detect 
expression of viral particles in CSF of both patients.

CASES REPORT

Case 1

A 54-year old female, with no metabolic disorders or previous 
surgeries reported, and medical history of chronic obstructive 
pulmonary disease of 12 years of evolution, treated with nebu-
lized salbutamol as needed. The relatives reported she had mild 
to moderated headache the last four days, balance impairment, 
and generalized weakness, although the presence of neurological 
symptoms associated to COVID-19 such as anosmia and dys-

geusia were denied. She was admitted to emergency room with 
sudden loss of consciousness with the following vital signs: BP 
(110/80 mmHg), HR (80 bpm), BF (18 bpm), body temperature 
(36.1℃), and a Glasgow Coma Scale (GCS) of 6 points (eye open-
ing: 2 points, verbal response: 2 points, and motor response: 2 
points) so we started airway management. The cranial computed 
tomography (CT) scan revealed cerebrovascular disease (CVD) 
characterized by acute intra-axial hemorrhage in the left cerebellar 
hemisphere associated with peripheral edema, which obliterated 
cortical subarachnoid spaces and cisternae of the posterior fossa 
and bulges the tentorium (Fig. 1A); hemorrhage extended into the 
fourth ventricle, which were displaced and compressed to the con-
tralateral direction (Fig. 1A). Likewise, the hemorrhage extended 

Fig. 1. Cranial and chest CT of patients with cerebrovascular disease and COVID-19. (A) cranial CT in sagittal reconstruction scan showing acute 
hemorrhage in the left cerebellar hemisphere with fourth ventricle compromise and basal cisternae obliteration, diffuse cerebral edema, obliterated sub-
arachnoid space in posterior fose, and intraventricular hemorrhage. (B) Chest CT scan in Axial lung window showing several nodules with well-defined 
and irregular borders. (C) Cranial CT scan, at hospital admission, showing diffuse subarachnoid hemorrhage, spreading through both lateral sulcus 
predominantly to right side, and the perimesencephalic cisterns; incipient level in hematic range is also observed in the left ventricular inferior horn. (D) 
Chest CT scan in axial lung window showing homogenous lung parenchyma. Red arrows show sites of hemorrhage (A, C) and pulmonary infiltration (B).
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to the choroid plexuses of the supratentorial ventricles and led to 
obstructive hydrocephalus. The cortical subarachnoid spaces and 
supratentorial basal cisterns were obliterated (Fig. 1A). Measure-
ment of laboratory parameters showed high leucocyte and neutro-
phil counts, whereas lymphocyte and monocyte counts decreased. 
She also presented high serum levels of glucose, total cholesterol, 
indirect bilirubin, gamma glutamyl transferase (GGT), creatinine 
kinase myocardial band (CK-MB), fibrinogen, D-dimer, and pro-
calcitonin. There was no concluding evidence of COVID-19 in 
chest CT scan (CO-RADS III) (Fig. 1B), and then the presence of 
SARS-CoV-2 mRNA was confirmed by RT-PCR in nasopharyn-
geal swabs. Urgent right-sided precoronal ventriculostomy was 
performed. The patient presented clinical findings concurring 
with brain death immediately after postoperative period, and she 
died 24 hours later because of cardiopulmonary arrest.

Case 2

A 45-year-old male, with no metabolic disorders or previous 
surgeries, and medical history of ankylosing spondylitis diagnosed 
23 years ago, under treatment with acetaminophen, diclofenac, 
and methylprednisolone. After reporting an undefined seizure 
accompanied by psychomotor agitation and disorientation one 
hour after awakening, he was admitted to the emergency room 
with vital signs at admission: BP (130/90 mmHg), HR (90 bpm), 
BF (20 bpm), and body temperature (36.5℃) and GCS of 14 
points (eye opening: 4 points, verbal response: 4 points, and motor 
response: 6 points). The relatives reported that the patient did not 
present any neurological symptom associated with COVID-19 
such as anosmia or dysgeusia. The cranial computed tomography 
(CT) scan revealed CVD characterized by diffuse subarachnoid 
hemorrhage (Fisher IV), with WFNS I and HUNT & HESS I (Fig. 
1C). The cerebral parenchyma was heterogeneous due to the pres-
ence of hyperdense areas in the hematic range, the subarachnoid 
space, and the grooves of the parietal lobes that extended into 
the predominantly right Silvio fissures. The CT scan also showed 
increased density of interhemispheric fissure and round mor-
phology image. The ventricular system was predominant at the 
temporal level, wherein incipient periventricular hypodensity and 
density in the hematic range on the left side were found. In digital 
cerebral angiography, a saccular aneurysm in the right A1 segment 
was evidenced. Twelve hours later, he presented sudden neurologi-
cal impairment, thus we decided to perform a second cranial CT 
scan in which we found left middle cerebral artery stroke with 
areas of hemorrhage of acute-subacute stage at the left temporopa-
rietal level and the body of the ipsilateral caudate nucleus. Hematic 
density inside the left lateral ventricle, at the level of the occipital 
horn was observed. Laboratory parameters revealed leukocytosis, 

lymphopenia, accompanied by high levels of fibrinogen and D-
dimer concurring with SARS-CoV-2 infection (Table 1). Chest 
CT scan showed no typical anomalies (CO-RADS I) (Fig. 1D); 
however, RT-PCR in nasopharyngeal swabs confirmed the pres-
ence of SARS-CoV-2 mRNA. After two weeks of having received 
conservative treatment, the patient exhibited a negative RT-PCR 
test result for SARS-CoV-2. Then, left-sided pterional craniotomy 

Table 1. Biochemical and immunological parameters of the patients

Parameters Case 1 Case 2
Reference 

range in CSF

Glucose (mg/dl) 161.00 122.00 74-106
Total cholesterol (mg/dl) 236 175 <200
Triglycerides (mg/dl) 96 157 <150
Indirect bilirubin (mg/dl) 0.42 0.36 <0.2
GGT (IU/L) 50.00 57.00 M<55 W<38
CK-MB (IU/L) 58.00 9.00 <24
Fibrinogen (mg/dl) 383.00 562.00 200-400
Dimer-D (Ug/L)* 14,760 4,304 0-550
Procalcitonin (ng/ml) 0.06 0.06 <0.01
Leucocytes (×10e3/ul) 12.10 15.70 4.5-10
Neutrophils (×10e3/ul) 11.30 14.20 3-7
Lymphocytes (×10e3/ul) 0.70 0.9 1-3
Monocytes (×10e3/ul) 0.100 0.500 0.3-0.8
IL-1β (pg/ml) 18.95 10.00 <4
IL-10 (pg/ml) 32.38 9.79 2.82-5.30
IL-13 (pg/ml) 9.76 6.11 Undetectable
IL-6 (pg/ml) 202.88 24.48 1.11
IL-12 (pg/ml) 322.99 15.87 3.58
RANTES (pg/ml) 261.50 45.15 5.43-226.8
Eotaxin (pg/ml) 75.47 55.06 0.849
IL-17 (pg/ml) 23.29 5.06 1-6
MIP-1α (pg/ml) 317.46 25.00 10.62±6.85
GMC-SF (pg/ml) 6.84 5.66 Undetectable
MIP-1β (pg/ml) 58.06 10.0 4.69/10.3
MCP-1 (pg/ml)* 15,000 337.51 160
IL-15 (pg/ml) 296.44 45.00 3.51
IFN-γ (pg/ml) 11.90 10.0 <0.3
IFN−α(pg/ml) 2,129.62 95.29 2.14
IL-1RA (pg/ml) 382.11 16.71 25.00
TNF-α (pg/ml) 16.00 12.00 <4/1.51-2.11
IL-2 (pg/ml)* 4.51 3.00 70.62±1.1
IL-7 (pg/ml) 89.26 63.40 1.35
IP-10 (pg/ml) 468.07 51.97 2.46-4.07
IL-2R (pg/ml) 56.68 7.11 28.2±3.2
MIG (pg/ml) 20.46 9.99 6
IL-4 (pg/ml) 31.19 3.87 Undetectable
IL-8 (pg/ml)* 62,680.36 377.67 67.5-96.4

*The most apparent differences between cases and reference range are 
shown. 
GGT, gamma-glutamyl transpeptidase; CK-MB, creatine kinase MB; IL, 
interleukine; MIP 1α/β, Macrophage Inflammatory Protein 1-Alpha/Beta; 
GMC-SF, Granulocyte Macrophage Colony-Stimulating Factor; MCP-1, 
monocyte chemoattractant protein-1; IFN-γ/α, interferon gamma/alpha; 
TNF-α, tumor necrosis factor-alpha; IP-10, interferon gamma-induced 
protein 10; MIG, monokine induced by interferon-gamma. 
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and aneurysm clipping surgery was performed. He was hospital 
discharged due to improvement two weeks after surgery, with nor-
mal vital signs as follows: BP (120/70 mmHg), HR (70 bpm), BF (18 
bpm), and body temperature (36.5℃).

Both patients were admitted to the emergency department be-
cause of neurological symptoms rather than respiratory complica-
tions associated with SARS-CoV-2 infection. The relatives of the 
patients provided written informed consent, previously approved 
by the Institutional Ethical committee of the General Hospital of 
Mexico, which guaranteed that the study was conducted in rigor-
ous adherence to the principles described in the 1964 Declaration 
of Helsinki and its posterior amendment in 2013. Cranial and 
chest CT scans were obtained from the Carestream Viu Motion 
software v.12.1.5.7 from the digital electronic file of the General 
Hospital of Mexico. 

The CSF sample was obtained during surgery by ventricular 
shunt for case 1, whereas the CSF sample was obtained by lumbar 
puncture at admission for case 2. Viral particles of SARS-CoV-2 
including spike S1 protein (S), nucleocapsid (N), envelope (E), 
and RNA-dependent RNA polymerase (RdRp) were analyzed 
in CSF by RT-PCR using the next primer sequences: S (forward: 
GCTGGTGCTGCAGCTTATTA; reverse: AGGGTCAAGTG-
CACAGTCTA ), N (forward: CAATGCTGCAATCGTGCTAC; 
reverse: GTTGCGACTACGTGATGAGG ), E (forward: TTCG-
GAAGAGACAGGTACGTTA; reverse: AGCAGTACGCACA-
CAATCG ), RdRp (forward: AGAATAGAGCTCGCACCGTA; 
reverse: CTCCTCTAGTGGCGGCTATT), 18S (forward: CGGC-
TACCACATCCAAGGAA; reverse: GCTGGAATTACCGCG-
GCT). All tests were performed following the next thermocycling 
steps: 95℃ for 10 minutes, 95℃ for 15 seconds, 60~63℃ for 30 
seconds (depending on the primer sequence), 72℃ for 45 seconds, 
and a final extension step of 72℃ for 7 minutes, after reaching 50 
cycles.

Although RT-PCR test in nasopharyngeal swabs confirmed 
the SARS-CoV-2 infection in Case 1 (CT=35.09) and Case 2 
(CT=35.17), the expression of S, N, E, and RdRp RNA was not de-
tected in CSF from both patients.

The cytokine analysis was performed using the Human Cytokine 
Magnetic 25-Plex Panel (Life technologies, Frederick, MD, USA) 
following the manufacturer’s instructions. Results were analyzed 
in the MILLIPLEXTM Analyst 5.1 Flex software. CSF samples from 
both patients revealed that levels of IL-6, IL-12, eotaxin, IL-17, 
MIP-1a, GMC-S, MIP-1b, MCP-1, IL-15, IFN-γ, IFN-α, TNF-α, 
IL-7, MIG, and IL-8 were dramatically higher than those found 
in reference values. However, IL-8 and MCP-1 showed the most 
impressive elevations in Case 1 as compared to Case 2. In fact, the 
Case 1 exhibited 166- and 44-fold increases in IL-8 and MCP-1, 

respectively, with respect to Case 2. IL-2 was the only cytokine be-
low reference values (Table 1).

DISCUSSION

Cases with SARS-CoV-2 infection-related neurological com-
plications are increasing; thus a thorough evaluation of the CNS 
should be considered in patients with COVID-19. Therefore, 
patients should provide CSF biopsy, which is a minimally inva-
sive form to obtain a CNS tissue sample. The presence of SARS-
CoV-2 in CSF has been documented only in a few COVID-19 
patients with neurological symptoms [4]. In this sense, Meinhardt 
and coworkers proposed that SARS-CoV-2 may enter the CNS 
via the neural-mucosal interface in olfactory mucosa in the nose, 
allowing its detection in CSF by means of RT-PCR [5]. In parallel, 
another study in mice reported that spike S1 protein can cross the 
blood brain barrier, reaching the CSF of the CNS [6]. However, 
in this study we were not able to detect the SARS-CoV-2 in CSF 
by RT-PCR, even though the same molecular test in nasopharyn-
geal swabs confirmed the presence of SARS-CoV-2 in the airway 
epithelium of both patients. Nevertheless, the fact that we did not 
detect SARS-CoV-2 mRNA in CSF samples does not confirm the 
absence of the virus in the CNS and further studies are needed. 
On the contrary, the cytokine storm was clearly evidenced in CSF, 
which presumably associates with the neurological symptoms ac-
companying COVID-19 [7].

Recently, Mousa-Ibrahim and cols [8] reported intracranial 
hemorrhage as well as thrombosis within six COVID-19 patients. 
Moreover, in an exceptional review study, Pramitasuri and cols. 
show that ischemic stroke is more frequent than intracerebral 
hemorrhage in SARS-CoV-2 patients. However, ischemic stroke in 
the context of SARS-CoV-2 infection more frequently evolved to 
hemorrhage than conventional ischemic stroke, which associates 
with increased mortality and worst outcome [9].

The relationship between SARS-CoV-2 infection and CVD lies 
in the ability of the virus to lead to hypercoagulable states that in 
turn increases fibrin deposition and D-dimer elevation [10]. Upon 
binding to the angiotensin-converting-enzyme (ACE2) receptor 
in brain capillary endothelial cells, SARS-CoV-2 causes cerebral 
endothelial damage that in turn leads to the development of in-
tracranial hemorrhage, release of subintimal collagen, and platelet 
aggregation associated with clot production [11]. In the present 
study, we did not evaluate directly the brain capillary endothelium; 
however, we found no evidence of SARS-CoV-2 mRNA in CSF 
from both patients by RT-PCR. Therefore, it is feasible that cere-
brovascular events observed in these patients were caused by an 
exacerbated proinflammatory response in the CNS. In this sense, 
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our data show that both patients had intracranial hemorrhages 
presumably related to COVID-19, characterized by increased CSF 
levels of cytokines associated with CNS inflammation such as IL-
1β, IL-6, TNF-α and IFN-γ, and extremely high concentrations of 
IL-8 and MCP-1.

IL-8 also referred to as CXCL8, is an important chemoattractant 
of neutrophils with the ability to eliminate cells infected with 
virus or bacteria, which in turn leads to collateral tissue injury. 
In a normal physiological state, IL-8 is scantly expressed in the 
CNS; however, IL-8 increases in several neurological pathologies 
such as ischemic brain injury, stroke, and traumatic brain injury. 
After ischemic brain damage, IL-8 increases first in CSF, induc-
ing elevation of this cytokine in plasma, which results in systemic 
inflammation and persistent damage to CNS [12]. Likewise, MCP-
1 also referred to as CCL2, is an important chemokine with the 
ability to recruit a wide variety of leukocytes such as macrophages 
and monocytes toward damaged tissues [13]. Similarly to IL-8, in-
creased MCP-1 levels have been involved in neurological patholo-
gies such as multiple sclerosis (MS), cerebral stroke, and traumatic 
brain injury [12].

Previous studies in Alzheimer Disease (AD) show that brain mi-
crovessels can release high levels of thrombin and IL-8, promoting 
the formation of neutrophil extracellular traps (NETs). In cerebral 
capillaries of AD patients, thrombin induces the expression of 
IL-8, thus contributing to the intravascular NETosis. Likewise, 
the MCP-1/CCR2 axis promotes migration of monocytes to the 
vascular endothelium of the CNS with the aim of clearing amyloid 
peptides in AD patients [14]. Despite the function of IL-8 and 
MCP-1 in the COVID-19-related cytokine storm has been widely 
studied, the role of these cytokines in the neurological dysfunction 
associated with COVID-19 is not fully elucidated. 

Neutrophilia is a recurrent hallmark of acute infection in CO-
VID-19 patients that leads to the formation of NETs, which are 
composed by networks of DNA, histones, and proteolytic enzymes 
that normally function in response to pathogens. Histones of 
NETs activate the coagulative kallikrein-kinin system and platelets, 
which present the High Mobility Group protein B1 (HMGB1) to 
neutrophils, stimulating NET formation. Once NETs bind to the 
endothelium, they compromise its integrity by the recruitment of 
more neutrophils, producing endothelial damage [15, 16].

Interestingly, in patients with ischemic strokes due to COVID-19 
the role of NETs has a pivotal importance. Additionally, it is be-
lieved that neuroinflammation observed in stroke-related CO-
VID-19 associates with the cytokine storm, wherein IL-1β appears 
to play a pivotal role. IL-1β is able to induce the expression of IL-17 
and IL-6, which in turn can interact with astrocytes, microglia, and 
neurons, intensifying the cytokine storm and favoring the recruit-

ment of neutrophils and macrophages to cerebral parenchyma 
via HMGB1 protein [17]. In this scenario, IL-8 and MCP-1 might 
also contribute to neuroinflammation by recruiting neutrophils 
and macrophages to the vascular endothelium of the brain, favor-
ing endothelial damage, NET formation, and the hypercoagulable 
state.

Despite we cannot precise whether high levels of IL-8 and MCP-
1 are a cause or consequence of CVD in COVID-19 patients, this 
information supports the role of these cytokines in aggravating the 
severity of the intracranial hemorrhages in patients with SARS-
CoV-2 infection.

Identification of the cytokine profile in CSF of patients with 
CVD concurrent with COVID-19 may allow starting a timely 
anti-inflammatory pharmacological approach. The use of drugs 
that inhibit the IL-8 and MCP-1-dependent signaling pathways 
may help reduce exacerbation of the inflammatory response in 
patients with COVID-19, thus decreasing the magnitude of the 
neurological damage. For this reason, we propose to conduct clini-
cal trials aimed to test the efficacy of Tofacinitib and Reparaxyn 
in hyper-inflamed COVID-19 patients. Tofacinitib is an inhibitor 
of the JAK-STAT signaling pathway that indirectly obstructs the 
action of proinflammatory cytokines and chemokines such as IL-
6, IL-8, MCP-1, MMP3, and MMP2/9 [18]. In parallel, Reparaxyn 
is an inhibitor of CXC chemokines receptor types 1 (CXCR1) and 
2 (CXCR2), which becomes more relevant in patients with CO-
VID-19 that show marked neutrophilia.

In conclusion, we outlined the cytokine profile in CSF of patients 
with CVD concurrent with COVID-19. Our findings suggest 
that CNS damage may result from the excessive inflammatory 
response mediated by IL-8 and MCP-1, instead of being caused by 
direct infection of SARS-CoV-2 to the CNS.
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