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Background. Cognitive impairment is reported as a common complication in adult tuberculous meningitis (TBM), yet few
studies have systematically assessed the frequency and nature of impairment. Moreover, the impact of impairment on
functioning and medication adherence has not been described.

Methods. A cognitive test battery (10 measures assessing 7 cognitive domains) was administered to 34 participants with human
immunodeficiency virus (HIV)-associated TBM 6 months after diagnosis. Cognitive performance was compared with that a
comparator group of 66 people with HIV without a history of tuberculosis. A secondary comparison was made between
participants with TBM and 26 participants with HIV 6 months after diagnosis of tuberculosis outside the central nervous
system (CNS). Impact on functioning was evaluated, including through assessment of medication adherence.

Results.  Of 34 participants with TBM, 16 (47%) had low performance on cognitive testing. Cognition was impaired across all
domains. Global cognitive performance was significantly lower in participants with TBM than in people with HIV (mean T score, 41
vs 48, respectively; P <.001). These participants also had lower global cognition scores than those with non-CNS tuberculosis (mean
global T score, 41 vs 46; P = .02). Functional outcomes were not significantly correlated with cognitive performance in the subgroup
of participants in whom this was assessed (n=19).

Conclusions.
additional to, effects of HIV and non-CNS tuberculosis disease. Further studies are needed to understand longer-term
outcomes, clarify the association with treatment adherence, a key predictor of outcome in TBM, and develop context-specific

Low cognitive performance following HIV-associated TBM is common. This effect is independent of, and

tools to identify individuals with cognitive difficulties in order to improve outcomes in TBM.
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Tuberculous meningitis (TBM) affects approximately 100 000
people per year worldwide [1]. Cognitive impairment can occur
in TBM, but only 4 studies have reported its frequency. Two of
the studies used brief screening tests to assess cognition [2, 3],
and another gathered information on cognition from clinical
history alone [4]. The only study to undertake more compre-
hensive cognitive testing assessed a small group of 17 partici-
pants with TBM [5]. No studies have been undertaken in an
African setting where TBM and human immunodeficiency vi-
rus (HIV) are endemic.

Better understanding of cognitive impairment in TBM is cru-
cial for several reasons. First, objective measures of cognition
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are quantitative measures of outcome that are infrequently
used in clinical trials in adult TBM. By contrast, pediatric stud-
ies routinely consider these as part of a neurodevelopmental as-
sessment [6]. Developing an accessible battery of cognitive tests
that assesses cognitive domains known to be impaired in TBM
would improve the precision of measurable outcomes for TBM
studies. Second, recent TBM pathogenesis studies have unveiled
mechanisms of brain injury, such as the up-regulation of neuro-
excitatory pathways [7] and release of damage-associated pro-
teins also seen in neurodegenerative conditions [8].

These findings encourage us to better understand whether
cognitive impairment leads to longer-term disability in TBM,
in particular whether cognitive impairment is focal and attrib-
utable to discrete structural abnormalities in the brain (eg,
stroke or tuberculomas) and/or whether there is a clinical pre-
sentation in keeping with a diffuse cortical or subcortical pro-
cess at play. Most importantly, understanding cognitive and
functional impairment in TBM, particularly its effect on treat-
ment adherence, will improve the long-term care of patients,
including the provision of appropriate resources in recovery
following TBM.
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In a case-control study of HIV-associated TBM (referred to
hereafter as HIV-TBM) we aimed to do the following: (1) eval-
uate the frequency of cognitive impairment in HIV-TBM using
formal cognitive testing alongside physician assessment; (2) as-
sess the pattern of impairment, and correlations with radiolog-
ical and neurological measures, to understand whether
cognitive impairment relates to focal brain injury and/or dif-
fuse inflammation; (3) assess the suitability of currently avail-
able screening tools to identify cognitive impairment; and (4)
measure the impact of impaired cognitive performance on
functional outcomes, including treatment adherence.

METHODS

Participants

We drew participants from 3 parent studies outlined in Table 1.
All studies were performed in similar populations in a low-
income, periurban area of Cape Town, South Africa, with
high HIV and tuberculosis prevalence. Participants formed
3 groups: (1) those with HIV-TBM (from the LASER-TBM
and Albertyn studies); comparator group 1, including people
with HIV (PWH) with no history of tuberculosis (from the
CONNECT study); and (3) comparator group 2, including
PWH who had non-central nervous system (CNS) tuberculosis
(from the Albertyn study).

Normative cognitive data were drawn from HIV-negative
individuals selected to be demographically similar to PWH
within CONNECT (described in Statistical Analysis).

The studies were approved by the University of Cape Town’s
Faculty of Health Sciences Research Ethical Committee
(Table 1). The sample size was pragmatic, combining 2 unpub-
lished data sets of patients with HIV-TBM and patients with
non-CNS tuberculosis (comparator group 2). The inclusion
of PWH (comparator group 1) at a 1:2 ratio was done to in-
crease statistical power.

Outcome Measures and Procedure

Assessment took place at 6 months after the diagnosis of TBM
or non-CNS tuberculosis or at the time of enrollment in com-
parator group 1, as dictated by the parent studies.

Baseline Assessments

We graded the severity of TBM at baseline using the modified
British Medical Research Council scale [10] and classified TBM
” “probable,” or “possible” [11]. We collected data
on education, drug and alcohol use; in the LASER and
CONNECT studies, the Alcohol Use Disorders Identification
Test (AUDIT) [12] (cutoff defining high risk, >20) and the
Drug Use Disorders Identification Test (DUDIT) [13] (cutoff,
>6 for men and >2 for women) questionnaires were used to

as “definite,

ascertain alcohol and drug use, respectively. Within the

Table 1. Parent Studies
Study LASER-TBM
Characteristic Study Albertyn Study CONNECT Study
Study design  Phase 2a Prospective Prospective
randomized, case-control case-control study
open-label study evaluating
clinical trial evaluating cognition,
of cognitive and neuropsychiatric
intensified functional symptoms, and
antibiotics impairment in neuroinflammation
and HIV-TBM in PWH switching
high-dose (control group, from efavirenz to
aspirin in other forms of dolutegravir
HIV-TBM [9] tuberculosis
[non-CNSJ)
Ethical UCT HREC UCT HREC 565/ UCT HREC 017/2019
approval 293/2018 2014
no.

Participants 52 27 With TBM and 180 HIV-positive

recruited, 25 controls participants and
no. (non-CNS 60 HIV-negative
tuberculosis) controls
Setting Inpatient Inpatient Outpatient
Inclusion Adults with Adults with TBM 180 PWH studied
criteria TBM (definite or before and after
(definite, probable); switch from
probable, or confirmed efavirenz to
possible); diagnosis of dolutegravir
confirmed HIV
diagnosis of
HIV
Exclusion Many Significant prior Excessive drug or
criteria exclusions CNS disease alcohol misuse;
related to (stroke, history of CNS
RCT (see opportunistic infection (including
[9]); none CNS infection, meningitis);
related to significant head previous stroke;
prior head injury, or major head injury
injury, dementia); (loss of
neurological active alcohol consciousness for
disease, or or substance >30 min)
drug/alcohol abuse/
dependance dependence;
poor
socioeconomic
support
Follow-up 6 mo 6 mo Baseline and after
time point switch
assessments (6-12
mo)

Abbreviations: CNS, central nervous system; HIV, human immunodeficiency virus;
HIV-TBM, HIV-associated tuberculous meningitis; HREC, Human Research Ethical
Committee; PWH, people with HIV; RCT, randomized controlled trial; TBM, tuberculous
meningitis; UCT, University of Cape Town.

Albertyn cohort, active alcohol or illicit drug use was an exclu-
sion criterion.

Cognitive Testing

Cognitive testing was performed in the participant’s first lan-
guage. An identical cognitive test battery was administered
across the 3 studies to assess 10 measures in 7 cognitive do-
mains (Supplementary Box 1), based on a battery widely used
in South Africa [14]. Participants in the LASER-TBM study
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also underwent a comprehensive neurological examination to
identify focal cortical syndromes (Supplementary Box 2).

Imaging

Within the LASER cohort we correlated results from cognitive
assessment with brain computed tomography scans and/or
magnetic resonance imaging (<2 months since diagnosis) re-
ported by an independent blinded neuroradiologist.

Mental Health Assessment

All participants completed a Beck Depression Inventory [15] or
the CES-D [16] (to assess mood (cutoff score for “depression,”
>17 and >16, respectively).

Functional Measures

We administered the Patient’s Assessment of Own Functioning
Inventory (PAOFI) [17] in all participants recruited to the
LASER-TBM study. We calculated the total score and the total
number of responses with “affirmative responses,” as described
elsewhere [18, 19]. Lower total PAOFI scores indicate higher
levels of functioning; > 3 affirmative responses indicate “func-
tional impairment.” Within the LASER-TBM cohort we evalu-
ated treatment adherence for the first 56 days of treatment.
Self-reported adherence was assessed by asking participants
at each visit if they had missed any doses since their last visit.
Observed adherence was assessed by totaling the number of
missed doses noted on the pill count at each study visit.

Cognitive Screening Measures

Two screening measures—the Montreal cognitive assessment
(MoCA) [20] (cutoff score indicating impairment, <26) and
CAT-Rapid version 2.0 [21] (cutoff score indicating impair-
ment, <16)—were used in LASER-TBM participants.

Statistical Analysis
We used R (version 4.1.2; 1 November 2021), RStudio (version
2021.09.0), and GraphPad Prism (version 9.3.1) software to
complete all analyses, with the threshold for statistical signifi-
cance set at a=.05. First, we processed and standardized the
cognitive test battery data. This process is outlined in
Figure 1, including use of a healthy control group to standard-
ize data and calculation of z scores, T scores, global T and global
deficit scores (GDSs). Second, we used the Matchit package in
R (version 4.1.2; 1 November 2021) software to select compar-
ator group 1 from the parent study CONNECT at a ratio of 1:2
with matching of covariates (age, sex, education) to partici-
pants with TBM so that distributions of covariates in the 2
groups were approximately equal. The cognitive test data for
this group were subsequently processed as shown in Figure 1.
We checked the normality of data distribution with a
Shapiro-Wilk test. We determined between-group differences
in baseline and clinical variables using parametric ¢t or

Mann-Whitney tests (for continuous variables where data
were normally or not normally distributed, respectively) or x>
tests (for dichotomous variables). We performed a primary
comparison of cognitive test performance between HIV-TBM
case patients and comparator group 1 and subsequently be-
tween HIV-TBM case patients and comparator group 2.

Using a Mann-Whitney test of significance, we compared to-
tal PAOFI scores between participants with HIV-TBM with
low cognitive performance and those without. We also com-
pared adherence between these 2 groups by (1) self-report
of missing >1 dose (compared using Fisher exact test (2)
observed adherence from number of missed doses on pill count
within the first 56 days of treatment (compared using
Mann-Whitney test). We used a 2 X 2 table of agreement to cre-
ate a Cohen « value for agreement between the screening tests
(CatRAPID cutoff, <16; MoCA cutoff >26) and a GDS of >0.5
on the cognitive test battery and assigned levels of agreement
per a published scale [24].

RESULTS

We included 34 participants with HIV-TBM (case patients), 66
PWH with no history of tuberculosis (comparator group 1),
and 26 PWH with non-CNS tuberculosis (comparator group 2)
(Figure 2). Demographics were similar across groups (Table 2).
Within the LASER-TBM study, 2 of 19 participants reported
head injury resulting in loss of consciousness, 2 participants
had “high-risk” alcohol use, and none of the participants
had “high-risk” drug use. These were exclusions in the
CONNECT and Albertyn studies.

Among participants with HIV-TBM, 16 of 34 (47%) had low
performance on cognitive testing consistent with cognitive im-
pairment (GDS >0.5). Compared with comparator group 1
(PWH with no history of tuberculosis), those with TBM had
worse global T scores (mean score, 41 vs 48, respectively; P <
.001), with a larger proportion of those in the TBM group meet-
ing the GDS cutoff of >0.5 (16 of 34 [47%] vs 17 of 66 [26%)]
for comparator group 1; P=.03). Domain-specific T scores for
all cognitive domains were significantly worse in the TBM
group, with the exception of attention and working
memory (Table 3). Global T scores were also worse in partici-
pants with TBM than in comparator group 2 (PWH with
non-CNS tuberculosis) (mean score 41 vs 46, respectively;
P=.02).

Although a larger proportion of participants with TBM met
the GDS cutoft for cognitive impairment (16 of 34 [47%] in
HIV-TBM vs 8 of 26 [31%] in comparator group 2), this differ-
ence was not statistically significant (P=.20) (Table 4). Global
T scores were worst in those with HIV-TBM (case patients),
better in those with HIV and non-CNS tuberculosis (compar-
ator group 2), and best in those with HIV alone (comparator
group 1) (Figure 3). Radiological assessment was performed
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Figure 1. Processing of cognitive test battery data. First, standardization of scores used normative scores calculated from healthy control data collected by the CONNECT
study. These data were collected between 2018 and 2020 from healthy human immunodeficiency virus (HIV)}-negative community-dwelling individuals who presented to the
same community health clinics in Gugulethu from which the people with HIV (PWH) comparator group was recruited, within the same area of Cape Town where participants
with tuberculous meningitis (TBM) and tuberculosis were recruited. The groups therefore shared key demographics (age, ethnicity, language, and education), as well as
psychosocial and socioeconomic characteristics. Demographically corrected z scores (mean [standard deviation (SD)], 0 [1]) were then calculated using standard regression-
based norming processes. The zscores were then converted to demographically corrected T scores (mean [SD], 50 [10]). If participants had zscores >5 SDs below the mean,
the conversion to a T score resulted in a negative T score. In these cases, we assigned a score of 0, the lowest possible T score, to maintain the clinical significance of the low
performance. Next, cognitive performance data were summarized into domain-specific and global T scores by taking the average of T scores within each domain and then
across domain T scores. T scores were then converted to deficit scores. The overall global deficit score (GDS) was calculated by averaging deficit scores. A cutoff GDS of >0.5
has been considered consistent with “cognitive impairment” on cognitive test performance [22]; for the purposes of this study, we termed this group as having “low per-

formance on cognitive testing” while the clinical significance and functional impact in TBM is further explored, aligned with recent trends in the HIV literature [23].

in 16 of 19 LASER-TBM participants who underwent imaging
either as part of the study or for a clinical indication at presenta-
tion. Of those 16 participants, 7 (44%) had abnormal imaging
findings; all 7 (44%) had meningeal enhancement and 4 had
stroke (25%). One participant had multiple calcified granulomas,
and another had hydrocephalus. Of the 4 participants with
stroke, 3 had a GDS consistent with low cognitive performance.
In these participants the profile of abnormality could not be ex-
plained by the anatomic location alone. Although in these cases
the infarcts likely contributed to the burden of impairment, the
scores demonstrated a more global picture. Physician assessment
did not reveal any correlation between focal motor or sensory
deficits and impairment in a discrete corresponding cognitive
domain (eg, owing to stroke or tuberculomas).

CAT-Rapid and MoCA screens were performed in 19 partic-
ipants with HIV-TBM (the LASER-TBM cohort), and the mean
scores (standard deviations) were 16 (3.15) and 21 (3.70), re-
spectively. Seven (34%) and 17 (89%) of the participants, re-
spectively, would have been flagged as having “mild cognitive
impairment” on the CATRAPID and MoCA, respectively. A

K coefficient of 0.242 (95% confidence interval, —.179 to .661)
for CatRAPID and 0.137 (—.115 to .389) for MoCA equated
to “fair” and “slight” agreement, respectively, when comparing
these measures with a GDS of >0.5 on the cognitive test battery.

Proportionally more participants with HIV-TBM had de-
pression than in comparator group 1 (8 of 34 vs 6 of 66, respec-
tively; P=.049); whereas no difference was found between the
those with HIV-TBM and comparator group 2 (8 of 34 vs 5 of
26; P=.76). In the subgroup of participants with TBM in whom
the PAOFI was completed (n=19) we found that lower cogni-
tive performance was associated with better functional status
(mean [standard deviation] PAOFI score in patients with low
cognitive performance vs those without, 23.5 [14.8] vs 40.6
[19.1]; P=.04). When comparing a cutoff of >3 affirmative re-
sponses (“functional impairment”), the difference was not stat-
istically significant (5 of 11 [45%] functionally impaired in the
group with vs 6 of 8 [75%] in the group without low cognitive
performance; P=.35).

Given this unexpected finding we explored these cases.
Although the PAOFI is a measure of functional status, the
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Figure 2. Consort diagram describing enrollments across 3 parent studies. Abbreviations: CNS, central nervous system; HIV, human immunodeficiency virus; HIV-TBM,
HIV-associated tuberculous meningitis; LTFU, lost to follow-up; PWH, people with HIV.

Table 2. Baseline Demographic and Key Clinical Characteristics

Non-CNS
HIV-TBM PWH Tuberculosis

Characteristic (n=34) (n=66) (n=26)
Age, mean (SD), y 36.4(8.9) 37.4(75 35.3(8.0)
Sex, % male 47 41 58
Length of education, mean (SD), y 9.6 (3.1) 10.4(1.5) 10.2 (1.6)
First language spoken, no. (%)

isiXhosa 34 (100) 59 (89) 26 (100)

English 0 2(3) 0

Shona 0 3(5) 0

Missing data 0 2 (3) 0
Baseline BMRC grade

1 18 (53) NA NA

2 16 (47) NA NA

3 0 NA NA
Uniform case definition TBM category

Possible 7 (21) NA NA

Probable 13 (38) NA NA

Definite 14 (41) NA NA
HIV details available, no. 34° 41° 26°
CD4 cell count, mean, (SD), cells/uL 177 (183) 533 (293) 88.6 (90.4)

Abbreviations: BMRC, British Medical Research Council; CNS, central nervous system;
HIV, human immunodeficiency virus; HIV-TBM, HIV-associated tuberculous meningitis;
NA, not applicable; PWH, people with HIV; SD, standard deviation; TBM; tuberculous
meningitis.

#Details collected at the time of diagnosis of TBM or non-CNS tuberculosis (ie, 6 months
before cognitive testing).

“Details collected at the time of cognitive testing.

questionnaire centers around self-reporting of cognitive symp-
toms; therefore, low mood, lack of insight, and premorbid sta-
tus may affect reporting of cognitive functioning. We identified

Table 3. Domain-Specific T Scores and Global T Scores: Comparison With
Comparator Group 1

Score, Mean (SD)?

HIV-TBM  Comparator Group 1° P

Score (n=34) (n=66) Value
Domain T score
Motor skills 38 (14) 46 (11) <.05°
Processing speed 36 (15) 47 (7) <.001¢
Attention and working 47 (10) 49 (9) .24
memory
Fluency 45 (10) 49 (7) .03°
Audioverbal learning and 39 (15) 49 (9) <.001¢
memory
Visuospatial learning and 40 (8) 48 (10) <.001¢
memory
Executive function 41 (14) 47 (10) .04°
Global T score 41 (9) 48 (6) <.001¢
GDS suggesting cognitive 16 (47) 17 (26) .03

impairment, no. (%)

Abbreviations: GDS, global deficit score; HIV-TBM, human immunodeficiency virus (HIV)—
associated tuberculous meningitis; SD, standard deviation.

#Values represent mean (SD) score unless otherwise specified.

®Comparator group 1 included people with HIV with no history of tuberculosis.
°P<.05.

9P<.001.

1 participant whose performance on the cognitive test battery
was severely impaired (GDS, 2.85) but whose PAOFI scores
were low (affirmative responses, 0; total score, 18), suggesting
lack of insight and underreporting of impairment. We identi-
fied 2 participants in whom the Beck Depression Inventory
suggested clinical depression and whose PAOFI scores were
high (ie, high burden of cognitive symptoms) but whose
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Table 4. Domain-Specific T Scores and Global T Scores: Comparison With
Comparator Group 2

Score, Mean (SD)?

Comparator
HIV-TBM Group 2° P

Score (n=34) (n=26) Value
Domain T score

Motor skills 38 (14) 44 (8) AN

Processing speed 36 (15) 43 (9) 10

Attention and working memory 47 (10) 52 (9) .07

Fluency 45 (10) 48 (9) .20

Audioverbal learning and 39 (15) 43 (15) 27

memory

Visuospatial learning and 40 (8) 46 (12) .04°

memory

Executive function 41 (14) 48 (10) .16
Global T score 41 (9) 46 (7) .02°¢
GDS suggesting cognitive 16 (47) 8 (31) .20

impairment, no. (%)

Abbreviations: GDS, global deficit score; HIV-TBM, human immunodeficiency virus (HIV)-
associated tuberculous meningitis; SD, standard deviation.

#Values represent mean (SD) score unless otherwise specified.

SComparator group 2 included people with HIV who had non-central nervous system
tuberculosis.

°P<.05.

performance on cognitive testing was within normal limits,
suggesting overreporting of symptoms associated with low
mood. In another participant, PAOFI scores were high (affir-
mative responses, 12; total score, 71), yet the GDS was within
the low-normal range (0.43). However, because this individual
had high premorbid functioning (had completed 12 grades of
schooling), a drop in cognitive functioning may not have
been identified using a GDS cutoff of >0.5.

Within the LASER-TBM cohort, 6 of 11 (55%) with low cog-
nitive performance reported missing medication doses, com-
pared to 3 of 8 (38%) with normal cognitive performance.
The mean number of missed doses was 2.72 in those with

HIV-TBM

Comparator group 2
(PWH, non-CNS +
tuberculosis)
Comparator group 1
(PWH, non-CNS -
tuberculosis)

T T T 1
0 20 40 60 80

Global T Score

Figure 3. Global T scores. Scatterplot graph displays mean scores with stan-
dard deviations, as well as individual values plotted for participants with human
immunodeficiency virus (HIV)-associated tuberculous meningitis (HIV-TBM),
people with HIV (PWH) with non—central nervous system (CNS) tuberculosis (com-
parator group 2), and PWH with HIV only (no history of tuberculosis; comparator
group 1).

low versus 0.37 in those normal cognitive performance.
Neither difference was statistically significant.

DISCUSSION

Almost half of participants with HIV-TBM demonstrated low
performance with cognitive testing. This was significantly
more than those among with HIV alone or those with HIV
and non-CNS tuberculosis, suggesting that low cognitive per-
formance in HIV-TBM is additional to the CNS effects of
HIV and to other mechanisms in non-CNS tuberculosis, such
as systemic inflammation and polypharmacy [25, 26].

Low cognitive performance was seen across all cognitive do-
mains in participants with TBM compared with those with HIV
only, except for attention and working memory. We did not see
cases in which motor/sensory deficits and radiological findings
were correlated with a single focal cognitive deficit. These find-
ings characterize low cognitive performance in TBM as gener-
alized, affecting multiple cognitive domains that are, at least in
our cohort, beyond what is attributable alone to focal structural
deficits. The predominant motor impairment suggests subcort-
ical damage, and sparing of attention and working memory
suggests ongoing delirium is unlikely to explain our findings.
These observations highlight the limitations of computed to-
mography in identifying changes such as cortical/subcortical
inflammation and microvascular damage, which may present
clinically with generalized cognitive deficits. This is important
when considering (1) pathogenic mechanisms and (2) suitable
imaging techniques for identifying those at risk of impairment.

In the subgroup in which PAOFI was administered, the find-
ing of better self-reported functional status in those with low
cognitive performance was unexpected. Assessment of individ-
ual cases suggested examples where functioning may have been
underreported owing to lack of insight, overreported owing to
low mood, or not reflected in the GDS cutoff because of higher
premorbid functioning. These examples illustrate the complex-
ity of measuring cognitive and functional performance in di-
verse populations and the limitations of dichotomized cutoffs
for impairment based on cognitive performance alone. Work
is needed to explore the association of cognitive performance
with clinical indicators of cognitive impairment and functional
outcomes and measures of brain injury, an area currently being
explored in PWH [23]. Future studies may consider including
(1) observer accounts of functional status (eg, Deterioration
Cognitive Observee [27]) and (2) more objective functional
outcome measures (eg, modified Rankin score).

We found no statistically significant difference in self-
reported or objective measures of treatment adherence between
those with and those without low cognitive performance, pos-
sibly owing to the small number of participants in whom these
data were available (n=19). Medication nonadherence is the
major cause of poor outcome in TBM; hence, this potential
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association should be further explored in larger cohorts as it
may provide new avenues to address adherence and improve
outcomes in this group.

There are limitations to the current study. First, cognitive
test batteries were administered by different individuals across
the 3 studies. Although training and alignment were overseen
by the same neuropsychologist to minimize interrater variabil-
ity, subtle differences in administration may have influenced
outcomes. Similarly, in 4 domains a single measure was used
across all 3 studies and therefore included within the analysis;
ideally >1 measure should be used for each domain. This
may explain the unexpected finding of preserved attention
and working memory despite this being an early indicator of
pathology in many subcortical dementias.

Second, there were differences in the timing of investigations
related to HIV across the studies; CD4 cell counts were collect-
ed at different time points in relation to the cognitive testing,
making them not comparable between groups. Given the na-
ture of recruitment (inpatient recruitment for participants
with TBM vs outpatient recruitment for PWH), it is likely
that HIV disease was better controlled within comparator
group 1 than in those with TBM. Of note, however, there was
no difference in CD4 cell counts between those with and those
without low cognitive performance in the TBM group, and
these counts were on average higher in participants with
TBM than in those with non-CNS tuberculosis, who performed
better on cognitive testing. These, together with differences in
cognitive impairment before the development of TBM, could
be addressed within a prospective study design, which should
be considered within this field.

Third, the lack of TBM case patients with severe (British
Medical Research Council grade 3) disease may suggest that
the frequency of low cognitive performance is underestimated.
Within the LASER-TBM study, recruitment of participants
with grade 3 disease was infrequent, and none of the partici-
pants followed up with full cognitive testing had grade 3 disease
at baseline. Similarly no participants included in the Albertyn
study had grade 3 disease. Participants who survive grade 3 dis-
ease should be included in future studies to ensure the general-
izability of results. Finally, our findings of low cognitive
performance 6 months after TBM diagnosis should not be in-
terpreted as a finding of long-term disability in this population.
Longer-term follow-up studies are needed to clarify whether
cognitive performance improves or worsens in the years fol-
lowing active illness. These studies must incorporate detailed
assessment of neurobehavioral functioning, with observer ac-
counts, to elucidate whether low cognitive performance trans-
lates to clinically apparent cognitive impairment after TBM.
This is timely, given emerging data from ex vivo studies impli-
cating pathogenic mechanisms such as neuroexcitotoxicity
leading to neuronal injury [7], mechanisms also described in
neurodegenerative conditions [28, 29].

Although the current study provides important characteriza-
tion of neurological sequalae in TBM, the feasibility of adopting
full cognitive testing batteries in TBM-endemic settings is poor.
We found only “fair” or “slight” agreement between CatRAPID
and MoCA screens and the full cognitive test battery. The
MoCA characterized most participants as cognitively impaired
and may not be appropriate for this setting; this tool was devel-
oped and normed for a North American population, whereas in
a low-income periurban South African population one study
found that the mean score in cognitively unimpaired, healthy
controls was 21.7 or 30 [30]. A receiver operating characteristic
analysis is the best method to establish disease-specific cutoffs,
but we were underpowered to perform such analysis. Given the
high frequency of low cognitive performance within our TBM
cohort, a larger study to validate and/or adapt cutoffs for im-
pairment in existing screening tools within the TBM context
is required so that potential impairment can be identified where
resources are limited. Where resources are available, our results
highlight the value of including detailed cognitive and func-
tional assessments as quantitative measures of clinical out-
comes within clinical trials in adult TBM.

TBM occurring in people without HIV coinfection may have
different cognitive sequalae. TBM has different clinical and
neuropathological characteristics in PWH than in those with-
out HIV [31, 32]. In addition, PWH may have underlying
HIV-associated brain injury, which could decrease cognitive
reserve and increase vulnerability to cognitive impairment
from TBM neuropathology. A study of TBM cognitive out-
comes in persons without HIV coinfection would provide fur-
ther insight into the burden of impairment in this context and
would be an important comparison for future studies.

In summary, our study demonstrated that low cognitive per-
formance occurred in approximately half of participants of
HIV-TBM and is characterized by diffuse impairment affecting
multiple cognitive domains. We also demonstrate that low cog-
nitive performance in HIV-TBM is independent of, and addi-
tional to, the effects of HIV and non-CNS tuberculosis
disease. Future work is now needed to evaluate outcomes at
longer-term time points, describe the relationship between cog-
nitive performance, functional status and treatment adherence,
and validate sensitive context-specific screening tools to identify
individuals at risk, to improve outcomes for patients with TBM.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding
author.

Notes

Copyright notice. For the purposes of Open Access the authors have ap-
plied a CC-BY public copyright license to any author-accepted manuscript
arising from this submission.

848 « CID 2023:76 (1 March) « Davis et al


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciac831#supplementary-data

Financial support. This work was supported by the Wellcome Trust
(University College London PhD Programme for Clinicians Fellowship
[award 175479] to A. G. D.), grant WT097254 to S. M., and grants
104803 and 203135 to R. J. W.); the Francis Crick Institute (support to
R. J. W the Institute is funded by grant FC0010218 from United
Kingdom Research and Innovation (UKRI), Wellcome, and Cancer
Research UK (CRUK)); Meningitis Now (R. J. W.); the National
Institutes of Health (grants RO1AI45436 to R. J. W. and K43TW011421
to S. W.); Cancer Research UK (support to R. J. W.); the UK Medical
Research Council (support to R. J. W. and for research reported on the
CONNECT cohort [with funds from the UK government’s Newton
Fund]); the European and Developing Countries Clinical Trials
Partnership (support to R. J. W.); the Discovery Foundation (academic fel-
lowship award to C. A.); and the South African Medical Research Council,
with funds received from the South African National Department of Health
(support for research reported on the CONNECT cohort ).

Potential conflicts of interest. A. G. D. is supported through a University
College London Wellcome Trust PhD Programme for Clinicians
Fellowship (award 175479). S. W. reports fellowship and grant funding
from the National Institutes of Health, service on the Pfizer advisory board
on ceftazidime-avibactam, and support from the National Institutes of
Health for attending meetings and/or travel, including participation on
the AIDS Clinical Trial Group Safety Monitoring Committee. J. J. reports
support from Sanofi for attending a bipolar disorder meeting (November
2021). S. N. received a grant for the CONNECT study via the South
African Medical Research Council, with funds received from the South
African National Department of Health, and the and the UK Medical
Research Council, with funds received from the UK government’s
Newton Fund. All other authors report no potential conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Wilkinson RJ, Rohlwink U, Misra UK, et al. Tuberculous meningitis. Nat Rev
Neurol 2017; 13:581-98.

2. Ranjan P, Kalita J, Misra UK. Serial study of clinical and CT changes in tubercu-
lous meningitis. Neuroradiology 2003; 45:277-82.

3. Kalita J, Misra UK, Ranjan P. Predictors of long-term neurological sequelae of tu-
berculous meningitis: a multivariate analysis. Eur ] Neurol 2007; 14:33-7.

4. Anderson NE, Somaratne ], Mason DF, Holland D, Thomas MG. Neurological
and systemic complications of tuberculous meningitis and its treatment at
Auckland City Hospital, New Zealand. J Clin Neurosci 2010; 17:1114-8.

5. Chen HL, Lu CH, Chang CD, et al. Structural deficits and cognitive impairment in
tuberculous meningitis. BMC Infect Dis 2015; 15:279.

6. Davis AG, Nightingale S, Springer PE, et al. Neurocognitive and functional im-
pairment in adult and paediatric tuberculous meningitis. Wellcome Open Res
2019; 4:178.

7. Rohlwink UK, Figaji A, Wilkinson KA., et al. Tuberculous meningitis in children
is characterized by compartmentalized immune responses and neural excitotox-
icity. Nat Commun 2019; 10:3767.

8. Herbst S, Marais S, Gutierrez MG, Waddell SJ, Wilkinson R]J, Lai RP]J. Elevated
LRRK2 and a-synuclein levels in CSF of infectious meningitis patients bioRxiv
[Preprint: not peer reviewed]. 4 April 2019. Available from: https://www.
biorxiv.org/content/10.1101/599381v1.

9. Davis AG, Wasserman S, Maxebengula M, et al. Study protocol for a phase 2A trial
of the safety and tolerability of increased dose rifampicin and adjunctive linezolid,
with or without aspirin, for HIV-associated tuberculous meningitis
[LASER-TBM]. Wellcome Open Res 2021; 6:136.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Thwaites GE, Tran TH. Tuberculous meningitis: many questions, too few an-

swers. Lancet Neurol 2005; 4:160-70.

. Marais S, Thwaites G, Schoeman JF, et al. Tuberculous meningitis: a uniform case

definition for use in clinical research. Lancet Infect Dis 2010; 10:803-12.

. Babor TF, Higgins-Biddle JC, Saunders JB, Monteiro MG. AUDIT: the alcohol use

disorders identification test: guidelines for use in primary health care. 2nd ed.
World Health Organization. 2001.

. Berman AH, Bergman H, Palmstierna T, Schlyter F. Drug Use Disorders

Identification Test (DUDIT) [database record]. APA PsycTests. 2002. https://
doi.org/10.1037/t02890-000..

. Nyamayaro P, Chibanda D, Robbins RN, Hakim J, Gouse H. Assessment of neu-

rocognitive deficits in people living with HIV in Sub Saharan Africa: a systematic
review. Clin Neuropsychol 2019; 33(suppl 1):1-26.

. Upton J. Beck depression inventory (BDI). In: Gellman MD, Turner JR, eds.

Encyclopedia of behavioral medicine. New York, NY: Springer, 2013:178-9.

. Radloff LS. The CES-D scale: a self-report depression scale for research in the ge-

neral population. Appl Psychol Meas 1977; 1:385-401.

. Chelune G, Heaton RK, Lehman RAW. Neuropsychological and personality cor-

relates of patients’ complaints of disability. In: Goldstein G, Tartar RE, eds.
Advances in clinical neuropsychology. New York, NY: Plenum, 1986.

. Woods SP, Rippeth JD, Frol AB, et al. Interrater reliability of clinical ratings and

neurocognitive diagnoses in HIV. J Clin Exp Neuropsychol 2004; 26:759-78.

. Bell MJ, Terhorst L, Bender CM. Psychometric analysis of the patient assessment

of own functioning inventory in women with breast cancer. ] Nurs Meas 2013; 21:
320-34.

Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal cognitive assessment,
MoCA: a brief screening tool for mild cognitive impairment. ] Am Geriatr Soc
2005; 53:695-9.

Joska JA, Witten J, Thomas KG, et al. A comparison of five brief screening tools
for HIV-associated neurocognitive disorders in the USA and South Africa. AIDS
Behav 2016; 20:1621-31.

Carey CL, Woods SP, Gonzalez R, et al. Predictive validity of global deficit scores
in detecting neuropsychological impairment in HIV infection. J Clin Exp
Neuropsychol 2004; 26:307-19.

Nightingale S, Dreyer AJ, Saylor D, Gisslén M, Winston A, Joska JA. Moving on
from HAND: why we need new criteria for cognitive impairment in persons living
with human immunodeficiency virus and a proposed way forward. Clin Infect Dis
2021; 73:1113-8.

Landis JR, Koch GG. The measurement of observer agreement for categorical
data. Biometrics 1977; 33:159-74.

Kass JS, Shandera WX. Nervous system effects of antituberculosis therapy. CNS
Drugs 2010; 24:655-67.

Annane D, Sharshar T. Cognitive decline after sepsis. Lancet Respir Med 2015; 3:
61-9.

Ritchie K, Fuhrer R. The validation of an informant screening test for irreversible
cognitive decline in the elderly: performance characteristics within a general pop-
ulation sample. Int J Geriatr Psychiatry 1996; 11:149-56.

Wang R, Reddy PH. Role of glutamate and NMDA receptors in Alzheimer’s dis-
ease. ] Alzheimers Dis 2017; 57:1041-8.

Barkhoudarian G, Hovda DA, Giza CC. The molecular pathophysiology of con-
cussive brain injury—an update. Phys Med Rehabil Clin N Am 2016; 27:373-93.
Robbins RN, Joska JA, Thomas KGF, et al. Exploring the utility of the Montreal
cognitive assessment to detect HIV-associated neurocognitive disorder: the chal-
lenge and need for culturally valid screening tests in South Africa. Clin
Neuropsychol 2013; 27:437-54.

Marais S, Pepper DJ, Schutz C, Wilkinson RJ, Meintjes G. Presentation and out-
come of tuberculous meningitis in a high HIV prevalence setting. PLoS One 2011;
6:€20077.

Cecchini D, Ambrosioni J, Brezzo C, et al. Tuberculous meningitis in
HIV-infected and non-infected patients: comparison of cerebrospinal fluid find-
ings. Int J Tuberc Lung Dis 2009; 13:269-71.

Cognitive Impairment in HIV-Associated Tuberculous Meningitis « CID 2023:76 (1 March) « 849


https://www.biorxiv.org/content/10.1101/599381v1
https://www.biorxiv.org/content/10.1101/599381v1
https://doi.org/10.1037/t02890-000
https://doi.org/10.1037/t02890-000

	Cognitive Impairment in Tuberculous Meningitis
	METHODS
	Participants
	Outcome Measures and Procedure
	Baseline Assessments
	Cognitive Testing
	Imaging
	Mental Health Assessment
	Functional Measures
	Cognitive Screening Measures
	Statistical Analysis

	RESULTS
	DISCUSSION
	Supplementary Data
	Notes
	References


