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Abstract

Objective—Neprilysin (NEP) is the dominant Aβ peptide-degrading enzyme in the brain. HIV-1 

subtype B Tat protein is known to interfere with NEP function, but whether this is true of HIV-1C 

Tat, which has a defective chemokine motif, is not known. This study aimed to analyze the impact 

of HIV subtype on NEP-mediated cleavage of Aβ by comparing CSF and serum levels of NEP 

between HIV+ (27 patients with HIV-1B and 26 with HIV-1C), healthy HIV-controls (n=13); and 

patients with Alzheimer’s disease (AD,n=24).

Methods—NEP, as well as Aβ oligomers 38, 40, 42 levels were measured in CSF and serum by 

Immunoassays. Ratios between NEP and Aβ-38,40,42, and total were calculated in CSF and 

serum. Comparisons between HIV(+) and HIV(−) were adjusted by linear regression for gender 

and age; HIV subtype comparisons were adjusted for nadir CD4 and plasma viral load 

suppression.
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Results—Levels of NEP and ratios in CSF were comparable for HIV-1C and B subtypes. The 

ratio of serum NEP/Aβ-40 was lower for HIV1-C than HIV1-B (p=0.032). The CSF/serum index 

of NEP/Aβ-40, NEP/Aβ-42, and NEP/Aβ- total were lower for HIV1-B than HIV1-C (p=0.008, 

0.005 and 0.017 respectively); corroborating the findings for serum. CSF NEP was comparable for 

HIV+, HIV−, and AD.

Conclusion—HIV subtypes B and C differed in their impact on NEP and Aβ. The ratio of NEP/

Aβ-40 in serum was lower in HIV1-C than in HIV1-B. These results extend previous findings of 

lower CSF Aß-42 levels in HIV1-C than HIV1-B, suggesting more abundant amyloid ß brain 

tissue deposition in HIV1-C than HIV1-B.
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Neprilysin; HIV; amyloid metabolism; CSF; biomarkers; neuronal injury; subtype; central nervous 
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The interactions between HIV and aging are an increasingly important topic. Since the 

introduction of highly active antiretroviral therapy (HAART), patients with HIV infection 

(HIV+) have been living longer with an improved quality of life and decreased morbidity.1 

We face an increase in the age of the HIV-1 infected population, which is not only due to 

effective antiretroviral therapy but also to new infections among older people. In addition, 

HIV infected patients show aging signs earlier, chronic HIV infection results in epigenetic 

increase in biological age.2

HIV-1 infected cells actively secrete the viral protein transactivator of transcription (Tat).3 

Tat has been found in the brain of patients with HIV-1 infection, and amyloid β (Aβ) 

staining was significantly increased in human brain from individuals with HIV-1 infection 

compared to controls.4,5 Tat inhibits neprilysin (NEP)-mediated cleavage of Aβ peptide; the 

inhibitory function of NEP depends on the Tat “CC” dimotif.6,7 Tat in patients with HIV1-

subtype C (HIV1-C) has defective chemokine activity8,9 due to replacement of the CC 

dimotif with serine, CS or SC.9 It is not known how the HIV1-C defective Tat interferes with 

NEP function; this was the first study to analyze NEP in patients with HIV1-C.

NEP becomes inactivated and down-regulated during both the early stages of AD and in 

normal aging10. Reduced CSF NEP activity levels have been shown to occur in early AD, 

suggesting that altered CSF NEP activity levels may also be associated with dementia and 

lowered levels of CSF Aβ-426,11.

The aim of this study was to analyze the impact of the HIV1-C subtype, as a proxy for the 

defective CC dimotif, on NEP activation levels, compared to HIV1-B. We also compared the 

CSF levels of neprilysin between HIV+, healthy HIV- controls; and patients with 

Alzheimer’s disease (AD). An in vitro study showed that the exposure to HIV-1 Tat subtype 

B decreased protein and mRNA levels of NEP and zonula occludens- (ZO-) 1 in human 

cerebral microvascular endothelial (HBEC-5i) cells culture, as well as increased 

transendothelial transfer of Aβ and intracellular reactive oxygen species (ROS) levels. These 

results suggest that the Ras signaling pathway is involved in HIV-1 Tat-induced changes in 

ZO-1 and NEP, as well as Aβ deposition in cell culture12.
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We hypothesized that HIV-1 subtype B patients would have lower CSF NEP levels 

compared with HIV1-C; due to the fact that HIV1-B Tat inhibits NEP. HIV+ patients would 

have lower CSF NEP levels compared with HIV- subjects, with the lowest levels in patients 

with AD and highest levels in HIV- healthy controls.

METHODS

This study, which was a cross-sectional survey of stored CSF samples, was approved by the 

University of California-San Diego (UCSD, San Diego, CA, USA) Institutional Review 

Board (IRB), Hospital de Clínicas-Universidade Federal do Paraná (HC-UFPR, Curitiba, 

Paraná, Brazil) IRB, and the National Commission of Ethics in Research (CONEP).

Subjects

All participants signed consent forms approved by the IRBs in Brazil and USA. For patients 

with AD, the responsible caregiver signed the consent form. Samples of the CSF and serum 

were collected under a NIMH-funded protocol (R21 MH076651-01). The methods and the 

demographic and infection characteristics of the HIV+ patients were described previously13.

A total of 105 CSF samples and 92 paired serum samples were analyzed.

HIV+ participants—The HIV+ participants, n=68, were recruited at the HC-UFPR. 

Individuals with opportunistic CNS infections were excluded. All volunteers provided blood 

and CSF samples and underwent serological testing to confirm HIV status before enrollment 

in accordance with previously published guidelines.14

For participants with clinically resistant infection, the infecting HIV subtype was genotyped 

with pol sequences, while env sequences were used for all other participants. Genotyping 

indicated that 27 individuals were infected with HIV1-B and 40 were infected with non-B 

HIV1 subtypes (C, n = 26; BF, 10; BC, 1; CF, 1; and F, 2). In one participant, the HIV-1 

subtype could not be genotyped.

HIV− controls—Because lumbar punctures in uninfected volunteers are not allowed in 

Brazil, we recruited a control group of 13 age-matched HIV− individuals at the HIV 

Neurobehavioral Research Center, University of California San Diego (HNRC-UCSD). 

They had no neurological comorbidities or cognitive complaints and tested negative on 

serological tests for hepatitis C and syphilis. The CSF cytochemical criteria for inclusion in 

the control group were white blood cell (WBC) count ≤ 5cells/mm3, total protein ≤ 45 

mg/dL, and glucose ≥ 55 mg/dL.

AD participants—Twenty-four patients with AD were diagnosed by the Dementia 

Investigative team from the Cognitive Dysfunction Outclinic (Neurology Unit, HC-UFPR). 

All AD participants met the dementia criteria of the DSM-V15 and criteria for probable AD 

of the National Institute on Aging-Alzheimer’s Association.16 Diagnostic methods of the 

AD group were described in detail previously11.
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Laboratory Methods

CSF biomarkers—Neprilysin, activated as well as unactivated forms, was measured in the 

CSF and serum with an enzyme-linked immunosorbent assay (MyBioSource, San Diego, 

USA) with a quantitation range of 6.25-400pg/mL. The minimum detectable dose of NEP 

was less than 2.51pg/mL. Serum and CSF Amyloid beta isoforms (Aβ-38, 40, and 42) were 

assayed by electrochemiluminescence (MULTI-ARRAY, Meso Scale Diagnostics, LLC, 

Rockville, MD, USA); CSF Aβ-38, 40, and 42 levels were described previously13.

All samples were assayed concurrently in duplicate according to the manufacturers’ 

instructions. The acceptable coefficient of variation between duplicates was less than 20%. 

When the results were under the minimum low detection limit determined by the 

manufacturers, the low-detection-limit value was considered in the statistical analysis. To 

enhance the specificity of the neuronal injury biomarkers,17 combinations of these 

biomarkers in ratios and indexes were calculated in to a single value. Ratios between NEP 

and Aβ-38,40,42 or total were calculated in CSF and serum, as well as CSF/serum indexes 

of these ratios; NEP index was calculated, NEPIndex=(NEPCSF × Albserum)/(NEPserum × 

AlbCSF).

Blood-CSF barrier function

CSF and serum albumin were quantified by the nephelometry (Dade Behring BNII, 

Deerfield, IL). The functional integrity of the blood-CSF barrier was assessed by the CSF 

albumin/serum albumin quotient (QAlb=AlbCSF/Albserum). The upper limit of the reference 

range for QAlb was calculated for each participant according to the age18.

Specimen collection and storage

CSF was collected by lumbar punctures with atraumatic spinal needles under aseptic 

conditions by a trained neurologist. The samples were collected in polypropylene tubes to 

avoid adherence of the proteins to the tube walls. CSF total protein, glucose, and WBC 

counts were measured with standard laboratory methods. All HIV+ and AD samples were 

collected at the same time interval of the day to limit diurnal variability. CSF and serum 

aliquots were frozen and stored at −80°C at HC-UFPR.

Data analyses

Demographic and clinical variables were compared between the groups with Kruskal-Wallis 

test for continuous variables and Fisher’s exact test for binary and categorical variables. 

CSF, serum levels, ratios and CSF/serum indexes of biomarkers were log10− transformed to 

normalize their distributions prior to the statistical analyses. A hierarchy of comparisons was 

performed with the AD versus HIV+ groups as the primary comparison, HIV− versus AD 

groups as the secondary comparison, and HIV− 1 versus HIV+ groups as the exploratory 

comparison, without adjustment for multiple comparisons. Age and gender were included as 

covariates in multivariable linear regression models if the p value was less than 0.2 in the 

adjusted model. If the age effect was significantly nonlinear, a smooth age effect was used 

within a generalized additive model. The p values within each class of biomarkers (CSF, 
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serum, and CSF/serum) were then corrected for multiple testing with the Benjamini-

Hochberg (BH) procedure.

The CSF and serum biomarkers, ratios, and CSF/serum indexes were then compared 

between the HIV1-B and HIV1-C groups. A multivariable model was applied to control for 

plasma HIV viral load (VL) suppression and nadir CD4 counts. As described above, the p 

values for the biomarker effects were corrected for multiple testing with the BH procedure.

The analysis results were considered statistically significant at the 5% alpha level. The 

differences between groups are presented as Cohen’s d effect sizes (and 95% confidence 

intervals). The statistical analyses were performed with R (version 3.2.3).

RESULTS

The demographic, clinical and laboratorial characteristics of the groups studied are 

summarized in Tables 1 and 2.

Concerning the HIV(+) group, 55 cases (81%) had AIDS; median (IQR) of the current CD4, 

369 (201; 534) cells/mm3; Nadir CD4, 92 (37; 267) cells/mm3; Log plasma HIV RNA, 1.7 

(1.7; 3.5); plasma HIV RNA < 50 copies/mL in 38 cases (56%). Combination anti-retroviral 

therapy (CART), mostly protease inhibitors (PIs), was prescribed to 55 participants (81%). 

Median (IQR) ARV CNS Penetration Effectiveness Rank (CPE)19 was 8(6; 9); Adherence 

(AIDS Clinical Trials Group, ACTG, adherence questionnaire) 51(93%). The demographic, 

clinical and laboratorial characteristics of the groups HIV1-B and C are described in Table 3. 

HIV subtype B- and C-infected individuals were similar in age, gender, and education. CSF 

samples of HIV subtype B- and C-infected individuals were comparable in total protein, 

WBC, number of cases with pleocytosis (WBC > 5 cell/mm³); albumin; QAlb; CSF HIV 

RNA Log10; and Log CSF HIV RNA <1.7.

The AD participants were probable AD; moderate dementia, Clinical Dementia Rating 

median [Interquartile Range (IQR)] was 2 (2, 2.5); severely decreased daily activity; and no 

associated depression (Table 1).

NEP levels in HIV1-B and HIV1-C patients

Levels of CSF NEP (Table 4) were comparable for HIV1-C and B subtypes; serum NEP was 

numerically lower for HIV1-C than HIV1-B (p= 0.060) (Figure 1A). The ratio of NEP/

Aβ-40 in serum was lower for HIV1-C than HIV1-B (p= 0.032) (Figure 1A); however, this 

difference was not significant after correction for multiple testing with the Benjamini-

Hochberg (BH) procedure.

Levels of serum Aβ-38, 40, 42 and total were lower in HIV1-B group than HIV1-C, 

although do not reach significance (p >0.05). Median (IQR) of serum Aβ 38, 40, 42 and 

total (pg/mL), in HIV1-B group were 2.48(2.48; 24.75), 64.30 (43.45; 147.90), 3.24 (2.06; 

6.83), and 78.59(51.79;162.30) respectively; in HIV1-C group were 4.58 (2.48;17.69), 99.55 

(70.95;133.60), 5.67 (3.11; 7.93), and 118 (78.66; 147). Values of CSF Aβ-38, 40, 42 and 

total were published previously13.
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The ratios of NEP/Aβ-42 and NEP/Aβ- total in serum trended to significance (Table 4; 

figure 1A). The CSF/Serum index of NEP/Aβ-40, NEP/Aβ-42, and NEP/Aβ-total was lower 

for HIV1-B than HIV1-C (p-values 0.008, 0.005 and 0.017 respectively); corrected for 

multiple testing (BH) yielded significant p-values and Cohen’s d effect sizes were moderate 

to high; (Table 4; figure 1B). The results of CSF/Serum indexes corroborated the findings in 

serum.

NEP levels in HIV+, HIV-, and AD patients

Levels of CSF and serum NEP for the different groups are shown in Table 5; CSF NEP was 

comparable for the three groups studied. In serum, NEP levels were higher in HIV+ than AD 

and HIV− (0.007 and 0.056 respectively).

DISCUSSION

This is the first study to analyze NEP in patients with HIV1 non-B subtypes. CSF and serum 

NEP were comparable for HIV1-C and B subtypes. However, the ratio of NEP/Aβ40 in 

serum was lower in HIV1-C than B. Lower NEP/Aβ40 in subtype C is consistent with less 

cleavage of Aβ40 with greater tissue deposition of Aβ40. This is also supported by previous 

findings of lower CSF Aβ42 in subtype C, reported by our research group13.

However, the findings overall are counterintuitive. We expected the defective Tat in subtype 

C to yield less inhibition of NEP with correspondingly lower tissue deposition of Aβ and 

therefore higher levels of Aβ in CSF. Previous studies on which this hypothesis was based 

were experimental 6,7. Our analysis of human samples did not confirm the in vitro findings. 

The Tat sequences used in the prior in vitro studies may have differed from those in our 

clinical samples. Other factors that could explain these differences include the use of 

antiretroviral medications, which may affect amyloid metabolism. More studies need to be 

done to elucidate the impact of HIV subtypes on NEP metabolism. The comparisons of these 

markers could provide very useful information that will lead to expanded studies on 

neuropathology associated with different HIV subtypes, especially in the aging population.

Based on the present results, we conclude that NEP was driving the results, as the values of 

serum NEP trend to be lower in HIV1-C than B, and were supported by the differences 

between the ratios in serum and CSF/serum indexes. Although numerical values of serum 

Aβ isoforms were lower in HIV1-B group than HIV1-C, probably they do not determine the 

results of ratios and indexes; as they are not statistically significant.

CSF NEP was comparable for the HIV+, HIV(−), and AD; in serum NEP levels were higher 

on HIV than AD and CTRL.

Our findings did not confirm the hypothesis that CSF NEP levels in HIV would be in-

between those in AD (low) and in HIV-controls (high). There are several potential 

explanations for this finding. First, there is disagreement in the literature on NEP levels in 

AD. For example, one study showed reduced CSF NEP activity levels in early (prodromal) 

AD20 while another demonstrated that brain tissue NEP levels were increased in AD21. Thus 

NEP levels may change during the course of AD. The patients we studied had well-
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established AD, more advanced than in the Maruyama et al. (2005) study20. Our failure to 

find higher levels of NEP in HIV+ compared to AD therefore might be related to the stage of 

AD in our patients. Alternatively, CSF NEP levels may not correlate well with NEP levels 

and activity within brain tissue.

Neprilysin, also known as CD10 or enkephalinase, is a type II transmembrane bound zinc 

metalloendopeptidase with relatively broad substrate specificity. Its molecular weight is 85.5 

(85-110kDa) kD10,22 and the hydrodynamic radius (Rh) or Stokes radius is 56 Å. Because 

NEP is a high molecular weight molecule, diffusion does not occur through a functional 

blood–CSF barrier (BCSFB). An dysfunctional BCSFB, however, might result in diffusion 

of NEP from blood to CSF, Several studies have noted marked increases in diffuse amyloid 

plaques in in the HIV(+) group compared to HIV(−) age-matched controls4,6,23,24. This 

suggested that an inflammatory response in the brain to HIV-1 infection could lead to 

dysregulation of amyloid processing in the setting of HIV infection25, and facilitate amyloid 

plaque formation.

NEP is mainly synthesized in various types of cells outside brain, is widely distributed in the 

body and normally expressed by a variety of tissues 10. In brain it is expressed by activated 

astrocytes26 and microglia27. For proteins derived primarily from blood, as NEP, the CSF/

serum quotients may be informative. To estimate NEP intrathecal synthesis, indexes between 

CSF and serum and the NEPindex were calculated28.

Cleavage by NEP greatly reduces the aggregation tendency and neurotoxicity of the 

resulting fragments29 as demonstrated for cleavage by the peptidase insulin30. NEP is the 

dominant Aβ peptide-degrading enzyme in the brain; chiefly Aβ-40, but also Aβ-42 and 

other Aβ isoforms31.

HIV-1-infected patients

HIV-1 markedly increased the endogenous Aβ levels and accumulation of exogenous Aβ in 

an HIV-1 exposure model of brain microvascular endothelial cells.32

HIV has great impact on Aβ metabolism, Aβ deposition differs in AD and HIV-1 brains. 

While extracellular amyloid plaques are the major amyloid pathology in AD, intraneuronal 

amyloid accumulation or diffuse perivascular amyloid depositions are more characteristic for 

HAND.33 The mechanisms underlying the interactions between Aβ and HIV-1 infection are 

not fully understood but several factors and/or pathways are likely to be involved. It has been 

hypothesized that aging, HIV-1 infection, and the secondary effects of ART may all 

contribute to brain Aβ accumulation in neurons and in perivascular space.4 HIV-1 can 

increase Aβ levels by increasing its synthesis, decreasing its degradation, or changing its 

transport mechanisms across the blood brain barrier, leading to its accumulation in the 

brain33,34.

Several HIV proteins are amyloidogenic, such as gp12024,35, gp4136, Tat6,7,24,37, or Nef.38 

Mononuclear phagocytes, which are macrophages and microglia, that are infected by HIV 

play a pivotal role in Aβ degradation through the expression and execution of two 

de Almeida et al. Page 7

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



endopeptidases, NEP and insulin-degrading enzyme (IDE).37 Additionally multiple studies 

have described the amyloidogenic interference of ART.39

Tat, which is the main HIV amyloidogenic protein, interferes with Aβ cleavage (chiefly via 

NEP) and amyloid peptide reuptake and clearance. HIV-1 Tat protein increases Aβ levels in 

cell culture.6 In addition, HIV-1 Tat, specifically HIV1-B, increases Aβ-40 levels in 

neuronal cell cultures by inhibiting NEP.6,7,24,37

HIV-1 infected cells actively secrete Tat, a viral transactivating transcription factor3. At 

micromolar concentrations, in vitro, HIV-1 Tat inhibits the major Aβ-degrading enzyme, 

neprilysin (NEP), a neuronal endopeptidase. These findings imply that premature 

accumulation of Aβ in the HIV-1-infected population will increase the risk of dementia 

compared to the normal aging population.

Tat release continues even in patients with durable virologic suppression, tat was detected in 

the CSF of individuals with undetectable HIV viral load in the blood and CSF40. In 

transgenic AD mice having HIV-1 Tat-expressing astrocytes, more neurodegeneration and 

Aβ deposition was observed compared with mice not expressing astrocytic Tat serine41.

Tat interference on Aß-42 clearance

Tat inhibited NEP activity by 80%, causing amyloid β (Aβ) accumulation6. Comparison of 

the overlapping Tat sequences, demonstrated that NEP maximal inhibition required the 

amino acid sequence KCCF (amino acids 22–37)7. Studies about CSF NEP on HIV are 

poorly reported on the literature. The only two in vitro studies that showed that cysteine-rich 

peptides derived from the Tat protein are inhibitors of NEP, were done with HIV clade B6,7. 

Although the cysteine-rich domain is described as highly conserved among different HIV-1 

strains, in HIV clade C that infects the largest populations around the world, the cysteine 

residue in position 31 is mutated to a serine9.

The present study is not free of limitations. Samples from the HIV(−) controls were from a 

different study site. Although the HIV(+) and HIV(−) did not differ on race/ethnicity, 

Brazilian populations have a higher genetic heterogeneity than those in the United States. 

This limitation was not applicable to the comparison between subtypes B and C, as all the 

participants were from the same geographical region in Brazil and were similar in age and 

gender. The study was limited by its cross-sectional design. A longitudinal study might be 

able to predict the development of HAND in patients without clear symptoms. Vulnerability 

to AD is greatest in older individuals; our study did not include a substantial number of older 

HIV(+). We did not assess HIV(+) patients with known AD, although reports of patients 

with both conditions are rare. The HIV(−) group was younger than the AD group as this 

group was age- and gender-matched with the HIV(+) group. Future longitudinal studies that 

include older HIV(+) individuals are necessary to evaluate the effects of HIV on the NEP 

pathway. Finally, the assay used here quantified activated and unactivated NEP forms, but 

did not directly assess NEP activity.

This study had several strengths, this was the first study to examine HIV1-C patients and 

investigate HIV subtypes effects on NEP metabolism. The sample size was sufficient for 
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power analysis, as absolute values of Cohen’s d effect sizes were medium to large. HIV+ 

and AD patients were from the same center and were analyzed at the same period of time; 

both healthy and disease controls were used. HIV positive and HIV- are age matched, this is 

important as NEP becomes inactivated and down-regulated with aging10.

In conclusion, the results of this study have shown that HIV infection affects serum NEP 

function on a subtype-dependent pattern, HIV subtypes C and B differed, suggesting less 

destruction of Aß; which might accumulate more in HIV1-C.
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Figure 1. 
HIV-1 subtype B and C: (A). Neprilysin (NEP) pg/mL, and neprilysin/Aβ ratios in serum. 

(B). CSF/serum ratio for neprilysin and CSF/serum indexes for neprilysin/Aβ ratios.
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Table 1

Demographic and clinical characteristics, and co-morbidities of HIV participants, uninfected volunteers and 

Alzheimer’s disease group

HIV+ HIV− AD P

N 68 13 24 -

Demographics
Age, years

43 (35; 48) 39 (37.5; 52.5) 76.5(67;79.5) <0.0001

Education, years 8 (5;11) 12 (10.5;16) 4 (2;6) <0.0001

Gender, n male (%) 33 (49) 10 (77) 8(33) 0.0405

Caucasians, n (%) 66 (97) 13 (100) 22 (92) 0.3688

Clinical

Durationa,b, months 89 (31; 135)a - 36 (24;60)b -

MEEM - - 14(9.5;20) -

MoCA, (n=8) 11.5(10.5;12.5) -

FAQ - - 23.5(15;27.5) -

GDS 0.65 (0.30; 1.05) 0.0(0.0; 0.2) - -

Depression 13 (8, 25)c - 1(0.5;3)d -

Co-morbidities
HCVe, n (%)

12 (18) 0 0 -

Log Plasma HCV RNA 2.9 (1.7; 5.9) 0 0 -

Data are median (IQR) or number of cases (%).Participants co-infected with HCV were not on treatment with interferon-gamma. Clinical duration:

a
of infection on HIV-positive;

b
of symptoms on AD. Cognitive impairment evaluated by: global deficit score (GDS) on HIV-positive; mini–mental state examination (MMSE); 

Montreal Cognitive Assessment (MoCA); Functional Activities Questionnaire (Pfeffer’s FAQ) on AD. Major depression disorder (MDD) 
diagnosed by

c
Beck depression inventory (BDI) on HIV-positive;

d
Geriatric Depression scale (GD scale) on AD.

e
Hepatitis C virus (HCV) status was assessed by antibody testing (Abbott-Architect).
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Table 2

Biochemical, cytological, and virological characteristics of the CSF in HIV-positive, uninfected volunteers and 

Alzheimer’s disease participants.

HIV+ HIV− AD P

N 68 13 24 –

WBC, cells/mm³ 2.1 (0.6; 7.2) 1.0 (1.0;2.0) 0.6(0.3;1.4) 0.0025

WBC count > 5 cells/mm3, n(%) 20 (29) 0 0 -

Glucose, mg/dL 57.0 (53.0; 62.0) 61.0 (58.5; 71.0) 60.5 (54.0; 72.5) 0.0085

Total protein, mg/dL 40.0 (32.0; 46.0) 30.0 (25.0; 36.5) 37.35(30.7; 49.0) 0.0140

Total protein > 45 mg/dL, n(%) 20 (29) 0 7 (29) 0.0302

Albumin, mg/dL 22.4 (16.4 ; 28.9) 15.0 (13.0 ; 23.0) - 0.0408

Albumin quotient, QAlb 0.0064 (0.0049 ; 0.0097) 0.004 (0.003 ; 0.005) - 0.0002

Lactic acid, mmol/L 1.6 (1.5 ; 1.8) - 1.7(1.5 ; 1.8) 0.6499

RBC, cells/mm³ 0.5 (0.0; 7.5) 2.0 (0.5;3.5) 3.4 (0.9; 53.0) 0.0149

Log CSF HIV RNA 1.7 (1.7; 2.8) - - -

Viral load < 50 copies/mL, n(%) 36 (53) - - -

HIV RNA CSF > blood, n(%) 12 (18) - - -

Data are median (IQR) or number of cases (%).

Significant differences are highlighted in bold.
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Table 3

Demographic, clinical, laboratorial characteristics and co-morbidities of HIV-1 subtypes B and C participants

HIV1-B HIV1-C P

N 27 26

Demographics
Age, years

44(36.5; 50) 43 (34.5; 47.5) 0.45

Education, years 8(5; 12) 7 (5; 11.5) 0.55

Gender, n male (%) 14 (51.9) 11 (42.3) 0.59

Caucasians, n (%) 27 (100) 26 (100) -

Clinical

Duration of infection, months 91.03 (61.63; 144.00) 81.37(27.82; 131.7) 0.450

AIDS 22 (81) 19 (73) 0.526

Current CD4, cells/mm3 457 (255; 614) 359.5(176,5; 472,5) 0.20

Nadir CD4, cells/mm3 82 (26; 253.5) 159 (16.5; 359.5) 0.29

CART, n (%) 24 (88.9) 18 (69.2) 0.099

CPE 8 (6; 9) 6 (5.5; 9) 0.339

Log Plasma HIV RNA 1.7(1.7; 1.97) 2.8 (1.7; 3.8) 0.012

plasma HIV RNA < 50 copies/mL 20 (74.1) 9 (34.6) 0.006

Log CSF HIV RNA 1.7 (1.7; 2.2) 2.2 (1.7; 2.9) 0.084

CSF Viral load < 50 copies/mL, n(%) 16 (59.3) 10 (38.5) 0.173

HIV RNA CSF > blood, n(%) 3 (11) 3 (11.5) 1.00

GDS 0,95 (0,275; 1,725) 0,50 (0,225; 0,875) 0.126

HCVa, n (%) 6 (22.0) 2 (7.7) 0.250

Data are median (IQR) or number of cases (%)

CART- Combination anti-retroviral therapy

CPE- ARV CNS Penetration Effectiveness Rank19

GDS- Global deficit score.

a
Hepatitis C virus (HCV) status was assessed by antibody testing (Abbott-Architect).

Significant differences are highlighted in bold.
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