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Abstract

Background: A large number of central nervous system impairments occur in subjects with chronic HCV infection regardless of
liver disease. Brain-derived neurotrophic factor (BDNF) plays an essential role in the adult brain concerning its development and
proper functioning. Our study aimed at contributing to the discussion on the involvement of BDNF in neurocognitive disorders
associated with HCV infection.
Objectives: We aimed to evaluate the prevalence of neurocognitive disorders in a cohort of HCV-infected subjects, to measure serum
BDNF levels in the same cohort according to the degree of neurocognitive disorders, and to evaluate serum BDNF level modification
in HCV-infected patients after direct antiviral agents (DAA) therapy.
Methods: We enrolled patients scheduled for DAA therapy in January 2018 from three infectious disease units in Eastern Sicily. Each
participant was evaluated for neurocognitive status with MoCA score at baseline and 12 and 24 weeks after the end of therapy. More-
over, we measured serum BDNF levels at baseline and 12 weeks after the end of therapy.
Results: Of 70 HCV-infected patients, 42 (60%) were males. The average age was 57 ± 19 years and the average ALT level was 79 ±
24 UI/mL; 38 (54.3%) individuals had HCV genotype 1 infection and 23 (32.8%) and 25 (35.7%) individuals had F1 and F2 fibrosis stages,
respectively. Moreover, 67 (95.7%) individuals achieved sustained virological response. The MoCA score at baseline identified four
groups of patients. Higher MoCA scores 24 weeks after the end of therapy highlighted the improvement of neurocognitive status
in all groups. Serum BDNF levels in the same four groups, measured 12 weeks after the end of DAA therapy, appeared significantly
modified compared to baseline serum BDNF levels, matching the improvement of MoCA score results obtained 24 weeks after DAA
therapy.
Conclusions: The serum BDNF level may represent a useful marker of cognitive dysfunction in patients with HCV infection and a
useful index for assessing the post-therapy follow-up.
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1. Background

A large number of central nervous system (CNS) im-
pairments, including metabolic, inflammatory, and au-
toimmune conditions, occur in patients with chronic HCV
infection regardless of liver disease (1, 2). Moreover, some
reports describe the involvement of the peripheral ner-
vous system and muscular tissue, as well (1, 2). In more de-
tail, neuropsychological and neurocognitive functions are
frequently reported as altered in individuals with chronic

HCV infection, independently of liver fibrosis and severity
of the liver disease. These abnormalities occur both in the
absence and in the presence of structural brain damage or
signal abnormalities on brain magnetic resonance imag-
ing (3).

Brain-derived neurotrophic factor (BDNF), a member
of the neurotrophin family, plays a key role in the adult
brain respecting neuronal survival, synaptic plasticity, ax-
onal guidance, cell morphology, memory formation, and
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cognition (4, 5). Brain-derived neurotrophic factor pro-
duced in brain neurons acts locally at a synaptic level (6).
Variations in circulating BDNF levels may partly reflect its
impaired secretion in the brain and reduced brain BDNF
levels could be associated with lower circulating BDNF lev-
els (7). The current study aimed at contributing to the dis-
cussion on the involvement of BDNF in neurocognitive dis-
orders associated with HCV infection.

2. Objectives

This study aimed (1) to evaluate the prevalence of neu-
rocognitive disorders in a cohort of HCV-infected patients,
(2) to measure serum BDNF levels in the same cohort ac-
cording to the degree of neurocognitive disorders, and (3)
to evaluate serum BDNF level modification in HCV-infected
patients following direct antiviral agent (DAA) therapy.

3. Methods

We enrolled patients scheduled for DAA therapy in Jan-
uary 2018. The participants were recruited from three in-
fectious disease units in Eastern Sicily, including (1) AR-
NAS Garibaldi Hospital in Catania, (2) Vittorio Emanuele
Hospital in Catania, and (3) Policlinic Gaetano Martino in
Messina. All patients underwent DAA treatment between
February and June 2018. A post-treatment follow-up was ex-
tended in all cases between July and October 2018.

The exclusion criteria included (1) liver cirrhosis with
Child-Pugh score B or C and/or liver fibrosis stage 4 (F4,
liver stiffness ≥ 12.5) assessed by hepatic elastography, in
order to attenuate any impairment coming from the pres-
ence of hepatic encephalopathy, (2) previous neurological
disorders of any cause, (3) interferon-based therapies in
the previous three years, (4) addiction to illicit drugs or al-
cohol for at least six months, and (5) concomitant hepatitis
B or human immunodeficiency virus infection.

3.1. Measurement of Neurocognitive Status

Neurocognitive status was evaluated at recruitment
(baseline), 12, and 24 weeks after the end of DAA therapy.
The Montreal cognitive assessment (MoCA) score (8) (0 - 30
points) was used for neurocognitive assessment. Based on
the score, neurocognitive status was classified as follows
(9):

- From 26 to 30 points: no neurocognitive disorder
- From 19 to 25 points: mild neurocognitive disorder
- From 10 to 18 points: moderate neurocognitive disor-

der
- From 0 to 9 points: major neurocognitive disorder

3.2. Serum BDNFMeasurement

A Human Free BDNF Quantikine ELISA Kit (R&D Sys-
tems) was used to measure the serum BDNF levels at base-
line and 12 weeks after the end of DAA therapy, with a sen-
sitivity limit of 20 pg/mL and an assay range between 62.5
and 4.000 pg/mL. We measured BDNF in the contest of rou-
tine blood sampling.

3.3. Statistical Analysis

Statistical analysis was performed using PRISM soft-
ware (GraphPad). Serum HCV RNA values were all ex-
pressed as UI/mL and logarithmically transformed to nor-
malize their distribution. Data were expressed as means
± standard deviation (SD). Categorical variables were an-
alyzed using Fisher’s exact test. Serum BDNF mean values
were compared pre- and post-DAA treatment using inter-
group analysis with the unpaired Student’s t-test. one-way
analysis of variance (ANOVA) followed by Bonferroni post
hoc analysis was used to compare BDNF levels between
multiple groups based on the MoCA neurocognitive clas-
sification.

4. Results

Overall, 70 HCV-infected patients were recruited, in-
cluding 42 males and 28 females. The mean age was 57 ±
19 years and the average ALT level was 79± 24 UI/L. The log-
arithmic HCV viral load was 5.4 ± 1.2 × 106 UI/mL.

Concerning HCV genotypes, 38 individuals had geno-
type 1 infection, 11 individuals had genotype 2 infection,
and 21 individuals had genotype 3 infection. Hepatic elas-
tography classified 23 individuals as affected with F1 fibro-
sis, 25 as affected with F2 fibrosis, and 22 as affected with F3
fibrosis (Table 1).

For treatment, 12 subjects took Sofosbuvir/Velpatasvir,
25 took Sofosbuvir/Ledipasvir, 18 took Sofosbu-
vir/Daclatasvir and 15 took Elbasvir/Grazoprevir. In all
cases, DAA therapy was administered for as long as 12
weeks (Table 2).

Twelve weeks after the end of DAA therapy, 67 (95.7%) in-
dividuals achieved sustained virological response (SVR 12),
whereas three had a virological failure (relapse).

4.1. MoCA Score Evaluation

At baseline, MoCA scores differentiated four groups of
patients as follows: (1) 21 (30%) individuals with major neu-
rocognitive problems, (2) 19 (27.1%) individuals with mod-
erate neurocognitive problems, (3) 18 (25.7%) individuals
with mild neurocognitive problems, and (4) 12 (17.2%) in-
dividuals with no neurocognitive problems. The results of
MoCA scores measured 12 and 24 weeks after the end of DAA
therapy are shown in Table 3.
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Table 1. Characteristics of the Extended Cohort

Characteristics of the Cohort Valuesa

Male 42 (60)

Female 28 (40)

Average age (y) 57 ± 19

Average ALT levels (UI/L) 79 ± 24

Logarithmic HCV-RNA levels (UI/mL) 5.4 ± 1.2 × 106

HCV genotypes

1 38 (54.3)

2 11 (15.7)

3 21 (30)

Hepatic elastography

F1 23 (32.8)

F2 25 (35.7)

F3 22 (31.5)

aValues are expressed as mean ± SD or No. (%).

Table 2. Direct Antiviral Agent (DAA) Therapy Administered

DAA Therapy Administered Number of Patients, No. (%)

Sofosbuvir/Velpatasvir 12 (17.1)

Sofosbuvir/Ledipasvir 25 (35.7)

Sofosbuvir/Daclatasvir 18 (25.7)

Elbasvir/Grazoprevir 15 (21.5)

Table 3. Number of Subjects in Four Groups Determined by Montreal Cognitive As-
sessment (MoCA) Scorea

Baseline After 12 Weeks After 24 Weeks

Major NCD 21 (30) 20 (28.6) 5 (7.2)

Moderate NCD 19 (27.1) 17 (24.2) 5(7.2)

Mild NCD 18 (25.7) 21 (30) 44 (62.8)

No NCD 12 (17.2) 12 (17.2) 16 (22.8)

Abbreviation: NCD, neurocognitive diseases.
aValues are expressed as No. (%).

4.2. Serum BDNF Detection

We measured serum BDNF levels in the four groups pre-
viously pinpointed by the MoCA score. The average serum
BDNF levels were as follows: (1) 77 ± 11 pg/mL among 21 in-
dividuals with major neurocognitive disorders, (2) 122 ±
28 pg/mL among 19 individuals with moderate neurocog-
nitive disorders, (3) 115 ± 28 pg/mL among 18 individu-
als with mild neurocognitive disorders, and (4) 279 ± 41
pg/mL among 12 individuals with no neurocognitive prob-
lems.

Notably, the serum BDNF levels in the first group ap-

peared statistically significantly different from BDNF lev-
els in the fourth group (P < 0.05). The average BDNF level
in the four groups, measured 12 weeks after the end of
DAA therapy, appeared significantly modified compared to
basal BDNF levels. The average serum BDNF levels after SVR
12 are shown in detail in Table 4.

Table 4. Serum Brain-derived Neurotrophic Factor (BDNF) Level Variations in Four
Groups From Baseline to SVR 12

Serum BDNF Levelsa

P Value
Baseline After 12 Weeks

Major NCD 77 ± 11 195 ± 71 < 0.01

Moderate NCD 122 ± 28 217 ±69 < 0.05

Mild NCD 115 ± 28 202 ± 66 < 0.05

No NCD 279 ± 41 285 ± 81 N.S.

aValues are expressed as mean ± SD.

Concerning five patients who still displayed major
NCD at 24 weeks after the end of anti-HCV therapy (Table 3),
their serum BDNF levels measured 12 weeks after the end of
DAA treatment are shown in Table 5.

Table 5. Serum Brain-derived Neurotrophic Factor (BDNF) Levels of Five Patients
with Major NCD at 24 Weeks After the End of Therapy

Baseline After 12 Weeks

61 64

70 68

68 73

81 78

76 82

5. Discussion

Laboratory results, showing the presence of HCV-RNA,
NS5A, and NS3 in microglial cells and astrocytes, high-
lighted the fact that HCV has an independent life cycle in
the brain (10). This may explain the significant impair-
ments in executive function and attention and the chronic
fatigue reported by HCV patients with normal liver func-
tion (3). The HCV associated neurocognitive disorders are
unrelated to the stage of liver disease and therefore, the
features of this condition are different from those compli-
cations observed in individuals with minimal hepatic en-
cephalopathy (HE) (3).

Studies reported impaired levels of metabolites in the
basal ganglia of patients with HCV infection and mild liver
disease (11) and these alterations were different from ab-
normalities associated with HE (11). Moreover, neurophys-
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iological tests revealed multiple alterations, such as re-
duced P300 amplitudes and delayed peak latencies, in pa-
tients with HCV infection compared to non-infected pa-
tients, measuring in this way the subclinical cognitive im-
pairment (12).

This study, like others performed so far (13), docu-
mented the impaired CNS function in individuals with
chronic HCV infection, independently of the fibrosis stage.
Similar results were obtained by Hilsabeck et al. (14), who
showed impaired performance in a cohort of patients with
chronic HCV, particularly in sustained attention. Other
studies have confirmed these findings by documenting the
impairment of working memory, sustained attention, and
processing speed (15, 16). Forton et al. (17) studied different
groups of subjects with chronic HCV infection and found
that the HCV-infected group was more impaired than HCV-
clear group in neuropsychological tests, independently of
the IVDU history. Kramer et al. (12) provided evidence of
an association between cognitive impairment and HCV re-
gardless of any history of premorbid substance abuse (18).

Psychiatric diseases such as anxiety, depression, bipo-
lar disorder, post-traumatic stress disorder, and personal-
ity disorders are also common in patients with HCV re-
gardless of active or prior psychiatric diseases (19-21). Par-
ticularly, all of these conditions may affect the neurocog-
nitive status on measurements of concentration, atten-
tion, and processing speed (16). Our findings highlighted
a late improvement in cognitive functions in patients who
achieved a sustained virological response after DAA ther-
apy, as shown by the MoCA score results.

In the adult brain, BDNF and its specific receptor are
heavily expressed. It is involved in growth, differentiation,
maturation, and survival of immature neurons, whereas in
mature neurons, BDNF plays a key role in synaptic plastic-
ity, augmentation of neurotransmission, and receptor reg-
ulation (22). The serum BDNF levels were reported to be sig-
nificantly lower in patients with advanced dementia than
in control subjects (23, 24). The majority of studies have re-
ported reduced BDNF levels in subjects suffering from AD
(25) and BDNF seems to be also involved in Parkinson’s dis-
ease and Huntington’s disease (4). Moreover, in healthy el-
derly subjects, higher BDNF serum levels were associated
with better neuropsychological status (26, 27).

Concerning immediate and delayed verbal memory
and visual memory, BDNF levels were found to be sig-
nificantly negatively associated with the scores on these
functions (28). Moreover, the BDNF serum level was pos-
itively correlated with performance on neuropsychologi-
cal tests investigating executive functioning and attention
(29) and it was recognized as a remarkable inhibitor of de-
generation, apoptosis-mediated and neurotoxin-induced,
of dopaminergic neurons. The BDNF dysfunction may con-

tribute to, or be a consequence of, mental illnesses such as
major depressive disorder (30). In the same way, human
polymorphisms in the BDNF gene are related to a higher
risk of bipolar disorder (4).

Serum BDNF levels measured after 12 weeks from the
end of DAA therapy varied according to the MoCA scores
measured after 24 weeks from the end of the same therapy.
Therefore, BDNF can be an earlier marker of neurocogni-
tive state and it can be used to measure earlier neurocog-
nitive recovery in patients undergoing anti-HCV therapies.

Although not statistically significant, probably be-
cause of the small number of subjects involved, serum
BDNF levels measured after therapy were also higher in
those patients who did not achieve viral eradication. This
result shows that the positive effects of antiviral therapy go
beyond the simple eradication of the infection, bringing
systemic benefits to patients who use it.

5.1. Conclusions

It has been widely demonstrated that the eradication
of HCV leads to the reduced progression of liver disease,
reduced liver-associated and all-cause-mortality, and re-
duced extrahepatic manifestations, with a significant im-
provement in the quality of life (31, 32). Only a few studies
have tried to match the serum BDNF levels and neurocogni-
tive disorders in patients with HCV infection (33). Modab-
bernia et al. provided evidence of the association of BDNF
with impairment of physical aspects of quality of life in pa-
tients with HCV (33) and Lotrich et al. showed that lower
BDNF levels before IFN-α therapy were predictive of more
serious depression symptoms during therapy with IFN-α
(30).

Based on our data, we believe that dosing serum BDNF
levels may represent a useful marker of cognitive dysfunc-
tion in patients with HCV infection and a useful index for
assessing the post-therapy follow-up. Further studies are
needed to assess the reliability of serum BDNF levels as a
marker of neurocognitive status in HCV-infected patients
and its variation after DAA therapy administration.
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