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Abstract

therapy treatment accordingly.

Background: Human immunodeficiency virus-1-associated neurocognitive disorder is a known complication in indi-
viduals treated with antiretroviral therapy. Cerebrospinal fluid escape, which is defined as discordant higher cerebro-
spinal fluid viremia than plasma, may occur in antiretroviral therapy-experienced individuals. Different cerebrospinal
fluid versus plasma mutation patterns have been observed in individuals with cerebrospinal fluid escape.

Case presentation: A 46-year-old adult African male with human immunodeficiency virus-1 infection and acquired
immunodeficiency syndrome based on cerebral toxoplasmosis and a chronic hepatitis B virus infection developed
cerebrospinal fluid escape. A different human immunodeficiency virus-1 genotypic drug resistance profile was
observed in plasma compared with cerebrospinal fluid. Brain biopsy and cerebral magnetic resonance imaging
indicated the development of human immunodeficiency virus encephalopathy. A discordant protease inhibitor muta-
tion/wild-type T74PT in plasma but not in cerebrospinal fluid indicated poor central nervous system penetration due
to the selective pressure of drug therapy. An intensified antiretroviral therapy regimen including dolutegravir with
good central nervous system penetration improved conditions.

Conclusions: This case shows the importance of measuring human immunodeficiency virus drug resistance in
cerebrospinal fluid, which might differ from resistance detected in plasma samples and target effective antiretroviral
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Background

The management of human immunodeficiency virus
(HIV) drug resistance is challenging [1]. Few stud-
ies describe differences in genotypic resistance profiles
in plasma compared with other compartments such as
cerebrospinal fluid (CSF). The central nervous system
(CNS) is an important escape sanctuary for HIV [2]. Poor
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compliance and co-infections with other pathogens may
complicate treatment.

Case presentation

A 46-year-old male from Togo with HIV-1 and acquired
immunodeficiency syndrome (AIDS) presented with
confusion despite receiving antiretroviral therapy (ART)
for more than a decade. AIDS was due to previous cer-
ebral toxoplasmosis complicated with epilepsy and a
chronic hepatitis B virus co-infection. ART was initi-
ated at a baseline cluster of differentiation 4 (CD4) count
of 330 cells/mm?. During the first years, ART consisted
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of two nucleoside(tide) reverse-transcriptase inhibi-
tors (NRTIs) and a non-nucleoside reverse transcriptase
(NNRTT). The HIV-1 pol gene genotypic resistance analy-
sis showed development of the NRTI M184V mutation,
and NNRTI K103N and E138EK mutations in plasma,
respectively. Poor compliance, increasing viral loads, fall-
ing CD4 cell count levels, and mutation development led
to therapy changes. The lowest nadir CD4 count was zero
cells/mm?®. The NRTI M184V mutation results in high-
level in vitro resistance to lamivudine (3TC) [3]. As the
mutation increases susceptibility to zidovudine (AZT)
and tenofovir (TDF), combined treatment with 3TC was
continued. The nonpolymorphic NNRTI K103N muta-
tion causes high-level resistance to efavirenz (EFV), and
E138K mutation causes potential low-level cross-resist-
ance to EFV, which was discontinued together with 3TC.
Therapy now consisted of two to four of the newer potent
NRTIs with addition of a protease inhibitor (PI) first
alone and later boosted (Fig. 1).

During subsequent years, the plasma resistance pattern
reverted to susceptible for the NRTI/NNRTIs; however
the PI mutation L89V appeared, only later to revert to
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fully susceptible again. The PI L89V mutation may con-
tribute to reduced PI susceptibility. Strengthened therapy
included an integrase inhibitor (INI).

After more than a decade on ART therapy, HIV RNA
levels and CD4 cell counts deteriorated and the condi-
tion was complicated by unspecific neurological symp-
toms and convulsions. The CSF cell count was increased
with 99 (>5) cells per mm? (98% mononuclear), with an
elevated protein level (1.96, 0.4—0.7 g/L), no erythrocytes
present, and a normal glucose level (2.5 mmol/l). Cere-
brospinal fluid was negative for bacterial culture, syphilis,
toxoplasmosis, Mycoplasma pneumoniae, and polymer-
ase chain reaction (PCR) diagnostics for John Cunning-
ham (JC) polyomavirus, enterovirus, herpes simplex
virus, varicella zoster virus, and cytomegalovirus. The
CSF Epstein—Barr virus (EBV) level was 11,871 copies
per ml. The HIV viral load in CSF and plasma were 1.2
million and 10,874 HIV RNA copies per ml, respectively.
Cerebral magnetic resonance imaging (MRI) showed tox-
oplasmosis sequelae and unspecific changes in the white
matter. A brain biopsy confirmed a diagnosis of HIV
encephalopathy with cerebral toxoplasmosis sequelae.
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Fig. 1 Resistance mutation development, antiretroviral therapy, human immunodeficiency virus-1 RNA viral load, and cluster of differentiation 4
cell count over time. a human immunodeficiency virus resistance mutation patterns are shown (red background), susceptible (green background),
cerebrospinal fluid findings (yellow background), and time in months from the initial presentation (T = 0). b Plasma and cerebrospinal human
immunodeficiency virus-1 RNA viral load and cluster of differentiation 4 cell count are shown over time. Antiretroviral therapy was commenced with
a three-drug combination therapy including two nucleoside(tide) reverse-transcriptase inhibitors (lamivudine, zidovudine), and the non-nucleoside
reverse transcriptase EFV 60 months after initial presentation. The non-nucleoside reverse transcriptase was discontinued and a protease inhibitor
was added (month 75). Therapy was intensified to a four-drug regimen (month 169) with the inclusion of the INI raltegravir, and later substituted by
the more potent dolutegravir (month 227). The different nucleoside(tide) reverse-transcriptase inhibitors used for treatment included lamivudine,
zidovudine, tenofovir, abacavir, and emtricitabine). Protease inhibitors used were nelfinavir, lopinavir/ritonavir, atazanavir, and darunavir
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At the point of CSF escape diagnosis, the CD4 cell
count was 180 cells/mm?, and both plasma and CSE
harbored the same NRTI M184V mutation. However,
discordantly, the accessory nonpolymorphic PI T74TP
mutation mixed with wild type appeared only in the
plasma but not CSF. Intensified therapy included chang-
ing raltegravir with the more potent integrase inhibitor
dolutegravir, which resulted in a marked improvement of
CD4 cell counts and suppression of viral levels.

Discussion and conclusion

Cerebral MRI and histopathology indicated HIV enceph-
alopathy. The blood-brain barrier may hinder the pas-
sage of ART into the brain parenchyma. Reduced
penetration achieving lower CNS concentrations leads to
virus compartmentalization and selection of drug-resist-
ant mutants [4]. The discordant finding of the PI T74TP
mutation/wild type in the plasma but not CSF indicates
a selective drug pressure in plasma and not in the CSF
caused by insufficient CNS drug penetration. The muta-
tion occurs primarily in patients who have received mul-
tiples PIs, and may cause potential low-level resistance.
The CNS distribution of ART may be poor, and the CSF
concentrations may fall below the drug concentrations
needed to inhibit wild-type virus [5]. Despite ART, about
half of all HIV-infected individuals experience cognitive
impairment [5]. Our case findings were consistent with
characteristics frequently observed with CSF escape. Cer-
ebrospinal fluid escape is seen after more than 15 years of
HIV infection, previous low-level viremia, and the pres-
ence of M184V/I mutations in the CSF [6]. Antiretrovi-
ral therapy may have a greater effect on HIV-RNA levels
in the CSF compared with plasma, even in the presence
of drug resistance. The CNS Penetration Effectiveness
(CPE) score is designed to rank the effectiveness of each
drug. The score is high for boosted PIs, which are con-
sidered to be CNS penetrating [2, 7]. Boosted PIs may
reduce the CSF HIV-RNA level but do not consistently
achieve in vitro 50% inhibitory concentrations in the
CSF [7]. PI regimens have been associated with threefold
higher odds of CSF escape compared with other ART
regimens and neurological symptoms [7]. A large pro-
spective study has shown that reduced CNS ART bioa-
vailability may predispose to CSF escape in patients with
M1I84V/I mutations, as found in this case [7].

Our case had CSF viral escape with a CSF HIV-RNA
level more than 100 times higher than that observed in
plasma. This could lead to speculation on the adher-
ence level. Although the T74P mutation is described
as nonpolymorphic, the T74TP mutation was mixed
with wild type, which has sporadically been reported.
This partial reversion to wild type might be explained
by prolonged periods of nonadherence. Intensified
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ART with good CNS penetration drugs, including the
integrase inhibitor dolutegravir, which has the high-
est CPE score, markedly improved neurological symp-
toms and regression of cerebral findings on repeated
MRI scans. Although less neurotropic, the findings of
elevated EBV in the CNS may also have contributed
to the HIV encephalopathy observed. This case shows
the importance of measuring HIV viral load and drug
resistance in CSF fluid in patients with neurological
symptoms, allowing for effective therapy adjustments
and improved management of HIV-associated neuro-
cognitive disorders.

Complete control of HIV replication in the CSF as
well as in plasma is necessary.
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