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Abstract

Although cognitive impairment has been well documented in human immunodeficiency virus 

(HIV) and hepatitis C virus (HCV) mono-infections, research on neurocognitive effects is limited 

in the context of HIV/HCV co-infection. The aims of this study were to explore the interplay 

between HIV and HCV infections in the expression of neurocognitive impairment (NCI), and to 

examine the differences in test performance between HIV/HCV co-infected and HIV or HCV 

mono-infected patients. A total of 128 participants from southern Brazil underwent a 

comprehensive neuropsychological (NP) battery comprising 18 tests. Participants were grouped 

according to their serological status: HCV mono-infected (n=20); HIV mono-infected (n=48); 

HIV/HCV co-infected (n=12); HIV−/HCV− uninfected controls (n=48). The frequency of HIV 

subtype B and C between the HIV mono-infected and HIV/HCV co-infected groups were 

comparable. There was greater prevalence of neuropsychological impairment among all three 

infection groups compared with the uninfected control group, but no statistically significant 

differences among mono and co-infected groups were found. HCV infection was associated with 
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cognitive deficits, independently of liver dysfunction. HCV infection did not show an additive 

effect on neurocognitive function among HIV+. NCI was independent of HCV RNA on peripheral 

blood, CSF and hepatic injury. While we did not find additive global effect, in the present study 

there was some evidence of additive HIV/HCV coinfection effects in speed of information 

processing, executive function and verbal fluency domains when comparing the co-infected group 

with the other 3 groups. NP impairment was not dependent on HCV subtypes.
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INTRODUCTION

Hepatitis C virus (HCV) belongs to the family Flaviviridae, genus Hepacivirus. The 

Flaviviridae family includes several viruses with worldwide distribution and known 

neurotropism, such as the Zika virus (van de Beek and Brouwer 2017), Dengue virus 

(Puccioni-Sohler et al. 2013), West Nile virus, Saint Louis encephalitis virus, Murray Valley 

virus, and Japanese encephalitis virus (Solomon 2004). HCV infection is a major public-

health problem, worldwide prevalent. A significant portion of patients with chronic HCV 

experience cognitive difficulties that may interfere with activities of daily living and quality 

of life (Hilsabeck et al 2005). There is evidence that HCV is neurotropic and may cause NP 

impairment even in the absence of advanced liver disease (Cherner et al. 2005).

HCV and human immunodeficiency virus (HIV) co-infection is common due to the fact that 

both viruses are highly prevalent in certain populations, and they share similar routes of 

transmission. Each virus has been associated with neurocognitive impairment (NCI) among 

mono-infected individuals. Deficits have been well documented in HIV (Schouten et al. 

2011; de Almeida et al. 2013; Heaton et al. 2015) and HCV mono-infections (Forton et al. 

2001; Hilsabeck et al. 2002; Hilsabeck et al. 2003; Weissenborn et al. 2004; McAndrews et 

al. 2005). However, research is more limited in the context of HIV/HCV co-infection and the 

evidence is mixed about whether HIV/HCV co-infection results in additive deleterious 

impacts on neurocognition (Hilsabeck et al. 2005; Yarlott et al. 2017).

The aim of this study was to explore and compare individual and possible additive effects of 

HIV and HCV infections in the expression of global cognitive impairment in a southern 

Brazilian population, where HIV-B and non B subtypes (chiefly subtype C) co-occur. We 

hypothesized that the prevalence of impairment would increase with the number of viral risk 

factors and that HCV seropositivity would contribute to cognitive impairment above and 

beyond the role of HIV serostatus.

To our knowledge, this is the first study evaluating the relationship between cognitive 

impairment and HIV/HCV co-infection in a population with mixed HIV subtypes.
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DESIGN AND METHODS

This was a cross-sectional study. Standardized clinical and neurocognitive evaluations were 

performed on prospectively enrolled HCV+, HIV+ and HIV− individuals in Southern Brazil. 

They were recruited from the Hospital de Clinicas, Universidade Federal do Paraná (HC-

UFPR), Curitiba, Paraná, Brazil between 2007 and 2013. The institutional review boards 

(IRB) at University of California San Diego; Hospital de Clínicas-UFPR, Brazil (IRB) and 

the Brazilian National Ethics Committee (CONEP) approved this project. All participants 

provided written informed consent.

1. Subjects

Participants and methods were described previously in detail (de Almeida et al. 2013). All 

participants underwent a comprehensive neuromedical assessment and none had 

opportunistic infections in the CNS. Exclusion criteria for all groups included loss of 

consciousness for greater than 30 minutes, non-HIV-related neurologic injury or disorder 

(e.g., epilepsy, stroke, developmental delay), psychotic disorder, and significant levels of 

current substance use defined as more than two alcoholic drinks per day over the past 30 

days, or use of any illegal drugs in the past 30 days. For the HCV+ participants, additional 

exclusion criteria included treatment with interferon alpha and ribavirin in the last 12 

months and uncompensated cirrhosis.

A total of 128 participants were studied. The participants belonged to the following groups 

according to serological status and co-infection. Group characteristics are presented in Table 

1.

1.1. HCV mono-infected participants (HIV−/HCV+ group), n=20—Hepatitis C virus 

(HCV) participants were recruited from the hepatology out-clinic of the HC-UFPR, Curitiba, 

PR, Brazil. The median duration from HCV diagnosis was 63.23(IQR=12.52; 96.60) 

months. Distribution of hepatitis B (HBV) co-infection is shown in Table 1.

Regarding the HCV genotypes (Abrantes et al. 2013; Wolff et al. 2010), there were 14 cases 

(70%) with HCV subtype 1 [1a (6 cases); 1b (3 cases); 1 (5 cases)]; and 4 cases with HCV 

subtype 3 [3a (2 cases); 3 (2 cases)]. The HCV genotype could not be determined for two 

participants.

In the HIV−/HCV+ group, 10 participants (50%) previously received HCV treatment with 

interferon alpha (IFN-α) and ribavirin; none of the participants were currently on HCV 

treatment during NP evaluation. The median interval since IFN-α and ribavirin treatment 

was 62.20 (IQR=43.87; 94.67) months. The Child-Pugh Score for chronic hepatic disease, 

used to assess the prognosis of chronic liver disease and cirrhosis, of all HIV−/HCV+ 

participants was Child-A (Pugh et al. 1973). No one presented with hepatic encephalopathy 

during the current NP evaluation.

1.2. HIV mono-infected participants (HIV+/HCV− group), n=48—All participants 

underwent serological testing to confirm their HIV status prior to enrollment, according to 

guidelines published by the Brazilian Ministry of Health (Brasil, 2016). Cases with 
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opportunistic CNS infections were excluded. HIV genotyping indicated 20 subjects had HIV 

subtype B, 27 had HIV subtype non B (C (20), BF (4), BC (1), F (2)), and for one subject 

the subtype was not identified. Table 1 reports HIV disease characteristics and treatment 

status for both HIV+ groups.

1.3. HIV/HCV co-infected group (HIV+/HCV+), n=12—None of the participants in the 

HIV+/HCV+ group had ever received HCV treatment and were not on treatment at the time 

of NP evaluation. HIV genotyping showed six subjects had HIV subtype B while six had 

HIV subtype non B (C (2), BF (3), CF (1)). The frequencies of HIV subtype B and non-B; 

and B and C between the HIV+/HCV− vs. HIV+/HCV+ groups are comparable (p= 0.75 

and 0.26, respectively). None of HIV disease and treatment variables in Table 1 differ 

significantly between the HIV monoinfected group and the HIV/HCV co-infected group.

1.4. Uninfected controls (HIV−/HCV− group), n=48—HIV−/HCV− participants were 

recruited from the HC-UFPR blood bank and tested serologically negative for HIV, HBV, 

HCV, human T-lymphotrophic virus 1 and 2 (HTLV-1 and 2), and syphilis. HIV+ and HIV− 

groups were recruited to be comparable with respect to gender, age and years of education.

2. Methods

2.1. Neuropsychological (NP) assessments

All participants underwent a NP evaluation by the same study team from Brazil, supervised 

by a neuropsychologist. The NP battery assessed seven ability domains with 18 individual 

tests that have been widely used to study HIV infection in English- and non-English 

speaking countries (Heaton et al. 2015; Cysique et al. 2007; Ghate et al. 2015; Kanmogne et 

al. 2010; Royal III et al. 2012). Instruments not already validated for use in Brazil were 

translated into Brazilian Portuguese, back translated into English, and reviewed by several 

Brazilian native Portuguese speakers to ensure cultural and linguistic appropriateness (de 

Almeida et al. 2013).

The domains assessed included: Executive Function (Color Trails Test 2, Wisconsin Card 

Sorting Test-64 perseverative errors, Stroop Color word); Motor Performance (Grooved 

Pegboard Test-Dominant Hand (DH) and Non-DH); Verbal Fluency (phonemic: Controlled 

Oral Word Association Test (COWAT) and category: Animals and Actions); Attention/
Working Memory (WMS-III Spatial Span); Learning and Memory (Brief Visuospatial 

Memory Test-Revised (BVMT-R) learning and delayed recall, Hopkins Verbal Learning 

Test-Revised (HVLT-R) learning and delayed recall; and Speed of Information Processing 
(WAIS-III Digit Symbol and Symbol Search, Trail Making Test A, Color Trails Test 1, 

Stroop Color Naming).

Examiner training—To ensure standardization of NP test administration, examiners 

(psychologists at UFPR) underwent training administered by the UCSD team from the USA, 

with at least one bilingual member present to facilitate discussion. Training sessions 

included demonstrations of each test or interview with a discussion regarding purpose and 

administration nuances. Several rounds of “mock testing” were conducted as well. 

Certification sessions subsequently took place using staff or patient volunteers from the 
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hospital as test subjects. There were separate training teams for the neurobehavioral, 

neuromedical, and psychiatric modules of the battery. All certifications were done in 

Portuguese.

Demographic corrections for each NP test were developed using data from Brazilian 48 HIV

− controls. Norms were statistically derived by methods previously described (de Almeida et 

al. 2013; Heaton et al. 2004). Briefly, raw scores for the individual tests were converted to 

normally distributed scaled scores, which have a mean of 10 and a standard deviation of 3. 

The scaled scores were then converted to T-scores (mean 50, SD 10), with regression-based 

adjustments for the effects of age, years of education, and sex. The global deficit score 

(GDS) method was used to classify overall NP impairment status as previously described 

(Heaton et al. 2004; Carey et al. 2004; Blackstone et al. 2012).

Calculation of deficit score: For each test, demographically corrected, T-scores were 

converted to deficit scores (DS) as follows: T >39 (normal, DS=0); 35–39 (mild impairment, 

DS=1); 30–34 (mild to moderate impairment, DS=2); 25–29 (moderate impairment, DS=3); 

20–24 (moderate to severe impairment, DS=4); and <20 (severe impairment, DS=5). The 

Global Deficit Score (GDS) is the average of all test deficit scores. The GDS summarizes the 

number and severity of impaired test performances across the entire test battery consisting of 

18 measures. Based on previous literature, a GDS cut-off ≥0.50 was used to classify overall 

NP impairment (Heaton et al. 2004; Carey et al. 2004; Carey et al. 2004b); a GDS beyond 

this cutoff virtually guarantees that the person meets Frascati international criteria for HIV 

associated neurocognitive disorder (HAND) (Blackstone et al. 2012; Antinori et al. 2007).

2.2. Laboratory Methods

HIV RNA levels in blood and CSF were quantified by branched DNA assay (Siemens) with 

nominal limit of detection 50 copies/mL. Pol sequences were used for HIV strain 

genotyping for participants with clinically resistant infection, while env sequences were used 

for all other participants. HIV genotyping was performed at the Virology Laboratory, 

Hospital de Clínicas, UFPR, Brazil.

HCV and HBV serostatus was assessed by HCV (anti-HCV) and HBV (antigens HBV, HBe; 

antibody anti-HBs, anti-HBc total, anti-HBc m, anti-HBe) testing by chemiluminescence 

(Architect, Abbott, Wiesbaden, Germany), performed at the Clinical Laboratory, Hospital de 

Clínicas, UFPR, Brazil. CSF HCV RNA was quantified by RealTime HCV (Abbott, Illinois, 

U.S.A), detection rage 12 to 100000000 UI/mL while plasma was quantified by artus HCV 

RG RT-PCR (Quiagen, Hilden, Germany), detection range 65 to 1000000 UI/mL. HCV 

genotyping by Real Time HCV Genotype II Assay (Abbott, Illinois, USA) was performed at 

the State Central Laboratory (LACEN-PR) Brazil.

2.3. Data analyses

Categorical variables were compared between groups using Fisher’s exact test. Continuous 

variables were compared with Student’s t-test, Mann–Whitney or Kruskal-Wallis test for 

non-parametric data, as appropriate. Correlations between variables were calculated using 

Spearman’s rank-order correlation. Results were considered statistically significant at the 

de Almeida et al. Page 5

J Neurovirol. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



5% alpha level. Cohen’s d or Hedge’s g effect sizes (and 95% confidence intervals), when 

appropriate, were reported for differences in numeric variables between groups. Results 

were corrected for multiple comparisons using the Benjamini-Hochberg (BH) method.

RESULTS

Among all HIV+ participants (N=60), 12 (20%) were co-infected with HCV. All four groups 

were similar with regard to sex, age, and years of education. The HIV+HCV+ and HIV

+HCV− groups were comparable on CSF and plasma HIV RNA, duration of HIV infection, 

nadir and current CD4 (Table 1). Scores for cirrhosis (asparte aminotransferase to platelet 

ratio index, APRI) (Wai et al. 2003; Lin et al. 2011; Chou et al. 2013) and fibrosis 

(Fibrosis-4 score, FIB-4) (Sterling et al. 2006), as well as serum albumin are presented on 

table 1.

Global NP impairment

The frequencies of global NP impairment (GDS>0.5) by group were as follows: HIV-HCV−, 

n=10 (20.8%); HIV−/HCV+, 10 (50%); HIV+/HCV−, 30 (62.5%); HIV+/HCV+, 8 (66.7%); 

comparing all four groups, p= 0.0002. The co-infected group HIV+/HCV+ showed the 

highest percentage of global NP impairment, although the differences between co-infected 

and mono-infected groups did not reach significance (Figure 1). Logistic regression analysis 

of global NP impairment indicated that the odds of cognitive impairment for a participant 

with HIV−/HCV+, HIV+/HCV− and HIV+/HCV+ were 3.8, 6.33, and 7.6 times higher 

respectively, compared to a person without HIV or HCV infection (p=0.039, p<0.001, and 

p=0.013 respectively); p values were corrected for multiple comparisons with the BH 

method.

All three infected groups, HIV and HCV mono-infected and the co-infected group, had a 

higher GDS (considered as a continuous variable) compared to the negative control group. 

For the HIV+/HCV− vs. HIV−/HCV+ comparison, there was a trend-level difference in 

mean GDS (non-adjusted p=0.058, adjusted for multiple testing p=0.087) (Figure 2).

Concerning the influence of HCV subtype on global NP impairment (GDS > 0.5), the 

proportions of NP impairment was higher in HCV-3 (3 cases, 75%) than HCV-1 (7 cases, 

44%), although do not reach significance (p=0.582) due to the limited number of samples. 

GDS median (IQR) for HCV-1 was 0.417 (0.1528; 0.5694); for HCV-3 was 0.556 (0.4722 

0.7917), p= 0.344; Hedge’s g effect sizes (95% CI) = −0.792 (−0.995, 0.412); GDS was 

square root transformed. The odds of cognitive impairment are reduced by 72% for a person 

with HCV-1 compared to a person with HCV-3; although not significant, 95% CI (0.004, 

4.346).

The number of samples of different HIV subtypes was insufficient to analyze the influence 

of HIV subtype on global NP impairment in the HIV/HCV co-infected group.

de Almeida et al. Page 6

J Neurovirol. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Group HIV−/HCV+ comparison between groups with history of past IFN-α and Ribavirin 
treatment and treatment naïve

The HCV+/HIV− group median GDS (IQR) of participant subgroups with past HCV 

treatment (n=10, 50%) and treatment naïve status were 0.417 (0.028; 0.611) and 0.556 

(0.222; 0.694) respectively, Mann-Whitney p= 0.44. Moreover, four treated participants 

(40%) had impaired GDS whereas six treatment naïve participants (60%) had impaired GDS 

(p= 0.66).

Cognitive impairment of tests by ability domain

Tables 2 and 3 compares the four groups with respect to impairment (T<40) rates on the 

individual test measures grouped by ability domain. Six of the 18 measures did not 

demonstrate significant overall group differences (Color Trails II, WAIS-III Symbol Search, 

HVLT-R Learning and Delayed Recall, WAIS-III Spatial Span and Grooved Pegboard DH), 

although the latter two measures evidenced nonsignificant trends for infected groups to have 

higher impairment rates than controls. The HIV monoinfected group had significantly 

elevated impairment rates, relative to controls, on 11 tests measures representing six of the 

seven ability domains, with a trend toward significance in the one test of attention/working 

memory (Spatial Span).

Compared to the controls, the HCV monoinfected group showed significantly elevated 

impairment rates on only three of the 18 individual tests measures representing just two 

ability domains (Fluency and Motor), although trends in the same direction were seen on 

five other tests also representing Executive Function, Processing Speed, Learning and 

Delayed Recall (table 2). Also the HCV monoinfected group evidenced less impairment than 

one or both HIV infected group on four individual measures involving Processing Speed, 

Executive Function, Fluency and Delayed Recall.

The dually infected group had significantly elevated impairment rates, relative to controls in 

only 6 individual test measures in four ability domains (Executive Function, Processing 

Speed, Fluency and Motor), but with similar trends also in Attention/Working memory and 

delayed Recall. Notably, impairment rates did not differ significantly between the HIV 

monoinfection group and the HIV/HCV coinfection group on any test in the battery.

The proportion of impairment (deficit score) by neuropsychological test in the groups 

studied are showed on supplementary figure 1.

While we did not find additive global effect, in the present study there was some evidence of 

additive HIV/HCV coinfection effects in speed of information processing, executive 

function and verbal fluency domains when comparing the co-infected group with the other 3 

groups (Tables 2 and 3).

Correlations

In the HIV/HCV coinfected and HCV monoinfected groups, there was no correlation of 

GDS with blood or CSF HCV RNA(Log), CSF HCV RNA was not quantified in the HCV 

monoinfected group. There was no correlation of GDS with APRI and FIB-4 scores in the 

three groups studied (all p>0.05).

de Almeida et al. Page 7

J Neurovirol. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In the HIV/HCV coinfected group, there was no correlation of blood or CSF HCV 

RNA(Log) with CSF or blood HIV RNA(Log); also there was no correlation of blood with 

CSF HCV RNA (Log).

DISCUSSION

The present study investigated the impact of HCV mono-infection and co-infection with 

HIV on cognitive functioning in a patient group from Southern Brazil. While each virus 

represents an independent risk factor for neuropsychological impairment, less is known 

about whether HCV/HIV co-infection increases the frequency and severity of cognitive 

impairment.

In the current study, HIV/HCV co-infection was present in 11% of the sample, which was 

considerably lower than was reported in another study (31%) from Southern Brazil (Wolff et 

al. 2010). The frequencies of HIV subtype B and C were similar between the HIV mono-

infected and HIV/HCV co-infected groups; HCV subtype was predominantly subtype 1 

(70%), this rate is similar to that reported in prior studies 79% and 82% (Abrantes et al. 

2013; Wolff et al. 2010).

The present study found that HCV infection is associated with cognitive deficits, 

independently of liver dysfunction. The rates of cognitive impairment in the HCV mono-

infected groups were consistent with multiple previous reports (Forton et al. 2001; Hilsabeck 

et al. 2002; Hilsabeck et al. 2003; Weissenborn et al. 2004; McAndrews et al. 2005), 

although rates of cognitive impairment can vary widely across studies (0% to 82%), possibly 

reflecting differences in comorbidities and ascertainment methods (Hilsabeck et al. 2002; 

Huckans et al. 2009).

In our sample, HCV infection did not show an additive effect on neurocognitive function 

among HIV+, as the HIV monoinfected and coinfected groups had similar rates of 

impairment (63% and 67%), and both tended to be greater than HCV alone (50%). GDS was 

not correlated with HCV RNA on peripheral blood, in the studied sample as observed in 

another previous study (Clifford et al. 2015). We also found that cognitive impairment was 

independent of HCV RNA on CSF, and hepatic injury, i.e. cirrhosis or hepatic fibrosis, 

identified by APRI and FIB-4 score respectively.

In the present study NP impairment was not dependent on HCV subtypes. This was the first 

study to address the impact of HCV subtypes on cognitive impairment, although the number 

of cases was small for a definitive conclusion, more studies are necessary.

The literature presents mixed results about whether HCV and HIV have additive 

consequences for neurocognitive functioning. These discrepant results may be explained by 

differences in populations studied related to CD4 count, adherence to ARV; and also 

differences in the severity of HIV/HCV disease or different NP battery applied or test norms. 

The results of the present study are consistent with studies that do not show additive effects 

of HIV/HCV coinfection, including the CHARTER study of 1,582 chronically HIV-infected 

patients and HIV/HCV co-infected in the USA (Clifford et al. 2015). By contrast, several 

previous investigations have found significantly worse global neuropsychological 
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performance in HIV/HCV co-infected individuals compared to HIV mono-infected patients, 

suggesting an additive role of the two viruses in the pathogenesis of cognitive disorders 

(Clifford et al. 2005; Ciccarelli et al. 2013; Hinkin et al. 2008; Letendre et al. 2005; Rempel 

et al. 2013). In a study with infected women, HIV/HCV co-infected individuals 

demonstrated greater abnormal NP performance than mono-infected and uninfected, 

especially in individuals with evidence of CD4 T-lymphocyte immunosuppression 

(Richardson et al. 2005). Another study of 118 HIV+ adults with advanced HIV disease, 35 

of whom were co-infected with HCV, found higher rates of global cognitive impairment in 

co-infected patients than those infected with HIV alone (63% vs. 43%) (Hinkin et al. 2008).

While we found no differences between HIV monoinfected and HIVHCV coinfected groups, 

it is important to note that there was a significant HCV effect on global neurocognitive 

functioning, i.e., the HCV monoinfected group evidenced significantly more global 

impairment than the uninfected controls (Figure 1), and either significant or trend level 

impairments (versus controls) were seen on tests of Fluency, Processing Speed, Learning, 

and Executive and Motor Functions.

Several studies have investigated domain-specific cognitive impairments in HCV+ patients 

and found deficits in attention, concentration, working memory, executive function and 

psychomotor speed (Hilsabeck et al. 2002; Hilsabeck et al. 2003; Weissenborn et al. 2005; 

Perry et al. 2008; Posada et al. 2009).

The literature on the impact of HCV infection on neurocognitive performance in Brazil is 

scant with only two reported studies (Abrantes et al. 2013; Quarantini et al. 2009). As these 

studies excluded participants with HIV they could not investigate the contribution of 

HIV/HCV co-infection to the prevalence of NP impairment. Although Abrantes et al (2013) 

found no evidence of an association between HCV infection and cognitive impairment, their 

study differs from the present study because control patients did not undergo blood testing to 

verify that they were free of viral infections. Additionally, a less extensive NP battery was 

used, which may have limited the sensitivity to detect impaired performances. The other 

reported study (Quarantini et al. 2009), compared participants with HCV and HBV but did 

not include a serum negative control group, they showed that HCV patients had poorer 

visuospatial memory performance than patients infected with HBV. There were no 

significant differences in other NP functions between HCV and HBV groups.

Cognitive impairment occurs in a substantial proportion of HIV-infected patients in the 

cART era from 15 to 62% (Schouten et al. 2011; de Almeida et al. 2013; Heaton et al. 

2015). HAND is characterized by broad spanning deficits that include problems with 

executive function, learning and memory, speed of information processing, attention/

working memory, sensorimotor skills, and language/verbal fluency (Grant 2008; Woods et 

al. 2009; Heaton et al. 2010).

Several hypotheses have been proposed to explain the occurrence of cognitive impairment in 

HCV infections. Microglia and astrocytes in the CNS express receptors associated with 

HCV cell entry, and may be particularly vulnerable to infection. HCV has been detected in 

human brain tissues indicating that blood-derived infected HCV cells trafficked to the brain 
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and incite CNS dysfunction (Murray et al. 2008). The infection of the CNS begins with 

HCV viral replication in peripheral blood mononuclear cells in the bone marrow, which 

subsequently serve as precursors of macrophages and microglial cells of the CNS (Senzolo 

et al. 2011). Another potential contributor to cognitive impairment in chronic HCV is the 

indirect perpetuation of neurotoxic inflammatory pathways caused by HCV activation of 

cytokines (Rempel et al. 2013; Cacciarelli et al. 1996; Cohen et al. 2011); also it is thought 

to be mediated by HCV viral load (Letendre et al. 2005; Sun et al. 2013; Wilkinson et al. 

2009). Additionally, there is speculation that brain injury might result from interactions 

between recreational drug use and hepatitis at multiple levels.

The present study is not free of limitations. Although the overall number of patients and 

controls was small, the calculated Cohen’s d effect sizes were strong. The cross-sectional 

design limits our ability to disentangle the neurocognitive effects of viral replication from 

longstanding individual differences in cognitive functioning. The HCV mono-infected group 

included four participants with somewhat advanced disease, suggested by a high APRI index 

and FIB-4 score that could indicate cirrhosis and hepatic fibrosis respectively. Nevertheless, 

these four participants were neuropsychologically normal. In the present study, 50% of the 

participants of the HCVmonoinfected group previously received treatment with IFN-α and 

ribavirin. However, none of the HCV positive participants were currently on HCV treatment 

during NP evaluation and the median duration since IFN-α and ribavirin treatment was 62 

months. Cognitive impairment may improve after 18-months following IFN-α and ribavirin 

treatment (Cattie et al. 2014).

The positive points of this study include the fact that it compared mono-infected HIV or 

HCV and co-infected participants with a HIV-HCV− group. To our knowledge, this study 

was the first to included HIV genotyped participants subtype B and non-B participants 

chiefly subtype C. Furthermore, other similar Brazilian studies do not present results on 

global deficit impairment scores (i.e., GDS).

In our sample of 128 Brazilian adults, we observed higher rates of NP impairment among 

individuals infected with HCV and/or HIV compared to serum negative controls. Both 

mono-infected groups had elevated global impairment scores, although cognitive deficits 

appeared to be more associated with HIV than HCV mono-infection. While NP impairment 

was greatest in HIV/HCV co-infected patients, there was not a significant additive effect of 

viral co-infection on cognition compared to mono-infected groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Frequency of global neuropsychological impairment based on global deficit score 
(GDS) > 0.5 in the HIV and HCV mono-infected, HIV/HCV co-infected and seronegative groups
All seropositive groups were significantly worse than the seronegative group p=0.0002, but 

not different from one another.
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Figure 2. Global NP impairment in the HIV and HCV mono-infected, HIV/HCV co-infected and 
serum negative group
The global deficit scores in the HIV−/HCV+, HIV+/HCV− and HIV+/HCV+ groups were 

significantly higher than those in the HIV−/HCV− group (p=0.042, p<0.001, and p=0.001 

respectively, after Benjamini-Hochberg correction). Differences between groups described 

above, assessed as Cohen’s d effect size (95% confidence interval), were 

−0.76(−1.31,−0.20), −1.13(−1.57,−0.69), and −1.27(−1.97,−0.57) respectively. The other 

comparisons were not significant.

The line in the center of the box represents median; the superior and inferior borders of the 

box represents IQRs; the whiskers represent the least and greatest values, excluding outliers 

which are defined as the values falling below the first quartile − 1.5 IQR or above the third 

quartile + 1.5 IQR.
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