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Background. Central nervous system (CNS) human immunodeficiency virus (HIV) infection and immune
activation lead to brain injury and neurological impairment. Although HIV enters the nervous system soon after
transmission, the magnitude of infection and immunoactivation within the CNS during primary HIV infection
(PHI) has not been characterized.

Methods. This cross-sectional study analyzed cerebrospinal fluid (CSF) and blood from 96 participants with
PHI and compared them with samples from neuroasymptomatic participants with chronic infection and =200 or
<200 blood CD4 T cells/pL, and with samples from HIV-seronegative participants with respect to CSF and plasma
HIV RNA, CSF to serum albumin ratio, and CSF white blood cell counts (WBC), neopterin levels, and concentrations
of chemokines CXCL10 and CCL2.

Results. The PHI participants (median 77 days post transmission) had CSF HIV RNA, WBC, neopterin, and
CXCL10 concentrations similar to the chronic infection participants but uniquely high albumin ratios. 18 participants
had =100 copies/mL CSF HIV RNA, which was associated with low CSF to plasma HIV ratios and levels of CSF
inflammation lower than in other PHI participants but higher than in HIV-seronegative controls.

Conclusions. Prominent CNS infection and immune activation is evident during the first months after HIV
transmission, though a proportion of PHI patients demonstrate relatively reduced CSF HIV RNA and inflammation
during this early period.

Long-term chronic exposure of the central nervous system limited to access to combination antiretroviral therapy

(CNS) to human immunodeficiency virus (HIV) leads to
HIV-associated dementia in 20%—-30% of untreated pa-
tients, both historically and currently in populations with
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(cART) [1, 2]. Less-severe cognitive impairment, which
nonetheless may impair quality of life and productive
function, is frequently detected in patients on cART,
suggesting earlier or ongoing less-severe injury [3, 4].
CNS HIV infection is also associated with a compart-
mentalized tissue reservoir that allows independent viral
replication and selection that may have implications for
systemic HIV disease and response to therapy [5]. These
CNS effects of HIV have been previously considered
significant only after many years of infection, paralleling
the slow immunological decline that characterizes sys-
temic disease. However, during the weeks after initial
infection, HIV may be detected in both cerebrospinal
fluid (CSF) and brain tissue [6—9], and overt neuro-
logical disorders manifest in some patients. Moreover,
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evidence that the intestinal immune repository is permanently
depleted within 6 weeks after viral transmission [10, 11] raises
the question of whether early “silent” events in the CNS may
have similar implications for longer-term neurological integrity.

Systemic primary HIV infection (PHI) is characterized by an
early and dramatic peak of HIV RNA in the plasma [12, 13],
which is associated with clinical symptoms in at least two-thirds
of individuals [14, 15]. A smaller subset of patients develop
neurological disorders around seroconversion, including men-
ingitis, encephalopathy, myelopathy, acute mononeuropathy,
and polyradiculopathy [16-23]. However, the importance of
this early neuroinvasion and related local immune responses for
the natural history of CNS infection, establishment of the CNS
HIV reservoir, and subsequent development of HIV-related
neurological injury has not been systematically studied.

We sought to characterize early events in CNS infection and
investigate the hypothesis that very early CNS exposure to HIV
may start processes that eventually lead to neurological com-
promise. In a group of predominantly neuroasymptomatic in-
dividuals with PHI, we measured biomarkers associated with
CNS inflammation and the development of cognitive and motor
dysfunction in later stages of disease. These included: blood
and CSF HIV RNA levels; CSF white blood cell (WBC) count
and CXCL10 (interferon gamma inducible protein [IP-10]), the
principal chemokine associated with CSF lymphocytic pleocy-
tosis, as indices of inflammation; CSF neopterin and CCL2
(monocyte chemoattractant protein-1 [MCP-1]) as measures of
CNS macrophage activation and chemotaxis; and CSF to serum
albumin ratio as an indicator of blood—brain barrier disruption.

METHODS

Study Design and Participants

Paired plasma and CSF samples were obtained in the context
of observational studies in Gothenburg, Sweden; Milan, Italy;
Sydney, Australia; and San Francisco, United States. PHI par-
ticipants (n = 96) were within the first 12 months after HIV-1
transmission as confirmed by a combination of seroconversion,
nucleic acid testing, or less-sensitive enzyme-linked immuno-
sorbent assay (ELISA) testing according to the standard serologic
testing algorithm for recent HIV seroconversion (STAHRS)
methods [24]. We estimated days post-HIV transmission as-
suming exposure 14 days prior to onset of seroconversion
symptoms [25], or, in the absence of symptoms (12 participants),
we designated exposure date as the date halfway between the last
negative and first positive HIV test [26]. Comparison samples
were obtained from HIV-uninfected volunteers (n = 54) and
asymptomatic participants with chronic (>3 years duration)
HIV-1 infection, who were divided into those with CD4 counts =
200 cells/pL (n = 178) and those with < 200 cells/pL (n = 116),
all of whom were either cART naive or off of therapy for =3
months. The Institutional Review Board or equivalent body at

each institution approved the protocols, and informed consent
was obtained from all participants. A portion of the CSF HIV
RNA data was previously reported in 2 publications [9, 27].

Specimen Sampling, Processing, and Laboratory Studies

CSF, blood, and general medical and neurological assessments
were obtained as previously described [28, 29]. CSF total WBC,
protein, albumin, blood albumin, and CD4+ and CD8+ T
lymphocyte counts by flow cytometry were measured at each local
laboratory on fresh samples. Cell-free CSF and blood plasma were
also aliquoted and stored within 6 hours of collection in —70°C
freezers monitored for temperature daily using National Institutes
of Standards and Technology (NIST)-certified thermometers.
Concentrations of CSF and plasma neopterin (BRAHMS Ak-
tiengesellschaft) and CSF CXCL10 and CCL2 (R&D Systems)
were measured in previously frozen samples locally or in the
laboratory of Dr Fuchs by commercial immunoassays.

Virological Methods

We measured HIV RNA levels in previously frozen cell-free CSF
and plasma using the ultrasensitive (50 copies/mL lower limit of
detection) Amplicor HIV Monitor (version 1.5; Roche Molecular
Diagnostic Systems), Cobas TagMan RealTime HIV-1 (version 1
or 2; Hoffmann-La Roche), or the Abbott RealTime HIV-1
(Abbot Laboratories) assays. Paired blood and CSF measure-
ments were made using the same assay, typically in the same
polymerase chain reaction (PCR) run. A portion of samples
with results <50 copies/mL were retested using an ultra-
ultrasensitive modification of the Amplicor assay with a lower
detection limit of 2.5 copies/mL [30]. CSF to plasma ratio was
calculated as (log;o CSF HIV RNA - log;, plasma HIV RNA).

Statistical Analysis

Descriptive statistics were performed using Stata/SE 11.0
(StataCorp LP). The Spearman nonparametric correlation was
used for correlation between measured parameters, and simple
linear regression was used to assess laboratory measurements
according to days after HIV transmission. Group differences
were detected through the Mann—-Whitney rank sum test and
the Kruskal-Wallis test with post hoc testing corrected for
multiple comparisons. A multivariate regression model to in-
vestigate predictors of CSF HIV RNA included plasma HIV
RNA level, CSF WBC count, albumin ratio, CD4 T lymphocyte
count, and estimated days post-HIV transmission.

RESULTS

Study Participant Characteristics

HIV-infected PHI participants were studied at a median 77 days
(interquartile range [IQR], 45-143 d) after estimated viral trans-
mission (enrollment by site: Gothenburg, 22; Milan, 17; Sydney, 6;
and San Francisco, 51). Background characteristics of study par-
ticipants from all groups are presented in Table 1. Completely
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Table 1.

Background Demographic and Clinical Characteristics of Study Participants

HIV uninfected

Primary infection

Chronic HIV CD4 =200 Chronic HIV CD4 <200

Number in group b4 96

Sex, %male 81% 89.5%

Age, y 44 57 36.0
(40-50) (30-46)

CD4+ T Cells (cells/uL) 836° 575°
(674-1013) (412-730)

CD8+ T Cells (cells/uL) 464° 9944
(329-634) (692-1426)

178 116
78% 85%

36.0 375
(30-46) (32-45)
421° 66°
(300-536) (28-135)
1051° 597°
(735-1357) (395-805)

NOTE. Values shown are medians (interquartile ranges) except where noted. Significant differences between groups corrected for post hoc analysis (P < .013)

are noted:
@ Significantly different from all other groups.
b Each group comparison significant.
¢ Different from primary infection and chronic HIV CD4 = 200 groups.
d Different from HIV uninfected and chronic HIV <200 groups.

asymptomatic seroconversion was present in 12 participants.
Neurological symptoms developed during PHI in 17 participants
(though not in most at the time of sampling): encephalitis in 3,
clinical meningitis in 2, lower motor neuron facial palsy in 2, distal
paresthesias in 4, photophobia with intense headache in 4, acute
painful polyradiculopathy in 1, and brachial neuritis in 1 partic-
ipant. PHI participants were presumed to be infected with clade B
viruses except those enrolled in Gothenburg who were known to
be of more diverse geographic origin. Of 22 participants from
Gothenburg, 16 had clade information available; of these, 8 har-
bored subtype B, 1 subtype A, 1 subtype A/D, 4 subtype C viruses,
and 2 subtype CRFO1_AE.

Participants with chronic infection were neuroasymptomatic
and either cART naive or last treated >3 months earlier. Only
1 PHI participant received 10 days of cART that concluded
4.5 months prior, and another completed a 4-day course of
zidovudine/lamivudine for postexposure prophylaxis 36 days
before the visit. The groups were similar with respect to pro-
portion of women, and the HIV-seronegative group was older
than the HIV-infected groups. Despite a median duration of
only approximately 2.5 months of infection, the PHI group was
characterized by a significant reduction in blood CD4+ and
elevation in CD8+ cells compared with the HIV-seronegative
group, indicating the rapid effect on systemic T lymphocytes
during this early period of infection.

HIV RNA Levels in CSF Relative to Plasma

Individuals with PHI, as expected, had high HIV RNA levels in
plasma that were similar to those in untreated participants with
advanced immunosuppression (chronic HIV CD4 < 200), and
higher compared with levels of the group of patients with
chronic HIV CD4 and =200 (P < .0001, Figure 1A). Despite
their high plasma HIV RNA levels, participants with PHI had
median CSF HIV RNA levels that were similar to those of the

other groups (with a trend for lowest levels in PHI: 3.07 log,,
copies/mL, IQR, 2.31-4.18 log;, copies/mL in PHI participants;
3.52 log; copies/mL, IQR, 2.76-4.06 log;o copies/mL in pa-
tients with chronic HIV and CD4 counts =200; and 3.62 log,,
copies/mL, IQR, 2.55-4.24 log;, copies/mL in patients with
chronic HIV and CD4 counts <200; P = .064 for overall
comparison, Figure 1B). Thus, the median CSF to plasma
RNA ratio in PHI patients (-1.48 log;,) was at least three-fold
lower than the ratios measured in either chronic HIV group
(—0.64 log;p and —1.14 log,, Figure 1C).This low CSF relative
to plasma HIV burden during PHI indicates a clear distinction
between the 2 compartments during this early period, as well
as a fundamental difference in the relationship between the CSF
and blood compartments during PHI compared with chronic
infection, when CSF levels are typically 1 log reduced relative to
plasma levels.

Determinants of CSF Viral Burden During PHI

Although plasma HIV RNA was found in higher levels during
the earliest period of infection as expected (P = .05, Figure 1D),
CSF HIV RNA did not show a clear association with time from
HIV exposure (P = .12, Figure 1E). In the PHI group, plasma
and CSF HIV RNA showed a close association (P < .0001,
Figure 1F) to an extent similar to that seen in chronic infection
(not shown) but reflecting lower CSF relative to plasma levels.
Plasma HIV RNA level was greater than CSF level in 95 of
96 participants; 1 participant had equivalent levels, with un-
detectable HIV RNA level in both compartments. Our multi-
variate linear regression model to identify independent predictors
of CSF viral burden in PHI participants revealed that CSF HIV
RNA independently correlated with plasma HIV RNA (increasing
by 0.64 log;, for each 1 log;, increase in plasma, P < .0001), but
not significantly with CSF WBC count, albumin ratio, days
posttransmission, or blood CD4 count.
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Figure 1.

Days Post HIV Transmission

Plasma HIV RNA (log 1o ¢/ml)

Human immunodeficiency virus (HIV) RNA levels in the blood and cerebrospinal fluid (CSF) compartments and their relationship in each HIV-

infected group (A—C); simple linear regression between HIV RNA levels in each compartment and number of days posttransmission (D, £); and univariate
Spearman correlation between CSF and plasma HIV RNA levels in primary HIV infection (PHI) participants (F). Upper plots indicate median (middle line),
interquartile range (extent of boxes), and 10-90% range (whiskers). Means are denoted by *+." In D and £ regression lines (solid) and 95% confidence
intervals (dotted) are indicated. Significant differences between PHI participants and other groups are shown.

Inflammatory and Blood Brain Barrier Markers in PHI

Median levels of CSF WBC (6 cells/fmm® [IQR, 2-11 cells/mm?]
vs 1 cell/mm?, IQR, 0-2 cellsymm?’ P < 0.0001), neopterin
(10.6 nmol/L [IQR, 7.0-24.5 nmol/L] vs 5.2 nmol/L [IQR,
3.8-6.5]; P < .0001), CXCL10 (560 pg/dL [IQR, 330-1503
pg/dL] vs 98 pg/dL [IQR, 52-143 pg/dL]; P < .0001), and al-
bumin ratio (5.74 [IQR, 4.64-7.50] vs 4.91 [IQR, 4.12-6.27];
P = .009) in the PHI participants were elevated as compared
with HIV-seronegative controls (Figure 2A-C, E). CSF CCL2
was not significantly elevated in PHI compared with HIV-
seronegative controls (588 pg/dL [IQR, 423-786 pg/dL] vs 494
pg/dL [IQR, 411-552 pg/dL] P = .08, Figure 2D). Levels of these
markers in PHI participants were similar to those detected in
chronic HIV patients with CD4 counts >200, except for albu-
min ratio, which was elevated compared with that found in both
groups with chronic infection (P < .001 for each), and plasma
neopterin, which was higher in PHI than in HIV-seronegative and
chronic HIV (CD4 >200) (P < .02 for each, data not shown).
Only CSF neopterin changed significantly (P = .01) in correlation
with days post-HIV transmission in the PHI group, with higher
levels in participants sampled in the earliest stages (Figure 2F-J).

Minimal CSF HIV RNA Group

Eighteen PHI participants (18.8%) had markedly low (<100
copies/mL) HIV RNA levels in the CSF (Figure 3A); 14 of these
18 had undetectable levels by a standard ultrasensitive assay with
a lower limit of detection of 50 copies/mL. When measurements
were repeated with the ultra-ultrasensitive assay in 6 of these
samples with <50 copies/mL (based on availability of speci-
mens), HIV RNA was detected in all specimens (range, 3.7-46.5

copies/mL). The CSF HIV RNA = 100 copies/mL, or “minimal
CSF HIV RNA,” group was similar in age and days post HIV
transmission in comparison with the PHI participants with CSF
HIV RNA >100 copies/mL, but had higher median blood CD4
counts (727.5 cells/ul vs 527.5 cell/ul, P = .0001), and was 100%
male. 1 unique participant with minimal CSF HIV RNA had
undetectable levels of HIV RNA in plasma as well as CSF, and in
follow-up proved to be a systemic “elite” or “HIV controller”
(maintaining undetectable viral loads in the absence of therapy).
Minimal CSF HIV RNA participants had lower plasma HIV
RNA levels than participants with CSF HIV RNA >100 copies/
mL (3.93 log;o copies/mL [IQR, 2.98-4.26 log;, copies/mL]
versus 4.86 log;o copies/mL [IQR, 4.26-5.41 log;, copies/mL];
P =.0001). However, a lower ratio of CSF relative to plasma HIV
RNA ratio in minimal CSF HIV RNA participants (—2.24 log,
copies/mL [IQR, 1.29-2.40 log;, copies/mL]) compared with
PHI participants with CSF HIV RNA >100 copies/mL (—1.40
log,o copies/mL [IQR, 0.84-2.08 log,, copies/mL]; P = .007 f)
suggests that the reduced CSF viral burden in this group is not
fully accounted for by reduced plasma HIV RNA levels (Figure
3B and C).

The minimal CSF HIV RNA group had significantly lower
median levels of CSF WBC, CSF neopterin, and CSF CXCL10
than those of PHI participants with HIV RNA >100 copies/mL
(Figure 3D-F), whereas the albumin ratios and CCL2 levels did
not differ between these groups (not shown). However, despite
similar CD4 counts, the minimal CSF HIV RNA group had
elevated CSF WBC (P = .0002), neopterin (P = .0025), and
CXCL10 (P =
group, suggesting that immune activation in the CNS may be

.008) compared with the HIV-seronegative

756 e JID 2011:204 (1 September) e Spudich et al



CSFWBC CSF Neopterin C.CSF CXCL10 CSF CCL2 CSF Albumin Ratio
P
404 87 p=0001 4000+ 2000 15, _p=009_ p=0008
| p<.0001 p<.0001 | ! £ p=.0007
304 " ! 3000 p=.0001 1500 pe0gt E
2 1 50| ] 1 Z 10
E | 27 = s ] 4 ! ® e
£ W E | ‘E 20004 = !é‘. 10004 g
H £l | | g é —
| + | g =1 ==
| e - [ == 5
el |  — 1 — | o
== ol === oL | 0
HV-  PHI CHI CHI HV-  PHI CHI CHI HIV-  PHI CHI CHI HIV-  PHI CHI CHI HV-  PHI CHI CHI
CD4 > 200 CD4 < 200 CD4 > 200 CD4 < 200 CD4 > 200 CD4 < 200 CD4 > 200 CD4 < 200 CD4>200 CD4 < 200
F. CSFWBC G. CSF Neopterin H. CSFCXCL10 l. P J. CSF Albumin Ratio
) . i 100 . i S .
1Ei - o= 0085 | . #=0.10 = =005 20001 e = 00188
T p=041 ) p=0.0097 Sod p=03 pa080 20 p=025
@ 40, | 1500+ 2
E m 2 60 1500 | a 20
1 ] T % 1000
% Eaw £ 1000 " i b
o | o a0l -— 10 )
w1 = 500 - p i
1 £ 2 ol — - ’ 0 0 o =
] 100 200 300 ] 100 200 300 ] 200 300 300 0 100 200 300

Days Post HIV Transmission Days Post HIV Transmission

Days Post HIV Transmission

] 100 200
Days Post HIV Transmission Days Post HIV Transmission

Figure 2. Comparison of levels of immune and inflammatory markers within the cerebrospinal fluis (CSF) in 4 groups of participants: HIV-uninfected
(HIV-), primary HIV infection (PHI), chronic infection with CD4 counts =200 cells/pL (CHI CD4 =200), and chronic infection with CD4 counts <200 cells/
uL (CHI CD4 <200). Upper plots indicate median (middle line), interquartile range (extent of boxes), and 10%—90% range (whiskers). Means are denoted
with the “+." Significant differences between PHI participants and other groups are shown. On lower plots, simple linear regression between each CSF
marker and days post transmission of sampling are shown with regression lines (solid) and 95% confidence intervals (dotted).

present even with an extremely low copy number of HIV RNA in
the CSF in PHI participants.

DISCUSSION

Early entry of HIV into the CNS may be a seminal event, leading
to rapid induction of neuroimmune activation that in later-stage
disease is associated with neuronal injury and cognitive im-
pairment. We have investigated the virological and inflammatory
correlates of predominantly asymptomatic CNS infection during
PHI through a systematic evaluation of HIV RNA levels and
biomarkers of immune activation and blood-brain barrier
disruption in the CSF. Whereas in some regards the PHI par-
ticipants resemble those with more chronic infection and rel-
ative CD4+ T cell preservation, in certain aspects they also

differ, indicating both a rapid onset and ongoing evolutionary
change during this early period of infection. Our findings in-
dicate that PHI is characterized by a higher ratio between
plasma and CSF HIV RNA levels, suggesting a differential
distribution of infection between these compartments during
this early stage. Despite a relatively low CSF viral burden in
relation to plasma, PHI is characterized by blood—brain barrier
disruption as well as levels of CNS inflammation equal to those
found in chronic established infection.

In contrast to earlier assumptions that HIV was primarily
latent in early infection with only gradual early effects on the
immune system that were marked by blood CD4+ T-cell levels,
recent findings have changed the focus to the first days and
months of infection as having major impact on the immune
system and viral pathogenesis [11]. Thus, the rate of CD4 T-cell
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Figure 3. Comparisons between laboratory parameters in primary human immunodeficiency virus (HIV) infection (PHI) participants with minimal (=100
copies/mL) cerebrospinal fluid (CSF) HIV RNA (denoted CSF VL= 100) and other PHI participants (denoted CSF VL >100). On scatter plots, bars indicate

medians. Nonparametric statistical comparisons are shown.
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decline is greatest during PHI, critically impairing subsequent
host immune control of HIV; levels of plasma HIV RNA, early
CD4 nadir, and systemic T-cell activation measured during PHI
have been found to be robust predictors of the course of im-
munological decline and disease progression in HIV [31-34].
Small-scale human studies have previously suggested that PHI
importantly also “sets the stage” for subsequent CNS impair-
ment and is associated with CNS entry of HIV. In a retrospective
study, participants with any systemic or neurological symptoms
during seroconversion had a more rapid progression of neuro-
cognitive impairment than those without symptoms [35], which
suggests that systemic factors associated with more pronounced
clinical disease during acute infection may be drivers of neu-
rological injury. Detection of HIV in CSF during PHI was
documented very early in the HIV epidemic in isolated in-
dividuals [36, 37], HIV was identified in brain tissue in an iat-
rogenic case of acute infection [6], and subsequent studies have
demonstrated varying levels of HIV RNA in the CSF in PHI
participants [7-9, 27]. The concept that CNS inflammation and
injury might be started during PHI has been suggested by the
finding of elevated CSF neopterin and beta-2-microglobulin in
3 patients (two without neurological symptoms) during acute
infection [38], and the detection of elevated neurofilament
protein light chain (NFL), a marker of axonal injury, in some
CSF samples (also included in this study) obtained from
participants during PHI [27].

Despite the fact that our participant pool was largely neuro-
asymptomatic, most our PHI participants had detectable CSF
HIV RNA levels, similar to those found in participants with
chronic HIV. Importantly, we also detected evidence of in-
trathecal inflammation as indicated by elevations in total CSF
WBCs, CXCL10, the major chemokine associated with CSF
lymphocytosis, and neopterin, an indicator of intrathecal mac-
rophage activation [39, 40]. What was most surprising in our
findings was that the extent of these abnormalities in cellular
immune responses at a very early stage of HIV infection,
approximately 2.5 months after exposure, is similar to that mea-
sured in participants with established chronic infection. Fur-
thermore, CNS inflammation does not appear to be a transient
effect evident only in the earliest stages of infection, but instead
is detected in participants throughout the first year of infection.
The role of a proinflammatory immune milieu in initiation and
progression of neuronal dysfunction in HIV infection is well
established, though the exact mechanisms underlying these
processes are still only partially understood (see [41, 42] for
reviews). During late-stage chronic infection, elevations of CSF
neopterin [39, 43] and CSF CXCLI10 [40] levels are associated
with the presence of HIV-associated neuronal injury and de-
mentia. In the asymptomatic chronic stage, HIV-associated
CSF pleocytosis presumably reflects a substrate for HIV rep-
lication within the CNS, and correlates with levels of CSF
CXCL10 [44]. During chronic infection, degree of CSF

pleocytosis and percentage of activated CD8 T lymphocytes
within the CSF modulates the relationship between plasma and
CSF HIV [28, 45, 46] such that higher levels of CSF immune
activation markers are associated with a higher CSF to plasma
HIV ratio.

In PHI participants, we found a low CSF to plasma HIV ratio
despite local immune responses comparable to those of patients
with chronic infection, suggesting that the inflammation wit-
nessed during this period plays a different role in CNS HIV
infection than that observed during later stages of infection. One
possibility is that CNS immune activation during this early
period is due primarily to a “spillover” from systemic immune
activation, rather than to signals released by infected cells and
replicating virus within the CNS. The low relative levels of CCL2
in the CSF compared with elevated CSF neopterin levels suggests
that the activation of macrophages in the periphery rather
than local CNS chemokine production drives mononuclear cell
transport across the blood—CNS barriers. It is also possible that
a portion of the immune activation detected in the CSF during
PHI reflects a partially effective immune response that during
this period reduces the CSF viral burden relative to plasma,
though in a balance such that suppressed virus in some is as-
sociated with low levels of inflammation. Finally, this distinction
might be explained by as yet unknown differences in the
mechanisms and profiles of host immune responses between the
2 stages. For example, the differential elevation of CSF CXCL10
versus CCL2 levels during PHI may indicate a distinct role of
interferon gamma in the early recruitment of activated target
cells and amplification of CNS HIV infection. In any case, this
early initiation of CNS immune activation is likely critical to the
establishment of local CNS infection, whereby signals leading to
immune cell entry feed a cascade of recruitment of infected and
infection-vulnerable activated cells into the CNS. Furthermore,
a modest elevation in the CSF to serum albumin ratio indicates
disruption of the normal blood-brain barrier during this early
period of infection. This blood—brain barrier compromise does
not appear to be principally responsible for the detection of CSF
HIV during PHI, however, given a relatively smaller CSF to
plasma HIV RNA ratio than that in later stages of infection, lack
of an independent association between albumin ratio and CSF
HIV RNA, and our recent finding of CNS compartmentalization
of HIV species in some of these participants [47].

Our observation of a phenomenon of strikingly low CSF HIV
RNA levels in a proportion of PHI participants further high-
lights the distinction between CNS HIV infection during
PHI compared with chronic infection. Almost 20% of partic-
ipants during this early period had <100 copies/srmL CSF
HIV RNA levels in the setting of elevated plasma HIV RNA
levels, in marked contrast with levels in participants with un-
treated chronic infection who have ubiquitous measurable CSF
infection with HIV RNA levels typically between 1000 and
10000 copies/mL, approximately 1 log lower than plasma
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levels. An isolated low CSF viral burden was associated with
reduced, but not absent, CNS immune responses as compared
with the remaining PHI participants. Whether these extremely
low CSF HIV RNA levels result from a successful targeted
CNS immune response during early infection or from a rela-
tively reduced viral neuroinvasion during acute infection is
at this point unclear. Further investigation of host immune
parameters, characterization of CSF-derived viruses, and
sampling of individuals in the earliest stages after HIV exposure
is necessary to understand determinants of the extent of CSF
infection during PHI. Additionally, follow-up observation of
this cohort will reveal whether an early reduced HIV RNA
level in CSF has consequences for the long-term trajectory of
CNS HIV.

Increasing evidence suggests that despite the ability of cART
to suppress systemic and CSF HIV RNA levels to undetectable
levels, a significant proportion of treated patients with chronic
HIV infection display mild but distinct neurocognitive impair-
ment [4, 48, 49]. A potential explanation for this disquieting
phenomenon is that treatment started during the chronic stage
of HIV infection fails to prevent or interrupt injurious CNS
processes, including viral invasion, cellular trafficking, and im-
mune activation, which are established early during infection.
Our data suggest that initial seeding of the CNS leads almost
universally to a process of cellular immune activation detected in
the CSF. Identification of PHI as a crucial period for establish-
ment of CNS infection and immune activation, and potentially
for intervention to prevent the start of CNS injury, may provide
a new rationale for cART or immunomodulatory therapy in
early HIV infection.
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