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Abstract This study aimed to examine cognitive function in
acute/early HIV infection over the subsequent 2 years. Fifty-
six HIV+ subjects and 21 seronegative participants of the
Chicago Early HIV Infection Study were evaluated using a
comprehensive neuropsychological assessment at study en-
rollment and at 2-year follow-up. Cognitive performancemea-
sures were compared in the groups using t tests and mixed-
effect models. Patterns of relationship with clinical measures
were determined between cognitive function and clinical sta-
tus markers using Spearman’s correlations. At the initial
timepoint, the HIV group demonstrated significantly weaker
performance on measures of verbal memory, visual memory,
psychomotor speed, motor speed, and executive function. A
similar pattern was found when cognitive function was exam-
ined at follow-up and across both timepoints. The HIV sub-
jects had generally weaker performance on psychomotor
speed, executive function, motor speed, visual memory, and

verbal memory. The rate of decline in cognitive function
across the 2-year follow-up period did not differ between
groups. Correlations between clinical status markers and cog-
nitive function at both timepoints showed weaker perfor-
mance associated with increased disease burden.
Neurocognitive difficulty in chronic HIV infection may have
very early onset and reflect consequences of initial brain viral
invasion and neuroinflammation during the intense, uncon-
trolled viremia of acute HIV infection. Further characteriza-
tion of the changes occurring in initial stages of infection and
the risk and protective factors for cognitive function could
inform new strategies for neuroprotection.
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Introduction

HIV infection confers high risk of deterioration in cognitive
function (Heaton et al. 2010; Heaton et al. 2011). The preva-
lence of overt dementia fromHIV infection has declined in the
contemporary treatment era (Antinori et al. 2007; Heaton et al.
2010; Heaton et al. 2011). Yet, despite long-term treatment
characterized by sustained suppression of viral replication,
HIV-associated neurocognitive disorder (HAND) is diag-
nosed in over 60% of infected individuals (Tozzi et al.
2007). HIV-infected individuals who underperform on neuro-
psychological evaluation, even if asymptomatic, are more
likely to progress to clinically symptomatic cognitive impair-
ment (Tozzi et al. 2007; Nightingale et al. 2014).

HIV-associated neurocognitive disorder is associated with
impairment in everyday functioning, higher levels of depen-
dence, unemployment, morbidity, and poorer outcome
(Heaton et al. 2004; Scott et al. 2011; Doyle et al. 2013).
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Changes in brain structure and metabolites have been detected
early in HIV infection (Lentz et al. 2011; Wang et al. 2011,
Ragin et al. 2012, 2015). Neuropsychological manifestations
of early brain changes have also been shown as early as within
100 days of initial infection (Ragin et al. 2015).

Whether these very early neuropsychological findings are
transient in association with the immune disturbances of acute
HIV and how they evolve across the early clinical course are
not well understood. This longitudinal investigation examined
the evolution of cognitive function across the first years of
infection in participants of the Chicago Early HIV Infection
Study. A comprehensive neuropsychological test battery was
used to evaluate verbal memory, visual memory,
visuoconstruction, psychomotor speed, reaction time, motor
speed, and executive function in acute/early infection and then
again at an average of 2 years later.

Methods

Standard protocol approvals, registrations, and patient con-
sents. The Northwestern University Institutional Review
Board approved this investigation. All subjects provided writ-
ten informed consent.

Participants Fifty-six HIV (49 men, 7 women; mean age
32.9 ± 9.8 years) and 21 seronegative (16 men, 5 women;
mean age 31.4 ± 8.8 years) participants were enrolled from
similar urban Chicago areas. Forty-five HIV and 18 seroneg-
ative controls were available for follow-up of an average of
2.4 years later (mean follow-up 869.3 ± 320 days). Exclusion
criteria included chronic neurologic disorder, head injury,
radiation/chemotherapy (prior month), uncontrolled seizure
disorder, experimental drugs or vaccination within the past
15 days, mental condition involving inability to understand,
chronic/active alcohol abuse, chronic/active drug abuse, preg-
nancy, opportunistic infection, cancer, or medical condition
(heart, liver, or kidney). HIV subjects were enrolled based
on referrals from the emergency room, Infectious Disease
Clinic, and Sexually Transmitted Disease Clinic of
Northwestern Memorial Hospital or through self-referral.
Participants with self-reported recent HIV infection were
screened before study enrollment for an available prior nega-
tive test result or clinical history suggesting recent infection
(e.g., symptoms consistent with acute HIV after unprotected
high-risk sexual behavior or newly diagnosed HIV in a sexual
partner). All infected participants reported sexual transmission
as the method of infection. Seronegative subjects were recruit-
ed from the same Chicago urban areas. Demographic and
clinical information are presented in Table 1. HIV and sero-
negative groups did not differ in age, gender, racial composi-
tion, educational level, and alcohol use. Marijuana use was
higher in the HIV group in this observational cohort. Other

substances did not differ, and IV drug use was not reported in
either group (Table 1).

Blood samples were collected from all subjects. HIV
serostatus was determined by enzyme-linked immunosorbent
assay and Western blot. An early infection assay (EIA) was
used to assess duration of infection (Blood Systems Research
Institute, San Francisco, CA). Antibody non-reactivity was
used to define primary infection, estimated as less than
4 months post-infection (pi) (n = 15); 4–12 months pi
(n = 15), infected >12–24months (n = 26). For the HIV group,
absolute CD4 T cell counts ranged from 139 to 1282 cells/μL
(mean 546 ± 254.0 cells/μL); plasma viral load (log10) ranged
from undetectable to 5.54 copies/mL (mean 3.34 ± 1.5
copies/mL). Plasma viral load was undetectable (<50
copies/mL) in 11 of the 56 HIV subjects, including 10 sup-
pressed on antiretroviral therapy (ART) (0–4 months pi: n = 2;
4–12months pi: n = 2, >12–24months pi: n = 6). Thirty of the
HIV subjects were ART naive and 26 had initiated treatment
with subgroup distribution as follows: 0–4 months pi: 7 naive,
8 ART; 4–12months pi: 11 naive, 4 ART; and >12–24months
pi: 12 naive; 14 ART.

Cognitive assessment The neuropsychological test battery in-
cluded tests that have been used in HIV neurologic outcome
studies (Selnes et al. 1991; Sevigny et al. 2004). Cognitive
measures included verbal memory using the Rey Auditory
Verbal Learning Test (Selnes et al. 1990), visual memory using
the Rey-Osterrieth Complex Figure Immediate Recall Test
(Rey 1941), and visuoconstruction skills using the Ray
Complex Figure Copy (Rey 1941). Psychomotor skills were
assessed using the Digit Symbol Test (Wechsler 1981; Selnes
et al. 1990); reaction times were measured using the California
Computerized Assessment Package (CALCAP) (Miller et al.
1991); and motor skills were assessed using Grooved Pegboard
(GP) for the dominant and non-dominant hands (Klove 1963;
Selnes et al. 1990) and TimedGait tests (Robertson et al. 2006).
Executive function was assessed with the Controlled Oral
Word Association Test (i.e., verbal fluency) (Benton and
Hamsher 1976), Letter-Number Sequencing of the WAIS-III
(Wechsler 1997), Trail Making Test (Bondy 1994; Tombaugh
2004), and Odd Man Out (Flowers and Robertson 1985) tests.

Statistical analysis Initially, the cross-sectional data at base-
line and at follow-up were analyzed separately. Group com-
parisons were accomplished with independent t tests.
Longitudinal analyses considering all available data at both
timepoints were accomplished with mixed-effect models
using a subject-specific random intercept, HIV group effect,
time (in days) in study, and HIV by time interaction. Wald
tests were used for HIV main effects and HIV by time inter-
actions. All subjects, with or without a follow-up, were includ-
ed in the model. Between-group comparisons of cognitive
measures between HIV and control groups were considered
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a priori analyses; a significance level of 0.05 was used.
Spearman correlation coefficients were used to examine rela-
tionships of neuropsychological measures and clinical status
measures. All analyses were executed in R.

Results

Cross-sectional univariate group comparisons At baseline,
the HIV group had generally poorer cognitive performance
with significant differences identified for Digit Symbol
(p < 0.0001), Rey Complex Figure Recall (p = 0.001), and
Rey Auditory Verbal Learning (p = 0.010). Differences at
baseline were also indicated for verbal fluency (p = 0.02),
letter-number sequencing (p = 0.02), and Grooved Pegboard
(dominant p = 0.05 and non-dominant p = 0.04). At follow-up,
cognitive performance measures for the HIV group were gen-
erally poorer, with differences identified for Odd Man Out
(p = 0.007); Digit Symbol (p = 0.02); verbal fluency
(p = 0.02); Grooved Pegboard, dominant (p = 0.04); and
Rey Complex Figure Recall (p = 0.05). Results are shown in
Table 2.

Longitudinal analysis Longitudinal analysis considering
all available data at both timepoints was accomplished
with mixed-effect models using a subject-specific ran-
dom intercept, HIV group effect, follow-up time (in
days), and HIV by time interaction. The HIV group
had generally poorer cognitive performance than con-
trols. Significant differences were indicated for Digit
Symbol (p = 0.0005) and verbal fluency (p = 0.007).

Differences were also indicated for Grooved Pegboard
(dominant p = 0.03 and non-dominant p = 0.05) and
Rey Complex Figure Recall (p = 0.03). Rey Auditory
Verbal Learning was nearly significant (p = 0.058).
When the rate of change over time in individual cogni-
tive tests was compared in HIV and control groups, there
was no significant group by time interactions. Results are
shown in Table 3.

Correlations with clinical status Table 4 presents Spearman
correlation coefficients for the neuropsychological measures
and important markers of HIV clinical status (HIVRNA, CD4
count, CD4 nadir, and hemoglobin). At baseline, significant
correlations were identified between CD4 count and
California Computerized Assessment Package (CALCAP)
Choice (rho = −0.29; p = 0.03), between CD4 nadir and
CALCAP Choice (rho = −0.32; p = 0.02), and between he-
moglobin and Trail B (rho = −0.27; p = 0.02). At follow-up,
significant correlations with plasma HIV RNA level were
identified for Rey Auditory Verbal Learning (rho = −0.33;
p = 0.03) and Grooved Pegboard, non-dominant (rho = 0.31;
p = 0.04); CD4 count was significantly correlated with
CALCAP Sequential (rho = −0.44; p = 0.01). There were
numerous significant correlations between hemoglobin and
the cognitive measures at follow-up, including Rey Complex
Figure Recall (rho = 0.27; p = 0.04), Rey Complex
Figure Copy (rho = 0.28; p = 0.03), CALCAP Sequential
(rho = −0.35; p = 0.01), Timed Gait (rho = −0.41;
p = 0.001), Trail Making A (rho = −0.26; p = 0.04), and
Odd Man Out (rho = 0.26; p = 0.05).

Table 1 Subject characteristics
HIV Controls p value
n = 56 n = 21

Demographics

Age (mean ± SD) 33.2 ± 9.9 31.4 ± 8.8 0.45

Gender (% male) 88% 76% 0.22

Race (% white) 63% 76% 0.22

Education (% college) 81% 89% 0.29

Substance use

Alcohol (5 + drinks/day) 7 4 0.51

Marijuana 15 2 0.04*

Cocaine 3 0 0.08†

Amphetamines 2 0 0.39

Heroin 0 0 –

Other 2 0 0.39

Clinical status in the HIV group

Antiretroviral therapy (% initiated) 48%

CD4+ cell count cells/μL (mean ± SD) 546 ± 254

Plasma HIV RNA (log10 copies/mL) 3.31 ± 1.5

*p < 0.05; **p < 0.01; †p = 0.06–0.10

J. Neurovirol. (2017) 23:273–282 275



T
ab

le
2

C
og
ni
tiv

e
fu
nc
tio

n
at
ba
se
lin

e
an
d
fo
llo

w
-u
p

B
as
el
in
e

F
ol
lo
w
-u
p

H
IV

C
on
tr
ol
s

H
IV

C
on
tr
ol
s

D
om

ai
ns

Te
st
s

(n
=
56
)

(n
=
21
)

(n
=
45
)

(n
=
18
)

M
ea
n
(S
D
)

M
ea
n
(S
D
)

p
E
ff
ec
ts
iz
e

M
ea
n
(S
D
)

M
ea
n
(S
D
)

p
E
ff
ec
ts
iz
e

V
er
ba
lm

em
or
y

R
ey

A
ud
ito

ry
V
er
ba
lL

ea
rn
in
g

11
.8
0
(2
.5
6)

13
.0
0
(1
.4
1)

0.
01
**

−0
.5
2

12
.5
8
(2
.1
6)

13
.0
6
(1
.8
9)

0.
39

−0
.2
3

V
is
ua
lm

em
or
y

R
ey

C
om

pl
ex

Fi
gu
re

R
ec
al
l

22
.5
4
(7
.2
1)

27
.6
1
(4
.5
9)

0.
00
1*
*

−0
.7
7

22
.8
9
(7
.1
2)

27
.2
2
(7
.9
0)

0.
05
*

−0
.5
9

V
is
uo
co
ns
tr
uc
tio

n
R
ey

C
om

pl
ex

Fi
gu
re

C
op
y

32
.3
1
(4
.2
1)

33
.9
4
(3
.5
4)

0.
12

−0
.4
0

33
.1
1
(2
.7
8)

33
.7
8
(5
.0
7)

0.
61

−0
.1
9

Ps
yc
ho
m
ot
or

D
ig
it
S
ym

bo
l

57
.8
7
(1
0.
54
)

68
.3
8
(8
.0
4)

<
0.
00
1*
*

−1
.0
6

62
.2
2
(1
1.
53
)

70
.0
6
(1
0.
86
)

0.
02
*

−0
.6
9

R
ea
ct
io
n
tim

e
C
A
L
C
A
P
C
ho
ic
e

42
2.
80

(5
2.
77
)

42
3.
62

(5
5.
33
)

0.
95

−0
.0
2

41
8.
74

(3
3.
63
)

40
5.
69

(3
3.
41
)

0.
20

0.
39

C
A
L
C
A
P
Se
qu
en
tia
l

53
3.
37

(1
04
.1
3)

54
2.
81

(9
8.
18
)

0.
72

−0
.0
9

53
7.
42

(9
4.
47
)

54
7.
25

(8
1.
69
)

0.
70

−0
.1
1

M
ot
or

sp
ee
d

G
ro
ov
ed

P
eg
bo
ar
d
(d
om

in
an
t)

65
.0
2
(8
.1
9)

60
.0
5
(9
.6
1)

0.
05
*

0.
58

64
.6
4
(1
1.
56
)

59
.2
2
(8
.0
9)

0.
04
*

0.
51

G
ro
ov
ed

P
eg
bo
ar
d
(n
on
-d
om

in
an
t)

71
.1
3
(1
0.
18
)

65
.5
0
(9
.8
2)

0.
04
*

0.
56

71
.4
9
(1
6.
19
)

65
.6
7
(1
2.
57
)

0.
14

0.
38

T
im

ed
G
ai
t

9.
54

(2
.0
3)

9.
25

(1
.2
6)

0.
46

0.
16

30
.8
2
(7
.8
5)

29
.1
2
(6
.1
5)

0.
37

0.
23

E
xe
cu
tiv

e
fu
nc
tio

n
V
er
ba
lf
lu
en
cy

36
.3
5
(8
.8
7)

42
.5
7
(1
0.
17
)

0.
02
*

−0
.6
7

38
.4
6
(8
.8
0)

45
.1
7
(9
.8
1)

0.
02
*

−0
.7
4

L
et
te
r-
nu
m
be
r
se
qu
en
ci
ng

11
.7
2
(2
.7
8)

13
.7
0
(3
.3
1)

0.
02
*

−0
.6
8

13
.3
1
(7
.1
2)

12
.0
0
(2
.7
6)

0.
30

0.
21

T
ra
il
M
ak
in
g
A

27
.9
5
(8
.7
9)

26
.5
7
(8
.8
6)

0.
55

0.
16

24
.0
4
(6
.3
3)

22
.6
1
(6
.1
8)

0.
42

0.
23

T
ra
il
M
ak
in
g
B

64
.1
1
(2
5.
79
)

59
.9
5
(1
7.
27
)

0.
42

0.
18

57
.9
3
(1
6.
09
)

51
.3
3
(1
4.
99
)

0.
14

0.
42

O
dd

M
an

O
ut

9.
78

(0
.3
0)

9.
89

(0
.2
3)

0.
09
†

−0
.3
9

9.
74

(0
.3
8)

9.
94

(0
.1
9)

0.
00
7*
*

−0
.6
0

*p
<
0.
05
;*

*p
<
0.
01
;†

p
=
0.
06
–0
.1
0

276 J. Neurovirol. (2017) 23:273–282



Discussion

The status of cognitive function following initial HIV infec-
tion and the changes that occur across the early clinical course

are not well understood. This longitudinal study evaluated
neuropsychological performance measures in participants
within approximately the first year of infection, and then again
2 years later. At the initial evaluation, the HIV group had

Table 3 Cognitive function in
HIV vs. controls across time Main effect for group Interaction of group

by time
Domains Tests Baseline and follow-up Rate of change

p value p value

Verbal memory Rey Auditory Verbal Learning 0.05* 0.38

Visual memory Rey Complex Figure Recall 0.03* 0.73

Visuoconstruction Rey Complex Figure Copy 0.30 0.88

Psychomotor Digit Symbol 0.0005** 0.84

Reaction time CALCAP Choice 0.93 0.43

CALCAP Sequential 0.93 0.57

Motor speed Grooved Pegboard (dominant) 0.03* 0.69

Grooved Pegboard (non-dominant) 0.05* 0.68

Timed Gait 0.49 0.36

Executive function Verbal fluency 0.007** 0.24

Letter-number sequencing 0.25 0.13

Trail Making A 0.52 0.29

Trail Making B 0.51 0.10†

Odd Man Out 0.11 0.37

Mixed-effect models using all available data adjusted for follow-up time (in days)

**p < 0.01; *p < 0.05; †p = 0.06–0.10

Table 4 Correlations of clinical status markers with cognitive function

Baseline Follow-up

Domains Tests HIV
RNA

CD4 CD4 nadir Hemoglobin HIV RNA CD4 CD4
nadir

Hemoglobin

Verbal memory Rey Auditory Verbal
Learning

0.048 0.218 0.192 0.073 −0.326* 0.000 −0.061 0.092

Visual memory Rey Complex
Figure Recall

0.036 0.173 0.166 0.202† 0.034 0.101 0.063 0.266*

Visuoconstruction Rey Complex
Figure Copy

−0.087 0.057 0.048 0.130 −0.224 −0.183 −0.129 0.280*

Psychomotor Digit Symbol −0.047 0.103 0.055 0.047 −0.074 −0.037 0.049 0.239†

Reaction time CALCAP Choice 0.034 −0.296* −0.320* −0.085 0.074 −0.187 −0.243 −0.002
CALCAP Sequential −0.054 −0.194 −0.242† −0.006 0.252 −0.436* −0.268 −0.349**

Motor speed Grooved Pegboard
(dominant)

−0.158 0.007 −0.001 −0.139 0.173 0.008 0.001 −0.233†

Grooved Pegboard
(non-dominant)

0.075 −0.098 −0.079 −0.103 0.314* −0.157 0.015 −0.208

Timed Gait −0.014 −0.087 −0.097 −0.197† 0.199 −0.059 −0.021 −0.406**
Executive

function
Verbal fluency 0.035 −0.121 −0.107 0.104 −0.279† 0.161 0.089 0.191

Letter-number
sequencing

0.069 −0.025 −0.060 0.107 −0.263† −0.013 0.071 0.208

Trail Making A 0.101 −0.161 −0.164 −0.206† 0.054 −0.092 −0.110 −0.257*
Trail Making B −0.078 −0.184 −0.191 −0.274* −0.213 0.147 −0.145 −0.170
Odd Man Out −0.032 0.197 0.212 0.084 −0.237 0.047 0.101 0.257*

Spearman’s correlations

*p < 0.05; **p < 0.01; †p = 0.06–0.10
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weaker performance on measures of psychomotor speed
(Dig i t Symbol ) , v i sua l memory (Rey Complex
Figure Recall), verbal memory (Rey Auditory Verbal
Learning), executive function (verbal fluency and letter-
number sequencing), and motor speed (Grooved Pegboard
dominant and non-dominant).

Information concerning cognitive status in early infection
is very limited because often HIV is not diagnosed in initial
stages. Neuropsychological performance measures are not
routinely evaluated in those patients presenting with initial
symptoms (i.e., acute HIV) or in primary infection. It is diffi-
cult to stage duration of infection in individual patients.
Studies of cognitive changes have used different definitions
of early disease, using asymptomatic participants character-
ized variously by CDC stage (i.e., pre-acquired immunodefi-
ciency syndrome (AIDS)), neuropsychological test standards,
or HAND diagnosis. This study based on duration of infection
found differences on neuropsychological measures. The pat-
tern is consistent with cognitive deficits in chronic HIV infec-
tion involving learning new information, delayed cognitive
processing, and slower completion of tasks requiring psycho-
motor coordination (Miller et al. 1990; Lezak et al. 2004;
Antinori et al. 2007; Moore et al. 2011). Other evidence sup-
ports early onset of cognitive deterioration in HIV infection.
An investigation, at a 3.5-month duration (median), found that
the majority of subjects had cognitive impairment in one or
more domains (Paterson et al. 2010). Weaker psychomotor
performance and a correlation with reduced putamen volume
have been found in the first year of infection (Wright et al.
2016). Other studies of this period have found functional con-
nectivity changes involving visual networks that correlate
with visual-motor coordination (Wang et al. 2011) and dimin-
ished psychomotor speed, visual memory, executive function,
andmotor speed (Ragin et al. 2012). Diminished psychomotor
speed and visual memory have been reported within 100 days
of initial infection (Ragin et al. 2015). Early change in cogni-
tive function is also supported by retrospective analyses of
data available from large longitudinal studies for subgroups
with estimated seroconversion dates. The CHARTER group
found a Bstair step^ trend across seronegatives, acute/early
(median 16 weeks), and chronic HIV (median 4.9 years)
groups, suggesting early decline in executive functioning, in-
formation processing speed, learning, recall, and working
memory (Moore et al. 2011). Rare data for cognitive function
before and after seroconversion from a subsample of the
Multicenter AIDS Cohort indicated significant change in ex-
ecutive function following HIV seroconversion (Vo et al.
2013). The MACS study did not find psychomotor losses
within the first 2 years of infection. Differences in psychomo-
tor findings may be due to sample composition, inclusion
criteria, study design, specific neurocognitive measures, or
timing of cognitive assessment. The retrospective MACS
analysis included only male subjects with CD4 >500,

spanning both pre- and post-ART treatment eras. The prospec-
tive ART era Chicago study did not use immune status as an
inclusion criterion, and findings for cognitive status were
based on comparison with seronegative controls.

Imaging studies of acute and early infections have reported
differences in brain metabolites, including increased choline
in the frontal gray matter and white matter (Lentz et al. 2011),
changes in functional connectivity (Wang et al. 2011; Ragin
et al. 2012), volumetric reductions in gray matter and alter-
ations in basal ganglia (Sailasuta et al. 2012), putamen
(Wright et al. 2016), lenticular nucleus (Ances et al. 2009),
occipital gray matter (Ances et al. 2009; Sailasuta et al. 2012),
and subcortical structures (Ances and Ellis 2007). Structural
and microstructural brain changes have been detected within
the first 100 days of infection, including volume reduction in
parenchyma, enlargement of third ventricle, loss of white mat-
ter integrity in corpus callosum, and diffusion alterations in
caudate (Ragin et al. 2015). Taken together, this evidence
supports early onset of change in cognitive function.

This longitudinal study extends prior results from the
Chicago Early HIV Infection cohort by evaluating cognitive
status across the subsequent 2 years. In cross-sectional compar-
ison of the groups at follow-up (Table 2), the HIV subjects
showed weaker performance on measures of psychomotor
speed, visual memory, motor speed, and executive function.
New findings emerged for a measure of executive function
(Odd Man Out). Group differences between HIV and controls
on select measures of verbal memory, motor speed (Grooved
Pegboard—non-dominant), and executive function (letter-num-
ber sequencing), that were observed at baseline, were no longer
significant at follow-up. When all available cognitive function
measures were examined in longitudinal analysis across both
time periods adjusting for follow-up time, the HIV group had
weaker HIV performance on visual memory, psychomotor
speed, motor speed, and executive function (Table 3). There
were no differences between the groups in rate of decline in
the cognitive performance measures over the 2-year follow-up.
These findings are consistent with the clinical course of HAND
involving indolent progression across time (Antinori et al.
2007) and with evidence that risk of cognitive impairment in-
creases with duration of infection (Rao et al. 2014).

Psychomotor speed, as measured by the Digit Symbol Test,
showed the most marked difference from controls at both time
periods. The findings indicate psychomotor slowing early in
infection, and this is sustained over the subsequent clinical
course. While still diminished compared to controls, some
improvement in psychomotor speed was observed between
baseline assessment in early infection and follow-up
(p = 0.03). There was no significant change in psychomotor
performance over the same period in the seronegative controls
(supplemental Fig. 1). These results highlight the dynamic
nature of neurocognitive change in early HIV. Decreases in
psychomotor speed have been associated with systemic
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viremia (Sacktor et al. 2003). Other evidence indicates re-
duced psychomotor speed in early infection (Wright et al.
2016), suggesting potential utility as a measure of neurological
vulnerability and progression (Sacktor et al. 1996, 2003).
Tasks that assess psychomotor functioning are among themost
sensitive for discriminating symptomatic HIV+ subjects from
controls (Miller et al. 1990). Psychomotor speed may repre-
sent a sensitive measure for monitoring response to treatment.
Virologic suppression has been associated with improved per-
formance on psychomotor tasks (Sacktor et al. 2003).

Comparison of HIV subgroups classified for marijuana use
indicated greater impairment only for Grooved Pegboard at the
initial timepoint (data not shown). Whereas marijuana use may
amplify impairment on this cognitive performance measure in
early HIV, it does not appear to account for the more global
pattern of cognitive differences observed at both timepoints and
across time. Because pre-infection cognitive data are not avail-
able for the HIV participants, the possibility that the HIV-
infected population had lower cognitive function prior to infec-
tion cannot be excluded. Lower pre-morbid cognitive function
is unlikely to account for findings in the HIV group. There was
no systematic bias in recruitment of subjects. HIV and control
participants were recruited from similar urban Chicago areas to
balance the groups for background. In addition, a relatively
large sample of participants in early infection was evaluated
(n = 56). The dynamic changes that were observed, involving
improvement in some domains and decline in others, mirror the
turbulent initial stages of infection, involving symptomatic
acute HIV, intense viremia, and cytokine storm followed by a
more quiescent asymptomatic period with the mounting of host
response (Rao et al. 2014). Vo et al. found change in executive
function before and after HIV seroconversion (Vo et al. 2013).
Finally, our findings are consistent with imaging evidence of
brain alterations early in HIV infection (Ances and Ellis 2007;
Ances et al. 2009; Paterson et al. 2010; Lentz et al. 2011;
Moore et al. 2011; Wang et al. 2011; Ragin et al. 2012;
Sailasuta et al. 2012; Ragin et al. 2015; Wright et al. 2016).

The neuropsychological measures were also examined for
relationships with important HIV clinical status markers
(Table 4). At baseline, lower CD4 and CD4 nadir were corre-
lated with longer reaction times and lower hemoglobin was
associated with delayed completion of Trail Making B, which
is considered a measure of executive function. More extensive
relationships with clinical status were observed at follow-up,
particularly with lower hemoglobin. At follow-up, higher viral
load was associated with weaker scores on verbal learning and
visual-motor coordination and lower CD4 correlated with lon-
ger reaction time. Lower hemoglobin correlated with weaker
scores on numerous cognitive measures, including psychomo-
tor, visual memory, visuoconstruction, motor performance,
spatial skills, and executive function. To evaluate prognostic
significance, clinical status measures at baseline were also cor-
related with neuropsychological measures at follow-up (data

not shown). Hemoglobin level at baseline correlated with per-
formance on the letter-number sequencing task, a measure of
working memory, at follow-up (rho = 0.301; p = 0.018). Other
studies have reported prognostic significance for the hemoglo-
bin and the related markers, IL-6 and hematocrit, for neurolog-
ical disease progression in HIV infection (McArthur et al.
1993; Hamlyn et al. 2014). IL-6 and hematocrit have been
associated with brain alterations quantified with neuroimaging
in the earliest period of infection (Cao et al. 2015).

The early, natural history of HIV infection is marked by
rapid increase in viremia and widespread dissemination to
tissues in the body, followed by an adaptive immune response
that rapidly brings down plasma viral load, usually to unde-
tectable levels within the first 3 months. Nevertheless, the
virus continues to replicate in cells that are minimally activat-
ed, and these cells are able to persist even after ART
(Stevenson 2003). Early viral tropism and CNS compartmen-
talization allow viral replication and adaptation specifically in
the CNS environment (Zayyad and Spudich 2015). This time
period, marked by dramatic fluctuation in viral load and in
loss of CD4 (Stevenson 2003), may be relevant to an under-
standing of neurocognitive changes in initial stages of infec-
tion. While transient, it has been shown that the extent of
initial viremia predicts long-term outcomes including progres-
sion to AIDS and duration of survival (Mellors et al. 1996).

Diminished cognitive function in early HIV infection may
reflect consequences of viral invasion of the brain in association
with the intense, uncontrolled viremia that occurs soon after
transmission (Stevenson 2003). Virus can be detected in the ce-
rebrospinal fluid within 8 days of infection (Spudich et al. 2011),
and patients with acute HIV may present with headache and
symptoms ofmeningoencephalitis, which is consistent with early
brain involvement (Lamers et al. 2011). HIVmay gain ingress to
the brain in this period either as free virus or through infected
monocytes (Price 2000; Rao et al. 2014), and neuroinflammation
is evident early in infection (Zayyad and Spudich 2015).

Mechanisms underlying neuronal injury have not been elu-
cidated, particularly in the earliest stages. Various lines of
evidence indicate that HIV-associated neurocognitive disorder
(HAND) has a basis in neuronal and axonal injury, owing to
viral proteins and an inflammatory milieu of elevated levels of
monocyte-derived macrophages, cytokines, chemokines, and
other neurotoxic factors (Rao et al. 2014). Biomarkers such as
neurofilament light chain that have been used to detect inflam-
mation and neuronal injury in chronic infection (Abdulle et al.
2007; Canizares et al. 2014) have been found in acute infec-
tion (Peluso et al. 2013). Brain metabolites like choline and
creatine are elevated both in acute and in chronic infections
(Sailasuta et al. 2012). Prolonged immune activation, involv-
ing increased permeability of the blood brain barrier and ac-
celerated monocyte trafficking to the brain, may have delete-
rious consequences, leading to neural injury (Price 2000; Rao
et al. 2014).
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When interpreting these findings, it is important to appreciate
that the results are based on scores on neuropsychological tests.
These subjects may not present symptomatic evidence of cog-
nitive difficulties or impaired function in early infection. HAND
is diagnosed as asymptomatic neurocognitive impairment
(ANI), HIV-associated mild neurocognitive disorder (MND),
and HIV-associated dementia (HAD). ANI is defined by perfor-
mance at least one standard deviation below the mean of demo-
graphically adjusted normative scores in at least two cognitive
areas, with a minimum of five total cognitive areas observed
(Antinori et al. 2007).

The findings of this study are consistent with the pattern of
weaker performance observed in advanced infection on neu-
ropsychological tests, such as Digit Symbol; Rey Auditory
Verbal Learning; Grooved Pegboard, dominant and non-
dominant; and Trail Making (Miller et al. 1990). Studies of
chronic HIV infection have found differences involving im-
paired verbal functioning, memory, information processing,
learning, and motor function (Arendt et al. 1994; Cherner
et al. 2002). Impairment in certain cognitive functions persists
even with successful therapy and suppression of viral load
(Tozzi et al. 2007; Heaton et al. 2010; Heaton et al. 2011).
Diminished cognitive function has implications for functional
capacity in daily living independence and unemployment
(Heaton et al. 2004; Antinori et al. 2007; Scott et al. 2011).

This observational study included both ART-initiated
(n = 26) and naive (n = 30) subjects at the baseline timepoint.
To gain insights concerning effects of viral infection indepen-
dent of treatment, the ART naive subgroup was also compared
to seronegative controls (data not shown). The pattern of neu-
ropsychological change was similar to results for the larger

cohort. ART naive subjects had significantly weaker perfor-
mance on psychomotor speed (Digit Symbol; p = 0.0002;
Grooved Pegboard, non-dominant; p = 0.03; and Grooved
Pegboard, dominant; p = 0.05) and executive function (verbal
fluency; p = 0.01) at the baseline timepoint. There were no
differences in cognitive status between ART and naive HIV+
subgroups at baseline.When these subgroups were compared at
follow-up, the subgroup on ART at baseline had significantly
stronger scores on Grooved Pegboard non-dominant task
(p = 0.03) compared to those who were ART naive at baseline
(data not shown). Change in cognitive function was also eval-
uated before and after ART in the subgroup of subjects (n = 19)
who were naive at baseline and then subsequently initiated
antiretroviral treatment (Table 5). Significant improvement
was quantified on measures of verbal memory (Rey Auditory
Verbal Learning average; p = 0.02) and executive function
(Trail A; p = 0.02) following ART. There were no differences
across time in the HIV subgroup on ART at baseline. The cog-
nitive measures were also correlated with a measure of CNS
penetration in the ART subgroup (Letendre et al. 2008). This
analysis indicated a significant inverse correlation with verbal
fluency (r = −0.42; p = 0.03) at baseline, suggesting that higher
CNS penetration correlated with weaker performance. At fol-
low-up, however, significant correlations were identified with
verbal memory (r = 0.37; p = 0.02) and Timed Gait, a measure
of motor speed (r = −0.48; p = 0.002), suggesting improved
function with higher CNS penetration. Further studies that in-
clude analysis of CSF in early infection may be particularly
informative for clarifying the relationship between the CNS
viral reservoir, ART penetration, and how timing of treatment
initiation may modify cognitive outcome.

Table 5 Cognitive function before and after ART initiation in an HIV subgroup

Domains Tests Treatment naive at baseline Following ART initiation p value

Verbal memory Rey Auditory Verbal Learning average 10.23 (1.385) 10.84 (1.788) 0.023*

Visual memory Rey Complex Figure Recall 22.73 (2.357) 23.61 (1.650) 0.089†

Visuoconstruction Rey Complex Figure Copy 32.50 (7.445) 33.39 (7.163) 0.094†

Psychomotor Digit Symbol 57.80 (9.418) 61.21 (11.400) 0.089†

Reaction time CALCAP Choice 423.68 (46.829) 427.94 (37.954) 0.557

CALCAP Sequential 555.42 (111.380) 524.81 (97.914) 0.065

Motor speed Grooved Pegboard (dominant) 64.20 (6.544) 64.90 (7.310) 0.845

Grooved Pegboard (non-dominant) 72.15 (12.517) 74.93 (18.799) 0.364

Timed Gait 9.29 (1.301) 9.14 (1.399) 0.532

Executive function Verbal fluency 36.85 (7.136) 39.50 (7.548) 0.253

Letter-number sequencing 12.55 (2.689) 15.11 (10.311) 0.273

Trail Making A 26.95 (7.535) 23.37 (5.833) 0.020*

Trail Making B 54.75 (17.069) 58.35 (18.591) 0.298

Odd Man Out 9.75 (0.343) 9.78 (0.299) 1.000

Paired t tests in 19 treatment naive subjects who subsequently initiated ART by follow-up.

*p < 0.05; **p < 0.01; †p = 0.06–0.10

280 J. Neurovirol. (2017) 23:273–282



Conclusion

These findings indicate early changes in specific cognitive
functions that are sustained across the subsequent course.
While there may be some degree of recovery following the
immune perturbances of seroconversion, function in specific
domains may never return to pre-infection levels. These find-
ings underscore the necessity of focusing on early infection
for neuroprotective intervention. Further characterization of
the changes occurring in initial stages of infection and the risk
and protective factors for cognitive function could inform new
strategies for neuroprotection.
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