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Serum glial-derived neurotrophic factor and 
nerve growth factor levels in patients with 
COVID-19

Hladiny neurotrofi ckého faktoru odvozeného 

od gliových buněk a nervového růstového 

faktoru v séru u pacientů s onemocněním 

COVID-19

Abstract
Introduction and objective: The new type of coronavirus (COVID-19) causes high fever, fatigue, 

cough, respiratory distress, diarrhea, headache in some patients, cerebrovascular diseases, 

unconsciousness, encephalopathy, encephalitis, peripheral nervous system damage, etc. It is 

a viral respiratory disease that manifests itself with neurological fi ndings. In our study, glial-derived 

neurotrophic factor (GDNF) and nerve growth factor (NGF) levels of neurotrophic factors (NF), 

which ensure the survival, growth, maturation and diff erentiation of neurons were investigated 

in COVID-19 patients, including their relationship with the severity of the disease. Materials and 
methods: Out of a total of 70 participants, 20 participants are in the healthy control group (CG) and 

50 participants are in the group of patients with COVID-19 according to PCR test (uncomplicated 

group [NCG], moderately severe group [MG], severe group [SG]). Serum NGF and GDNF levels in 

all groups were evaluated spectrophotometrically using ELISA kits. The results were compared 

both between the patient groups and between the patient and healthy control groups. Results: 
Serum NGF concentration was signifi cantly higher in the MG group than in the NCG and the SG 

group (P = 0.042). No statistically signifi cant diff erence was found in serum GDNF levels in COVID-19

patients and CG. Conclusion: There was no diff erence in serum NGF and serum GDNF levels in 

COVID-19 patients compared to the healthy control group.

Souhrn
Úvod a cíl: Nový typ koronaviru (COVID-19) způsobuje vysokou horečku, únavu, kašel, dechové 

potíže, průjmy, u některých pacientů bolesti hlavy, cerebrovaskulární onemocnění, bezvědomí, 

encefalopatii, encefalitidu, poškození periferního nervového systému atd. Jedná se o virové 

respirační onemocnění, které se projevuje neurologickými nálezy. V naší studii byly zkoumány 

hladiny neurotrofi ckého faktoru odvozeného od glií (glial-derived neurotrophic factor; GDNF) 

a nervového růstového faktoru (nerve growth factor; NGF) neurotrofi ckých faktorů (NF), které 

zajišťují přežití, růst, zrání a diferenciaci neuronů u pacientů s COVID-19 a jejich vztah se závažností 

onemocnění. Materiál a metody: Z celkového počtu 70 účastníků je 20 účastníků ve zdravé kontrolní 

skupině (CG) a 50 účastníků je ve skupině pacientů s COVID-19 dle PCR testu (nekomplikovaná 

skupina [NCG], středně těžká skupina [MG], těžká skupina [SG]). Hladiny NGF a GDNF v séru ve 

všech skupinách byly hodnoceny spektrofotometricky pomocí metody ELISA. Výsledky byly 

porovnány jak mezi skupinami pacientů, tak mezi pacienty a kontrolní (zdravou) skupinou. 
Výsledky: Koncentrace NGF v séru byla signifi kantně vyšší ve skupině MG než ve skupinách NCG 

a SG (p = 0,042). U sérových hladin GDNF u pacientů s COVID-19 a CG nebyly zjištěny statisticky 

významné rozdíly. Závěr: Nebyl zjištěn žádný rozdíl v sérových hladinách NGF a sérových hladinách 

GDNF u pacientů s onemocněním COVID-19 ve srovnání se zdravou kontrolní skupinou.
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Introduction
COVID-19, severe acute respiratory syn-

drome (SARS) or coronavirus 2 (SARS-CoV-2), 

continues to spread rapidly, aff ecting the 

world since December 2019. Although 

it was known that lungs and heart were 

among the organs aff ected by the virus at 

the beginning, studies have shown the de-

structive effect of the virus in many sys-

tems and organs, including the cent-

ral (CNS) and peripheral nervous system 

(PNS) [1].

There are many unclarified questions re-

garding the neurological symptoms of 

COVID-19. Headaches, ataxia, impaired con-

sciousness, dizziness, encephalitis, enceph-

alopathy, acute cerebrovascular disease, and 

CNS diseases such as seizures are among the 

symptoms. PNS symptoms include loss of 

taste and smell, visual disturbances and neu-

romuscular disorders [2]. SARS-CoV-2 was de-

tected in studies performed with genomic 

sequencing with samples taken from the 

cerebrospinal fluid (CSF) of COVID-19 pa-

tients who developed encephalitis, and it 

has been shown that the virus can invade 

the CNS [3]. It is thought that the virus, which 

is known to invade cells through the angio-

tensin converting enzyme 2 (ACE2) recep-

tor, which is also expressed by glial cells and 

neurons, can aff ect the CNS with the same 

receptor [1].

Nerve growth factor (NGF) is the fi rst dis-

covered member of the neurotrophin (NT) 

family. In addition, other NTs consist of brain-

derived neurotrophic factor (BDNF), NT-3, 

and NT-4/ 5 [4]. NGF is a homodimeric poly-

peptide and consists of 121 amino acid res-

idues. It is known that NGF has a very im-

portant role in processes such as tissue 

proliferation and differentiation, neuronal 

angiogenesis/ apoptosis and brain develop-

ment [5]. Another neurotrophic factor iden-

tified following NGF is BDNF, which was iso-

lated from the pig brain. It is released from 

glial cells and glutamatergic neurons in the 

cortex, hippocampus, hypothalamus and 

cerebellum, where it is found in high con-

centrations [6]. Many studies report that 

BDNF levels are low in diseases associated 

with loss of cognitive functions, in anxiety, 

depression, Alzheimer’s disease and schiz-

ophrenia etc. [7–11]. In addition to this, the 

role of glial-derived neurotrophic factor 

(GDNF) in maintaining the vitality of both 

dopaminergic neurons and noradrenergic 

neurons has been emphasized in the re-

cent studies [12]. Monocytes, macrophages, 

mast cells, T- and B-cells express NGF dur-

ing the inflammatory response [13]. Neu-

rological symptoms such as disturbance 

of consciousness, dizziness, headache, 

etc., which are symptoms of COVID-19, are 

thought to be related to the production 

of NFs [14].

Although it is known that the symptoms 

seen in COVID-19 cases aff ect the respiratory 

tract, it has been revealed that the virus af-

fects other systems, especially the nervous 

system, and sometimes only the nervous 

system. In our study, we investigated how 

the COVID-19 disease infl uenced GDNF and 

NGF serum levels.

Materials and methods
Participants from a previous study formed 

the sample group for our present investiga-

tion [15]. Overall 50 patients (patient group; 

PG) with a positive reverse transcription pol-

ymerase chain reaction (RT-PCR) test for 

COVID-19 and 20 healthy volunteers (healthy 

control group; CG) who had no complaints 

and were negative for COVID-19 RT-PCR 

were included. All COVID-19 cases were 

evaluated according to national guidelines. 

COVID-19 patients were classified according 

to the criteria given in Tab. 1. On the fi rst day 

of hospitalization, blood was collected from 

all patients in the moderately severe group 

(MG) and severe group (SG). In order to as-

sess symptoms of stress-induced fatigue dis-

order, participants were interviewed and 

asked to fi ll out a self-reporting symptom 

questionnaire as well as the Karolinska Ex-

haustion Disorder Scale. The symptom ques-

tionnaire includes patients demographic 

characteristics, length of hospital stay and 

perceived severity of illness. Patients also re-

ported neurological symptoms such as fa-

tigue, “brain fog” and changes in cognition 

(i.e., memory or concentration), headache, 

dizziness.

Experimental procedure

Blood samples taken from the patients who 

applied to the Atatürk University Research 

Hospital Infectious Diseases Department 

were sent to the hospital laboratory for rou-

tine analysis and also centrifuged and their 

serum was separated, and all serum samples 

were stored at –80 °C until the study day. 

Serum NGF and GDNF analysis

Serum NGF concentrations were analyzed 

with the human-specifi c NGF/ NGF- ELISA 

kit PicoKine (cat. no. EK0469; Boster Biologi-

cal Technology, Pleasanton, CA, USA). Serum 

Tab. 1. Classifi cation of healthy and COVID-19 subgroups.  

Group Criterion

healthy control group (CG)
quantitative RT-PCR (nasopharyngeal swab samples) negative

no CT fi nding in favor of pneumonia

patient group (PG)

uncomplicated 

group (NCG)

no respiratory distress

fever, cough, muscle and joint pain, sore throat

respiration rate < 24 min, SpO
2
 > 93% chest X-ray and/or lung tomography normal

moderately severe 

group (MG)

fever, cough, muscle ant, joint pain, sore throat

respiratory rate < 30/min, SpO
2
 > 90%

patients with mild to moderate signs of pneumonia on chest X-ray or CT

severe group (SG)

fever, cough, muscle and joint pain, sore throat

tachypnea (respiratory rate ≥ 30/min), SpO
2
 ≤ 90% in room air, and bilateral diff use 

pneumonia fi ndings on chest X-ray or CT

RT-PCR – reverse transcription polymerase chain reaction
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GDNF concentrations were analyzed with 

the human-specifi c GDNF ELISA kit PicoKine 

(cat. no. EK0362; Boster Biological Technol-

ogy). All spectrophotometric measurements 

were done using a microplate reader spec-

trophotometer BioTek (XS-Wave Power, 

Winooski, VT, USA). Neutrophils (NE), lym-

phocytes (LY), and C-reactive protein (CRP) 

values were evaluated using a clinical chem-

istry analyzer.

Statistical analysis

The SPSS 21.0 (IBM SPSS Statistics for Win-

dows, Version 20.0. [IBM Corp., Armonk, NY, 

USA] released 2012) package program was 

used for statistical analysis. The data were 

presented as mean, standard deviation, me-

dian (minimum-maximum), and number. 

A Kolmogorov-Smirnov test was used to de-

termine signifi cance and homogeneity of the 

data. A Student‘s T-test was used in paired 

group comparisons and an ANOVA test was 

used in triple group comparisons for nor-

mally distributed data. A Pearson correlation 

test was used for correlation evaluation. The 

level of statistical signifi cance for all data was 

P < 0.05.

Results
Demographic characteristics of the PG and 

CG are shown in Tab. 2. There was no sta-

Tab. 2. Demographic characteristics of COVID-19 patients and control group. 

PG
CG (N = 20)

variables NCG (N = 18) MG (N = 20) SG (N = 12) total PG (N = 50)

sex
male 13 11 4 28 10

female 5 9 8 22 10

age (years) min-max 22–72 23–74 39–72 47.5–15.7 22–77

hospitalization length (days) min-max 6–20 6–20 9–22 6–22 –

neurologic symptoms

fatigue – 5 7 12 –

changes in cognitive functions – 4 5 9 –

headache 4 7 4 15 –

dizziness – 3 5 8 –

MG – moderately severe group; CG – healthy control group; N – number; NCG – uncomplicated group; PG – COVID-19 patient group; SG – 

severe group 
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Fig. 1. Boxblot graph of serum GDNF levels in COVID-19 
patients and control group.
CG – healthy control group; GDNF – glial-derived neurotrophic fac-

tor; PG – COVID 19 patient group

Obr. 1. Krabicový graf hladin sérového GDNF u pacientů 
s COVID-19 a kontrolní skupiny. 
CG – zdravá kontrolní skupina; GDNF – gliální neurotrofní faktor; 

PG – pacienti s onemocněním COVID-19

group
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Fig. 2. Boxblot graph of serum NGF levels in COVID-19 patients 
and control group.
CG – healthy control group; NGF – nerve growth factor; 

PG – COVID 19 patient group

Obr. 2. Krabicový graf hladin sérového NGF u pacientů 
s COVID-19 a kontrolní skupiny. 
CG – zdravá kontrolní skupina; NGF – nervový růstový faktor;

PG – pacienti s onemocněním COVID-19
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tistical diff erence between the mean age 

of the PG and the CG (P = 0.864). 45.7% of 

participants were females, while 54.3% 

were males. According to the survey re-

sults, 12 out of 50 COVID-19 patients had 

fatigue, 9 had changes in cognitive func-

tions, 15 had headache and 8 had dizziness 

(Tab. 2).

There was no statistical difference in 

serum GDNF and NGF concentrations be-

tween the PG and the CG (P = 0.891 and 

P = 0.86, respectively) (Fig. 1 and 2). Serum 

NGF levels in the MG subgroup were statis-

tically signifi cantly higher than in the NCG 

and SG subgroups (P = 0.042). The boxblot 

graphs of the GDNF and NGF levels in the 

particular COVID-19 subgroups are shown in 

Fig.  3 and 4.

No diff erence was observed between the 

COVID-19 subgroups and the CG in the NE 

count. LY count was found to be signifi cantly 

lower in the PG than in the CG (P = 0.049 and 

P = 0.001, respectively). In our study, it was 

observed that as the clinical picture wors-

ened in the COVID-19 subgroups, the CRP 

level increased and this increase reached 

a signifi cant diff erence (P = 0.001). Results of 

bio chemical measurements in all groups are 

shown in Tab. 3. 

Discussion
In the reported cases of COVID-19, it has 

been reported that the virus affects not 

only the respiratory tract, but also other 

organ systems, especially the vascular sys-

tems, and most importantly, the nervous 

system. The symptoms in these cases are 

quite diff erent from person to person. While 

the disease does not cause any symptoms 

in some cases, in some of them, it can be 

very severe. It is known that GDNF has 

a neuroprotective eff ect on dopaminergic 

and serotonergic neuron survival, prevent-

ing oxidative damage and playing a role in 

neuroinfl ammation [16]).

In our study, COVID-19 patients were di-

vided into subgroups according to the se-

verity of the disease, and serum GDNF 

and NGF levels were evaluated in all sub-

groups. In our study, we found no statisti-

cally signifi cant diff erence in serum GDNF 

and NGF levels between the PG and the CG. 

However, serum NGF levels in the MG sub-

group were statistically signifi cantly higher 

than in the NCG and SG subgroups. In addi-

tion, among the routine bio chemistry tests, 

the number of LY was signifi cantly lower in 

the PG.

groups
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Fig. 3. Boxblot graph of serum GDNF levels in COVID-19 subgroups and control group.
CG – healthy control group; GDNF – glial-derived neurotrophic factor; MG – moderately se-

vere group; NCG – uncomplicated group; SG – severe group

Obr. 3. Krabicový graf hladin sérového GDNF u pacientů v podskupinách COVID-19 
a kontrolní skupině. 
CG – zdravá kontrolní skupina; GDNF – gliální neurotrofní faktor; MG – středně těžká skupina; 

NCG – nekomplikovaná skupina; SG – těžká skupina

groups
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Fig. 4. Boxblot graph of serum NGF levels in COVID-19 subgroups and control group.
CG – healthy control group; MG – moderately severe group; NCG – uncomplicated group; 

NGF – nerve growth factor; SG – severe group

Obr. 4. Krabicový graf hladin sérového NGF u pacientů v podskupinách COVID-19 a kon-
trolní skupině. 
CG – zdravá kontrolní skupina; MG – středně těžká skupina; NCG – nekomplikovaná skupina; 

NGF – nervový růstový faktor; SG – těžká skupina
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We found no study in the literature report-

ing the relationship of neurotrophic factors, 

such as survival, regeneration and mainte-

nance of specifi c neuronal populations in 

the adult brain in COVID-19 patients. How-

ever, the relationship between COVID-19

and neurological complications such as smell 

disorders, encephalopathy, viral menin go -

encephalitis and Guillain-Barré syndrome 

has still not been clarified.

Several studies were reviewed that re-

ported COVID-19 damage to the CNS. In the 

case study performed by Moriguchi et al, 

a patient with viral pneumonia developed 

meningitis with a new onset of epileptic sei-

zures. Brain imaging of the patient revealed 

right mesial temporal lobe hyperintensity, 

paranasal sinusitis and hippocampal atro-

phy. While SARS CoV-2 RNA could not be de-

tected in the nasopharyngeal swab test of 

the patient, CSF SARS CoV-2 RNA PCR test 

was positive [17]. This study is very impor-

tant in terms of showing that COVID-19 can-

not be excluded even if the nasopharyngeal 

swab results are negative in patients with 

viral pneumonia who develop CNS infection. 

In another case reported by Gutiérrez-Ortiz C 

et al., Miller Fisher syndrome was diagnosed 

in a patient with arefl exia of deep tendon re-

fl exes in the upper and lower extremities. In 

addition, the patient had oculomotor nerve 

lesion, ophthalmoparesis, and broad-based 

ataxic gait. In this patient, the nasopharyn-

geal SARS-CoV-2 virus test was positive. Re-

sult of the nasopharyngeal SARS-CoV-2 virus 

examination was positive in this patients [18]. 

In meta-analysis, Román et al reported a wide 

range of neurological diseases in COVID-19 

patients, e. g., encephalopathy, meningitis, 

seizures, Guillain-Barré syndrome, and pol-

yneuropathy [19]. Due to the neuroinvasive 

nature of COVID-19, it is not yet known how 

it aff ects brain functions and what the con-

sequencies of COVID-19 invasion to the CNS 

might be.

Azouley et al [20] reported that BDNF lev-

els were found to be low in COVID-19 pa-

tients, but decreased further with the in-

creasing severity of the disease. Again, in this 

study, while a negative correlation was ob-

served between BDNF and ferritin levels, the 

authors found an increase in serum BDNF 

levels after recovery. Based on previous re-

ports, they concluded that a cytokine storm 

may have suppressed BDNF.

Our study is the fi rst to evaluate serum 

NGF and GDNF levels in COVID-19 patients, 

and we found no statistically signifi cant dif-

ference in these levels between COVID-19 

patients and healthy controls.
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severe group; N – number; NCG – uncomplicated group; NE – neutrophil; NGF – nerve growth factor; PG – COVID 19 patient group; SG – severe 

group       
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