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Abstract

PhD candidate: Suzaan Marais
Title: Investigations into HIV-associated tuberculous meningitis

Date: February 2014

Background

Tuberculous meningitis (TBM) is a common form of tuberculosis in high
TB incidence settings. However, the burden of disease and outcome in
affected adults is unknown in Cape Town. The diagnosis of TBM is often
challenging, particularly in HIV co-infected patients and no standardized
clinical case definition exists. An emerging complication that contributes
to poor outcome in HIV-associated TBM is neurological TB immune
reconstitution inflammatory syndrome (TB-IRIS).

Methods

A consensus clinical TBM case definition was developed following a TBM
meeting that | co-ordinated. | led two observational studies that determined
the burden of HIV-associated TBM and neurological TB-IRIS at a district-
level hospital in Cape Town. Patients with HIV-associated TBM were
prospectively enrolled in a third cohort study to determine the clinical and
immunological characteristics of paradoxical TBM-IRIS.

Results

TBM accounted for 57% of meningitis cases over a 6-months period; 88%
of these patients were HIV-infected. At six months follow-up, mortality in
HIV-associated TBM patients was 48%. Neurological TB-IRIS accounted
for 21% of patients who presented with central nervous system (CNS)
deterioration during the first year of antiretroviral therapy (ART) over a one-
year period. TBM-IRIS developed in 47% of HIV-associated TBM patients
and associated with extensive cerebrospinal fluid (CSF) inflammation both at
TBM diagnosis and at TBM-IRIS presentation. Patients who did not develop
TBM-IRIS, but who were culture-positive for Mycobacterium tuberculosis
from CSF at TBM diagnosis, showed an immunological phenotype similar
to TBM-IRIS patients; however neutrophils were increased in TBM-IRIS
patients compared to culture-positive TBM-non-IRIS patients, both at TBM
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diagnosis and two weeks after ART initiation.

Conclusions

HIV-associated TBM is a common cause of meningitis with a poor
outcome in Cape Town. TBM-IRIS is a frequent complication of ART in
HIV-associated TBM patients. CSF Mycobacterium tuberculosis culture
positivity drives an inflammatory response that manifests as TBM-IRIS in
most, but not all TBM patients. Neutrophils associate closely with the CNS
inflammation that characterizes TBM-IRIS. An intensified TB treatment
regimen with increased CSF penetration early during TB treatment may
lead to improved mycobacterial clearance from the CNS, which may result
in improved outcome during TBM treatment and a reduced frequency of
TBM-IRIS. We aim to test this hypothesis in future studies.
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Context

Tuberculosis (TB) remains a leading cause of mortality and morbidity
worldwide; in 2012, 1.3 million deaths were attributed to TB with almost a
quarter of these occurring in HIV-infected persons . South Africa bears the
brunt of the TB/HIV co-infection burden accounting for 20-30% of affected
persons globally. Tuberculous meningitis (TBM) is the most devastating
form of TB with an associated mortality during treatment of 28% of HIV-
uninfected 2, and 58% of HIV-infected 3, patients in TBM randomized
controlled trials. This is in stark contrast to results from randomized
controlled trials performed in other forms of HIV-associated TB such as
pulmonary 4, and pulmonary plus extra-pulmonary (other than TBM) cases %,
which report mortality during TB treatment of <3%, and <18%, respectively.
HIV-infected patients, particularly those with severe immunosuppression,
are at increased risk of disseminated forms of TB, such as meningitis that
accounts for up to 19% of all hospitalized HIV-associated TB cases . TBM
is a common cause of meningitis in high HIV/TB co-infection settings, and
accounted for 28% of microbiologically confirmed cases at GF Jooste
Hospital between 2006 and 2008 ’. HIV-infected TBM patients frequently
present with atypical cerebrospinal fluid (CSF) findings, which may delay
diagnosis and treatment initiation 8. Due to limited epidemiological data
the burden of TBM disease is uncertain in high HIV/TB co-infection settings
such as South Africa and the outcome in affected adults has not been

determined in Cape Town.

Clinicians face considerable challenges in the diagnosis and management
of TBM ": disease pathogenesis remains poorly understood; rapid, sensitive

and affordable diagnostic tests are lacking; and optimal management has
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not been established by randomized controlled trials. Further research is
urgently required, but the low frequency with which a definitive diagnosis
is established presents a major obstacle. Detection of acid-fast bacilli
and/or culture isolation of Mycobacterium tuberculosis from CSF has
been reported with high frequency in some studies ' '3, but remains the
exception in most %, The diagnosis usually relies on clinical evidence
which combines supportive clinical, laboratory and radiological findings,
but standardised diagnostic criteria for TBM applicable to HIV-infected and

uninfected patients did not exist prior to 2010.

It is estimated that more than 2.1 million people were receiving ART in 2012
in South Africa, compared to ~1.8 million in 2011 and ~50 000 in 2004 2
21, Despite the benefit of ART in improving clinical outcome in TB/HIV co-
infected patients 22, patients may deteriorate clinically after commencing
ART due to the immune reconstitution inflammatory syndrome (IRIS) 23 24,
IRIS occurs as a result of an exuberant inflammatory response towards
previously diagnosed or occult opportunistic pathogens 2°; it has been
described in relation to many pathogens, with mycobacteria being most
frequently implicated 23. TB-IRIS may present in one of two recognised
ways; firstly, as paradoxical worsening of symptoms after commencement
of ART and secondly, as an unmasking syndrome 2°. Paradoxical TB-IRIS
occurs in 8-54% of TB/HIV co-infected patients after starting ART 2 26,
Common manifestations include lymph node enlargement and pulmonary
involvement 23-2% 2728 Neurological TB-IRIS, although accounting for over
10% of paradoxical TB-IRIS cases at GF Jooste Hospital 2%, is less well
documented; by 2010 only one clinical case series 2** and a handful
of case reports existed 27 28 3137 Neurological TB-IRIS may present as

meningitis 28 29:33.35.37 "brain tuberculomas 27-2% 31.32.36.37 "hrain abscess 3% 3
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and radiculomyelitis 2°%. Outcome in neurological TB-IRIS is poor; in one
case series published from Cape Town, mortality at 6 months follow-up

was 13% and 17% of patients were lost to follow-up 2°.

Although recent studies have advanced understanding of TB-IRIS through
the identification of several cellular, immunological and genetic factors
that associate with the syndrome, the immunopathogenesis remains
unclear and no diagnostic test exists *. Thus far explorations of immune
biomarkers implicated in TB-IRIS pathogenesis have focused mainly on
those measured in the blood compartment, which is likely an incomplete
representation of the immune response in affected tissues, e.g. lungs or

CNS.

Key research aims

The key research objectives addressed in this thesis were developed to

address gaps in knowledge of HIV-associated TBM. They include:

1) To establish a consensus clinical case definition for TBM for use in

clinical research.

2) To describe the presentation and outcome of patients with TBM in
a high burden HIV setting and investigate the predictors of mortality

in these patients.

3) To describe the causes of CNS deterioration in HIV-infected patients
during the first year of ART and to determine the proportion of these

cases who presents with neurological TB-IRIS.

4) To determine the proportion of patients with HIV-associated TBM
who develop paradoxical TBM-IRIS.
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5) To describe the clinical and laboratory findings and outcomes of

paradoxical TBM-IRIS.

6) To investigate the immunopathogenesis of TBM-IRIS, with a focus

on inflammatory markers in the CSF of affected patients.

Setting

The clinical studies were conducted at GF Jooste Hospital, a public sector
referral hospital, in Cape Town in the Western Cape Province of South
Africa. The hospital is located in Manenberg on the Cape Flats and at the
time of the studies served adults from a catchment population of 1.3 million
people. The high-density low-income communities served by GF Jooste
Hospital included Khayelitsha, Gugulethu, Mitchells Plain and Nyanga. At
the start of the studies (2009-2010) the reported TB case notification rate
exceeded 1500 cases per 100 000 people per year and 70 percent of TB
cases were HIV-infected in Khayelitsha, where approximately 430 patients
were enrolled into ART care monthly . Eleven primary-level ART clinics
and 16 TB clinics were situated in the GF Jooste Hospital referral area.
Most patients who attended these clinics did not have health insurance.
Therefore, most patients who presented with significant clinical deterioration
at these facilities including all meningitis suspects, were referred to GF

Jooste Hospital for assessment and management.
The immunological studies were performed in the laboratory of Robert J

Wilkinson at the Institute of Infectious Disease and Molecular Medicine at

the Faculty of Health Sciences of the University of Cape Town.
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Chronology of studies

The prospective observational study to describe causes of CNS
deterioration during the first year of ART was designed in 2007. Seventy-
five participants were enrolled from November 2007 through October 2008.
Data analysis and publication of the manuscript (presented in Part 2 of

Chapter 4) occurred in 2010.

The prospective observational study to investigate the frequency and
characteristics of TBM-IRIS was designed in 2008. The study recruited
patients from March 2009 through October 2010 and patient follow-up was
completed by July 2011. The study screened 67 patients with meningitis of
whom 34 patients with TBM were included in the final analysis. The clinical
characteristics of these patients were published in 2013 and are presented
in Chapter 5. In addition, 18 HIV-infected patients without meningitis who
were not receiving ART were enrolled as control participants. A manuscript
describing the immunological findings of TBM and control participants has

been submitted for publication and is presented in Chapter 6.

The consensus clinical case definition for TBM presented in Chapter 3 arose
from a TBM workshop held in May 2009 in Cape Town. | was responsible
for leading the organization of the meeting held by the University of Cape
Town. Fourty-one participants from seven countries (South Africa, the
United Kingdom, Vietnam, India, the United States of America, Malawi, and
Indonesia) attended the meeting. The aim of this meeting was to develop a
clinical case definition for TBM that would be applicable to all TBM cases,
regardless of HIV status or age, for use in research. Following the meeting,

| was given the role of heading the writing committee for the consensus
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case definition manuscript. Over the following year | combined criteria
suggested during the meeting and those found relevant from my literature
review to produce a draft manuscript that presented this case definition.
After members of the writing committee provided input, | finalized the

manuscript that was published in 2010.

The retrospective study describing the frequency, presentation and
outcome of TBM patients was designed in 2010. Laboratory records
of all 698 patients who underwent a lumbar puncture from March 2009
through October 2009 were reviewed. Medical records of 182 patients with
suspected TBM were reviewed and the presentation and outcome of 120
patients with TBM were described in a manuscript published in 2011. This

manuscript is presented in Part 1 of Chapter 4.

Outline of the thesis

In Chapter 2 (background and literature review) a detailed literature review
of the clinical and laboratory features and outcome of HIV-infected TBM
compared to findings in HIV-uninfected patients is presented. Diagnostic
and therapeutic challenges are also discussed with specific reference to
the treatment of HIV and paradoxical TB-IRIS. This review was published
in 2010. Recent advances in knowledge of HIV-associated TBM and
neurological TB-IRIS published since 2010 and a section on TB-IRIS

pathogenesis have been included as an addendum to this chapter.

In Chapter 3 the consensus clinical case definition for TBM is presented.

This case definition (for use in clinical research) was developed to be
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uniformly applicable, irrespective of the patient’s age or HIV infection status

or the resources available in the research setting.

In Chapter 4 two descriptive studies are presented that aimed to determine
the burden of HIV-associated TBM and neurological TB-IRIS at a district-
level hospital in Cape Town. Firstly, in a retrospective study that describes
the frequency, presentation and outcome of TBM, we also determined
risk factors for inhospital and 6-month mortality in HIV-associated TBM.
Secondly, in a prospective study we determined the incidence of referral for
CNS deterioration during the first year of starting ART and the contribution

of neurological TB-IRIS to this deterioration.

In Chapter 5 the prospective clinical study of patients with HIV-associated
TBM is presented. The aim of this study was to describe the clinical and
laboratory features, and to determine the outcome, of patients who develop

TBM-IRIS.

In Chapter 6 the immunological findings in patients who developed TBM-
IRIS is described and compared to those in patients who did not develop
TBM-IRIS. The aim of this study was to investigate immunopathogenic
mechanisms in TB-IRIS by determining inflammatory mediators at the site-

of-disease (i.e. CSF).

Chapter 7 provides an integrated narrative of the thesis that synthesises
the major findings from all chapters. Conclusions of the thesis as a whole
are drawn, the implications of the research for the TBM field in general
are discussed and priorities for future HIV-associated TBM research are

identified.
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HIV-associated tuberculous meningitis (TBM) poses significant diagnostic and therapeutic challenges
and carries a dismal prognosis. In this review, we present the clinical features and management of HIV-
associated TBM, and compare this to disease in HIV-uninfected individuals. Although the clinical
presentation, laboratory findings and radiological features of TBM are similar in HIV-infected and HIV-
uninfected patients, some important differences exist. HIV-infected patients present more frequently
with extra-meningeal tuberculosis and systemic features of HIV infection. In HIV-associated TBM, clinical

ﬁel'\vlwordS: course and outcome are influenced by profound immunosuppression at presentation, emphasising the
Tuberculosis need for earlier diagnosis of HIV infection and initiation of antiretroviral treatment.

Tuberculous meningitis © 2010 Elsevier Ltd. All rights reserved.
Diagnosis

Management

Introduction (M.tb) and/or selection bias may influence the age distribution in

Tuberculosis (TB) remains the most important infectious cause
of death worldwide, with an estimated 1.82 million deaths in 2008,
including 0.52 million deaths in persons co-infected with the
human immunodeficiency virus (HIV).! HIV-infected persons may
present with unusual clinical features of TB,2 and are at risk of
developing disseminated forms of TB, such as tuberculous menin-
gitis (TBM).>* HIV-associated TBM poses significant diagnostic and
therapeutic challenges and carries a dismal prognosis.> % In this
review, we present the clinical features and laboratory findings of
HIV-associated TBM. We also discuss the management of HIV-
associated TBM, compared to TBM in HIV-uninfected individuals.

Clinical presentation

Several studies have investigated the effect of HIV infection on
the clinical presentation of TBM in adults and children
(Table 1).372! The differences between the clinical, laboratory and
radiological features of TBM in HIV-infected and HIV-uninfected
persons are presented in Table 2.

TBM occurs most commonly in children under the age of five
years,?? although delayed exposure to Mycobacterium tuberculosis

* Corresponding author. Tel.: +27 79 501 3242; fax: +27 21 692 0289.
E-mail address: suzaanmarais@gmail.com (S. Marais).

1472-9792($ — see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tube.2010.08.006

different settings. A second peak occurs during the third and fourth
decades of life. The mean/median age at presentation is 23—67
months in HIV-infected children, versus 35—39 months in HIV-
uninfected children.>®!7 With the exception of two studies,”!! most
of the evidence suggests that HIV co-infection does not significantly
influence the age of clinical presentation in adults (mean/median
age 26—37 years in HIV-infected persons versus 28—46 years in
HIV-uninfected persons). 46912141819

The symptoms, the interval from symptoms to clinical pre-
sentation, and the neurological findings at clinical presentation
are similar in HIV-infected and HIV-uninfected patients
(Table 2)391113-151719 gpe study found a higher prevalence of
cognitive dysfunction in HIV-infected adults not receiving anti-
retroviral therapy (ART) compared with HIV-uninfected adults
(32% versus 0%, p = 0.001),® whereas another study found a lower
prevalence of impaired consciousness in HIV-infected children not
receiving ART compared with HIV-uninfected children (73% versus
50%, odds ratio [OR] 0.37, 95% confidence interval [CI] 0.15—0.91).8
Regardless of HIV status, patients commonly present with severe
disease, defined as modified British Medical Research Council
(BMRC) grade II or Il TBM; this is strongly associated with poor
outcome.”?1820

Abnormal clinical findings outside the central nervous system
(CNS) occur more frequently in HIV-infected patients. Children are
more likely to be malnourished,®!” while both adults and children
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Table 1
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Overview of studies conducted in HIV-infected patients with tuberculous meningitis.

Authors Location HIV Children  Study TBM diagnosis Duration of TB Corticosteroids Antiretroviral Mortality
patients or design confirmed treatment (%) therapy (1)  measures
(n) adults (%) (months)
Berenguer et al.> Spain 37 Adults Retrospective, observational 100 Not stated 38% Not stated In-hospital
Dube et al.'! USA 15 Adults Retrospective, observational 100 At least 6 Not stated Not stated In-hospital
Yechoor et al.'? USA 20 Adults Retrospective, observational 75 9 32% Not stated 9 months
Porkert et al.'? USA 16 Adults Retrospective, observational 100 Not stated Yes, number Not stated 6 months
not stated
Karstaedt et al.'# South 39 Adults Retrospective, observational 100 Not stated Yes, number Not stated In-hospital
Africa not stated
Topley et al.” South 10 Children  Retrospective, observational 10 9-12 100% Not stated 6—12 months
Africa
Katrak et al.® India 22 Adults Prospective, observational 32f Not stated Not stated 0 6 months
Schutte et al.'® South 20 Adults Prospective, observational Not stated Not stated Not stated Not stated Treatment
Africa completion
Thwaites et al.'® Vietnam 11 Adults Prospective, observational 100 9 No 0 In-hospital
Thwaites et al.” Vietnam 96 Adults Randomized, placebo- 42 9 50% 0 9 months
controlled
Karande et al.'” India 8 Children Prospective, observational Not stated Not stated 100% Not stated In-hospital
van der Weert et al.® South 34 Children  Retrospective, observational 36 ¥ 6 100% 0 6 months
Africa
Azuaje et al.* Spain 39 Adults Retrospective, observational 80 9-12 Yes, number 397 Treatment
not stated completion
Cecchini et al.'® Argentina 101 Adults Retrospective, observational 100 Not stated Not stated Not stated In-hospital
Torok et al.? Vietnam 58 Adults Prospective, observational 93 9 100% 4 it 9 months
Torok et al.2° Vietnam 253 Adults Randomized, placebo- 62 9 100% 253 11 9 months
controlled
Croda et al."? Brazil 108 Adults and Retrospective, observational 100 9 100% 36 In-hospital, and
children 9 months
Cecchini et al.’” Argentina 101 Adults Retrospective, observational 100 Not stated Not stated Not stated In-hospital
Pepper et al.?' South 13 Adults Prospective, Observational 't 15 At least 9 100% 13 6 months post
Africa TBM-IRIS

n, number of patients; %, percentage of patients; TBM, tuberculous meningitis; TB, tuberculosis; M.th, Mycobacterium tuberculosis; ART, antiretroviral therapy.
* Including patients with cerebrospinal fluid smear positive for acid-fast bacilli and/or culture positive for M.tb, unless otherwise stated.

 Including patients with brain autopsy evidence of M.tb infection.
¥ Including patients who cultured M.tb from gastric aspirate.

= 15 patients were receiving one or more antiretroviral drug at time of TBM diagnosis; ART was started during TBM treatment in 24 patients.
1 4 patients were started on ART during TBM treatment; 3 patients had a history of ART exposure prior to TBM diagnosis.

99 patients were started on ART during TBM treatment.

« 36 patients were receiving ART at time of TBM diagnosis; 63 patients had a history of ART exposure prior to TBM diagnosis.
1t Study conducted in patients who developed paradoxical tuberculous meningitis immune reconstitution inflammatory syndrome (TBM-IRIS).

exhibit other clinical features of HIV disease.>®° HIV-infected
patients are also more likely to have disseminated TB or extra-
meningeal involvement (i.e. involvement of organs other than the
CNS), including pulmonary, nodal, genitourinary, spinal, pleural and
abdominal disease.*”'* Tuberculin skin test positivity is variable in
HIV-infected patients.>—>81217

Most studies report similar frequencies of chest radiograph
(CXR) abnormalities in HIV-infected and HIV-uninfected patients
(53—67% versus 47—82%, respectively)>111215 e g active TB, (46%
versus 38%, respectively);” adenopathy (3—60% versus 0—37%,
respectively);3_5'8 and miliary TB (10—33% versus 20—44%, respec-
tively).>”8111215 One study in children (not receiving ART),% and one
in adults (40% of whom were receiving ART),* found more CXR
abnormalities in HIV-infected than HIV-uninfected cases (85%
versus 65%, and 62% versus 33% (p = 0.04), respectively). Abdominal
ultrasound may assist TB diagnosis; one study identified abdominal
lymphadenopathy in more than half of HIV-infected patients.> M.tb
may be cultured from the blood,'®'® or urine® of HIV-infected
patients, especially from those with disseminated disease. Lip-
oarabinomannan, a mycobacterial cell wall component, may be
detected in the urine.?>

Cerebrospinal fluid features

The cerebrospinal fluid (CSF) typically has a clear appearance,
a leucocytosis (10—1000 x 10° cells/I; mostly lymphocytes), a raised

protein concentration (>0.5 g/1), and a decreased CSF to blood glucose
ratio (<0.5).24 Most studies report similar CSF findings in HIV-infec-
ted and HIV-uninfected patients (Table 2)37578111525 | contrast,
Thwaites et al. reported a reduced CSF white cell count (WCC) in HIV-
infected adults not receiving ART compared to HIV-uninfected adults
(152 x 108 cells/l versus 356 x 108 cells/l, p = 0.007).!° Two studies
reported similar findings, as well as significantly decreased CSF
protein concentrations in HIV-infected adults.1°

Atypical CSF findings occur in a substantial proportion of
HIV-infected TBM patients, potentially causing diagnostic uncer-
tainty and delayed treatment. Croda et al. reported the combination
of pleocytosis (>5 x 10° cells/l), elevated CSF protein levels
(>0.45 g/l) and reduced CSF glucose levels (<2.5 mmol/l) in only
64% of culture-confirmed HIV-infected TBM patients, a third of
whom were known to be receiving ART.!® A normal CSF
WCC,IO'“'M'19 protein cor1centr.a|tior1,3'4'11'12'14'19 glucose concentra-
tion,>1112141519 3nd even a completely normal CSF>141925 have all
been reported in HIV-associated TBM. In one study, 33% of
HIV-infected TBM patients with a CD4" T-lymphocyte count less
than 50 cells/ul had a normal CSF WCC.!® Lymphocytes are the
dominant CSF cell type in HIV-uninfected TBM patients>"!114.25
whereas neutrophils frequently predominate, and account for up
to 70% of the CSF cell population, in HIV-infected TBM patients.>'42>

The diagnostic gold standard for TBM is microbiological confir-
mation, either by visualization of acid-fast bacilli (AFB) in, or culture
of M.tb from, the CSF. Some studies have achieved extremely high
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Table 2 .
Table 2 ti d
Comparison of clinical, laboratory and radiological features in HIV-infected and able 2 (continued)
HIV-uninfected patients with tuberculous meningitis”. HIV-infected = HIV-uninfected
HIV-infected  HIV-uninfected Outcome
= Fever clearance time, days, median>’ 8 9
Cﬁid . h dian5817 23-67 35-39 Coma clearance time, days, median’ 7 7
Adl lrcin. months, meané‘meqlé%rgjmv]“m 26_37 22_46 In-hospital mortality, %>10-11:14.17.19 13-72 1864
ults: years, mean/median B - ffIn-hospital survival without 38-61 19-74
History/symptoms neurological deficit, % >1517
TB contact positive, %>'7 70—75 37-57 T9Mortality at 6-months follow-up, % 6513 24-50 0-22
Previous TB, %*7-911.13.18.19 8-58 0-25 ftfSix-months survival without 29-36 55—60
Duration of illness: days, 9-42 11-22 neurological deficit, % %
mean/median>~721%17 Mortality at 9-months follow-up %7%121920 4167 28-30
Cough>&11 22-47 16-36 "Nine-months survival without 22 4
T Fever, % 3461113151719 68—100 45-97 neurological deficit, %’
) il 93,4,6,8,11,13,15,19 _ _
Headgche/;‘rlgltablllty, % 41-100 22-100 TB, tuberculosis; GCS, Glasgow Coma Scale; BMRC, British Medical Research Council;
Malaise, % 68 27-44 22-32 M.th, Mycobacterium tuberculosis; BCG, Bacille Calmette-Guerin.
Weight loss,'%' S4681310 18-47 3-51 * Including studies conducted in HIV-infected + HIV-uninfected adults and
Nausea/vomiting, %> 26-50 22-54 children.
H 3-5,8,14,17,19 .
Seizures, % 3-50 0-64 T Including fever as symptom or sign.
Examination findings 9 Positive Mantoux test criteria include: skin test reaction > 5 mm of induration if
IMantoux test positive % child had close contact with infected adult or, >10 mm of induration if not'”; skin
Children>%17 13—-45 18—77 test reaction > 15 mm of induration if child is HIV-uninfected and received BCG,
Adults3412 33-50 42-80 or > 10 mm induration if no BCG received or child is HIV-infected®; skin test reac-
Weight for age (Z-score), children, mean®3 ~1.77 to —-2.58 -1.2—1.77 tion > 5 mm of induration if patient is HIV-infected or, > 10 mm of induration if
Impaired consciousness, %>~6811:14.19 30-74 23-73 patient is HIV-uninfected*$'2,
GCS, mean/median’1® 12—-13 13—14 « Including studies which exclude 6th cranial nerve palsies““.
BMRC grade at presentation, %>57-912-1417-19 ' Including CD4" T-lymphocyte count for HIV-uninfected patients from one
Grade 1 0-50 0-34 study'.
Grade 2 35-80 42-82 99 Including studies which only include patient who 1) cultured M.tb from
Grade 3 0-63 0-88 CSF>11:13:25 o1+ 2 had positive CSF polymerase chain reaction for M.th complex?°.
Meningeal signs, %>*6811.141517.19 19-100 44-100 «+ Diagnosed by clinical, radiological or microbiological findings.
Cranial nerve palsies, %817 13-77 30-52 1 Includes percentage of total number of patients.
Hemiplegia, %58 19-36 15-34 999 Including deaths attributed exclusively to tuberculous meningitis'>.
*““Focal neurological deficit, %>~>211131417.19  16_80 11-80
Paraplegia, %%7 4-23 8-16 . . . . .92627
. L rates (>80%) of microbiological confirmation;*“>“’ a number of
Blood investigations fact 1 CSFvol 1 dmi . inati
Haemoglobin, g/l, mean/median®5811:19 85119 99-115 actors (e.g. arge volumes, prolonge mlc.roscoplc examina ‘10[1,
1iCD4* T-lymphocyte count, 32-180 248 and multiple CSF samples) have shown an improvement of diag-
cells/ul, mean/median 347:9:11-15.18-20 nostic yield.?5%7 In the majority of studies, however, TBM diagnosis
B 9 . . . . P
White cell count, x JO° cellsyl, 6-126 8.2-17.7 is presumptive and based on a combination of clinical, laboratory
mean/median . and radiological findings,®?®~32 emphasising the need for devel-
Serum sodium concentration, 126-129 128-132 A NCE o
mmol/l, mean/median7-%1113 opment of a standardized case definition.”> Although similar
Hematocrit,%, mean/median”'3 33.9-34.8 35.5-36.8 microbiological confirmation rates have been reported in HIV-
] : : 3,4,6,811-13
Cerebrospinal fluid (CSF) parameters infected and HIV—unmfet.:ted patlents., the numbers of
White cell count, x 10° cells/l, 47—438 11-356 culture-confirmed cases in most studies are low. Thwaites et al.
mean/medjan®#679-14.16.1925 isolated M.tb from a greater proportion of patients (42% of HIV-
Lymphoiyte count, x 1 0° cells/l, 89-219 13-179 infected patients not on ART versus 30% of HIV-uninfected patients,
mean/median™>* 7 . . .
=0.029)" and from significantly smaller volumes of CSF (1.5 ml in
Neutrophil count, cells x 10%/1, mean>%1 18—69 50—87 ]lZlIV inf ) d . 8 4y | in HIV-uninf d( .
Protein, g/l, mean/median®~151925 052-2.88 0.78—3.48 -in ecte27 patients versus 4 ml in -uninfected patients
Glucose, mmol/l, mean/median3~6810-151925 13_5 7 1.1-28 p = 0.001).” Torok et al. cultured M.tb from CSF in 88% of HIV-
Glucose, CSF: Blood ratio, median”*"® 0.27-0.3 0.29 infected TBM patients most of whom were not on ART and observed
H i : 3,4,15 . P .
Adenosine deaminase, IUfl, mean/median™®™ 10-12.6 13.5-16 that the quantity of bacilli seen in the CSF smear appeared to be
VARD stain positive, % 407 ' 0-69 0-26 higher.” This is supported by autopsy findings of AFB in the cerebral
M.tb culture positive, %467:912 0-88 0-78 gher. pported by psy 5 )
] 54610141710 parenchyma and meninges of HIV-infected patients not on ART,
Extrameningeal tuberculosis =% 48-100 975 which was not observed in HIV-uninfected patients.®
Chest radiography One of the major difficulties encountered in clinical practice is
93,4,8,11,12,15 PR . . . P .
Abnormal, % 53-85 33-82 distinguishing TBM from other subacute meningoencephalitides in
Miliary tuberculosis, %>7511:1213 10-33 18—44 - . S
Adenopathy, %58 3-60 0-37 HIV-infected patients. Notably, cryptococcal meningitis (CM),
Parenchymal infiltrate, %34812.15 2249 7_55 which also occurs frequently in severely immunosuppressed

patients, may present with similar clinical and laboratory

Cerebral imaging features.3*~38 Other relatively common HIV-related CNS diseases,

Neuroimaging abnormalities, %>~>12131518.19 55_100 50-90 . o A
Hydrocephalus, %3%11-1317 20-72 30-98 such as cytomegalovirus encephalitis, cerebral toxoplasmosis and
Meningeal enhancement/basal 16-63 6-82 primary CNS lymphoma, may also mimic TBM.3° Diagnostic algo-
exudates %3'5'5‘8‘152'612'::‘17 rithms have been derived in order to distinguish TBM from other
Cerebral atrophy, ™% 557 517 causes of meningitis, including bacterial meningitis.>"324%4! One of
Infarcts/non-enhancing lesion, %> "> 13-50 6—44 . . L. o
Gyral enhancement/cerebritis, %5512 0-60 0-17 these algorithms demonstrated high sensitivity (96—99%) and
Enhancing lesion/granuloma/mass 0-60 0-27 moderate specificity (72—82%) when evaluated prospectively in
lesion, %>368.11.13.15 HIV-uninfected patients,*>*3 but sensitivity (78%) and specificity
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(43%) declined markedly when it was used in a population with
high HIV prevalence.** In addition to CSF Gram stain and bacterial
culture (to exclude pyogenic bacterial meningitis), India ink
microscopy, cryptococcal latex agglutination test and/or fungal
culture (to exclude CM) are essential investigations in HIV-infected
patients presenting with suspected TBM. Other laboratory tests
that may assist in excluding alternative diagnoses include: 1) CSF
viral nucleic acid amplification assays for viral meningitis; 2) CSF
and serum syphilis antibody assays for neurosyphilis; and 3) serum
Toxoplasma gondii antibody assays for toxoplasma encephalitis.

Laboratory features

A number of studies have compared the baseline laboratory
features of TBM in HIV-infected and HIV-uninfected patients.
Several studies have found haemoglobin (Hb) concentrations to be
significantly reduced in HIV-infected compared with HIV-unin-
fected TBM patients.®®!7 Karande et al. reported that moderate to
severe anaemia (Hb <80 g/l) was more frequent in HIV-infected
compared with HIV-uninfected children with TBM (63% versus 12%,
p = 0.008).”7 Thwaites et al. reported a significantly lower median
haematocrit in HIV-infected adults not on ART compared with HIV-
uninfected adults with TBM (33.9 versus 36.8, p < 0.001), a factor
which was independently associated with death (OR 0.83, 95% CI
0.73—0.94, p = 0.005).” Some studies have reported significantly
lower values of blood WCC in HIV-infected patients,®”1316 while
others have indicated a trend.>®'"> One study has shown
a significant reduction in platelet count in HIV-infected TBM chil-
dren not on ARTS

While serum sodium levels are typically decreased in TBM
patients, some studies suggest that serum sodium levels are lower
in HIV-infected compared to HIV-uninfected patients.>”!"!> Torok
et al. found that severe hyponatremia in a cohort of HIV-infected
TBM patients (most of whom were not on ART) was independently
associated with an earlier time to death (adjusted hazard ratio
[AHR], 0.93; 95% CI, 0.89 to 0.98; p = 0.002).° Finally Thwaites et al.
showed that hepatic transaminases were significantly elevated in
HIV-infected adults not on ART compared with HIV-uninfected
adults with TBM, a finding which may be related to higher rates of
hepatitis B virus co-infection in this group.’

Radiological features

Cerebral imaging is an invaluable tool in the diagnosis of TBM.
Radiological features of TBM include one or more of the following
findings: hydrocephalus; basal meningeal enhancement; infarction;
and tuberculoma(ta).*>~#’ The frequency of cerebral imaging abnor-
malities is similar in HIV-infected and HIV-uninfected TBM patients
(55—100% versus 50—90%, respectively) (Table 2)3>1213151819 gpJy
one study reports significantly more abnormalities on brain
computed tomography (CT) (74% versus 37%, p = 0.03) and magnetic
resonance imaging (100% versus 64%, p = 0.04) in HIV-infected
compared with HIV-uninfected adults.*

Most studies report no difference in the presence of meningeal
enhancement between HIV-infected and HIV-uninfected TBM
patients >>12131517 Two studies report that basal meningeal
exudates occur less frequently in HIV-infected patients not on ART
compared to HIV-uninfected patients (33—38% versus 71—82%,
respectively).>® One study, conversely, showed a trend towards an
increase in meningeal enhancement in HIV-infected patients, 40%
of whom were receiving ART.*

Although the proportion of patients with hydrocephalus
(obstructive and non-obstructive) is similar between the 2
groups,>#811=1317 ghstructive hydrocephalus occurs less frequently
in HIV-infected patients compared with HIV-uninfected patients

(0—6% versus 20—64%, respectively).58 Katrak et al. proposed that
the reduced meningeal enhancement and obstructive hydroceph-
alus observed in HIV-infected patients not on ART was due to
severe immune suppression causing a reduced inflammatory
response.® This was supported by post-mortem findings. CT brain
studies showed that cerebral atrophy was significantly more
frequent in HIV-infected patients not on ART compared with
HIV-uninfected adults (44% versus 5%),° and children (57% versus
17%).8

Contrast enhancing lesions occur with similar frequency in HIV-
infected and HIV-uninfected TBM patients>®'3 although one small
study reported more mass lesions in HIV-infected compared with
HIV-uninfected patients (60% versus 14%, p = 0.01)." Whereas
a contrast-enhancing lesion in a HIV-uninfected TBM patient
intuitively represents a tuberculoma, the differential diagnosis is
broader in HIV-infected patients and includes cerebral toxoplas-
mosis® and primary CNS lymphoma.*®4° Indeed Katrak et al.
diagnosed concomitant cerebral toxoplasmosis (by histology in five
patients and by response to anti-toxoplasmosis treatment in one
patient) in all HIV-infected TBM patients who presented with
granulomata on CT brain.® Further reports of TBM/toxoplasmosis
co-infection in HIV-infected individuals have been published.>?°
Clinical algorithms may assist with presumptive diagnosis and
initial management of HIV-infected patients presenting with focal
brain lesions®®>! but patients who deteriorate on empirical anti-
microbial treatment may require a brain biopsy to confirm the
diagnosis.

Medical management

The optimal treatment of TBM remains uncertain, as no
randomized, controlled trials have determined the optimal drug
combination, doses or duration of treatment.?* Recommended
first-line agents for the treatment of TBM include a backbone of
rifampicin and isoniazid for nine to 12 months with pyrazinamide
plus ethambutol or streptomycin or ethionamide during the initial
phase (two months).>* Isoniazid®®> and pyrazinamide®® have
excellent CSF penetration and are considered to be invaluable in the
treatment of TBM. In contrast, the CSF penetration of rifampicin is
poor, reaching concentrations only slightly in excess of the
minimum inhibitory concentration against M.th.°? Although the
role of rifampicin in the treatment of TBM has been challenged,
evidence for its benefit is clear. While isoniazid resistance, with or
without streptomycin resistance, has no significant effect on long-
term outcome in adults with TBM, combined rifampicin and
isoniazid resistance (multidrug resistance [MDR]) is associated
with an increased mortality rate.>* Plasma rifampicin concentra-
tions may be reduced in HIV-infected patients compared to HIV-
uninfected patients.”> This raises the concern that low rifampicin
concentrations in CSF may result in sub-optimal TBM treatment in
HIV-infected patients.

Infection with drug-resistant M.tb further complicates the
treatment of TBM in HIV-infected patients. HIV-infected patients
with TBM frequently present with a history of previous TB (8%—58%
of patients).*’ 21131819 [sonjazid and streptomycin resistance
have been associated with HIV infection'® and prolonged clearance
of M.th from the CSF>* but have not been found to be associated
with worse outcome.

By contrast, MDR-TBM has an extremely poor prognosis with
a reported mortality of up to 100%.219°>456-58 Thjs may partly be
explained by delayed diagnosis and treatment resulting from the
time taken to perform culture and drug susceptibility testing.
Thwaites et al. found an independent association between MDR-
TBM and HIV infection,”* which occurred in 13% of HIV-infected
and 4% of HIV-uninfected patients.” Other studies similarly found
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a higher proportion of MDR-TB in HIV-infected compared with HIV-
uninfected patients (42% versus 5% of isolates).!%1® When treated
appropriately, MDR-TBM in HIV-infected patients is not invariably
fatal.!6>8 A high index of suspicion for the diagnosis should be
maintained, especially in patients with a prior history of TB.!°
Although corticosteroids improve the prognosis in HIV-unin-
fected persons with TBM,>®~%2 its benefit in HIV-infected patients is
uncertain. A Cochrane systematic review concluded that data
regarding the benefit of adjuvant corticosteroids in HIV-infected
patients with TBM was inconclusive.®? It is common practice in many
settings to use corticosteroids in HIV-infected patients with TBM,
and some studies have suggested a benefit in these patients.!>>° A
randomized, placebo-controlled trial of dexamethasone in Viet-
namese adults with TBM showed a non-significant reduction in
mortality at nine months in HIV-infected patients not on ART.>°
Yechoor et al. found that not receiving corticosteroids was inde-
pendently associated with a higher mortality at nine months in
a predominantly HIV-infected patient population. However, corti-
costeroids may potentially cause harm in HIV-infected patients by
exacerbating immune suppression and increasing the risk of infec-
tions or the development or exacerbation of Kaposi’s sarcoma.®>~63

Surgical management

Although medical therapy is the mainstay of treatment for TBM,
surgical interventions may be required to assist in diagnosis,
treatment of mass lesions or their complications, as well as treat-
ment of hydrocephalus.%¢ The presence of hydrocephalus in TBM
patients is associated with a poor prognosis®’~7° but the manage-
ment of hydrocephalus remains controversial as well-designed
prospective randomized trials have not been conducted.”! Surgical
options include one or more of the following: external ventricular
drainage, ventriculo-peritoneal (VP) shunting, and endoscopic
third ventriculostomy (ETV).”"72 Literature regarding the optimal
surgical management of TBM-related hydrocephalus in HIV-infec-
ted patients is scarce. Nadvi et al. reported a dismal prognosis at
one-month follow-up in patients who underwent VP shunting; 10/
15 HIV-infected patients died compared to 4/15 HIV-uninfected
patients.” The association between severe disease at presentation
and poor outcome after VP shunting in TBM is well-recognised.”>74
However, in the study by Nadvi et al., 80% of HIV-infected patients
presented with milder disease severity (grade 1 and 2 of the Vellore
Grading System’>) compared to 47% of HIV-uninfected patients.
The mean CD4" T-lymphocyte count in HIV-infected patients was
183 cells/ul and no patients received ART. These findings can not
readily be generalized to patients with less severe immune
suppression or those receiving ART. ETV is an emerging treatment
option for TBM-associated hydrocephalus. Case series, using vari-
able entry and outcome criteria, have shown success rates of
41-77% in TBM patients.”~8% One of the major obstacles in the
application and success of this procedure in TBM is the distortion of
brain anatomy by basal inflammatory exudates.”>”%77 Although the
use of ETV in HIV-infected TBM patients has not been studied
explicitly, it is considered to be of benefit in these patients, as:
i) HIV-infected patients may have less basal exudate,® which allows
permeability of the floor of the third ventricle and better visuali-
zation of basal brain structures and, ii) the potential hazard of shunt
infection/blockage is avoided.”!

Treatment of HIV infection

TBM is classified by the World Health Organisation as an HIV
stage 4 disease requiring ART.3! Starting ART during antitubercu-
losis treatment improves outcome in HIV/TB co-infected patients,82
but the optimal time to start ART in these patients is not known.

Initiating ART during antituberculosis treatment may be associated
with overlapping drug toxicities, drug—drug interactions and,
paradoxical TB immune reconstitution inflammatory syndrome
(TB-IRIS), all of which may be detrimental to the patient.>>%3
Conversely, delayed initiation of ART may result in progression of
HIV disease and death. Two retrospective studies in HIV/TB co-
infected patients have found a reduced mortality in patients who
commenced ART earlier (within 2 months, compared to later®4)
and, in patients with CD4" T-lymphocyte counts <100 cells/ul, 2
weeks, compared to 8 weeks® after starting antituberculosis
treatment. In the first randomized, double-blind, placebo-
controlled trial comparing immediate ART (initiated < 7 days after
starting antituberculosis treatment) versus delayed ART (initiated 2
months after starting antituberculosis treatment) in adult patients
showed similar mortalities (76/127 versus 70/126) at nine-month
follow-up.?® Grade 4 adverse events were significantly more
frequent in the immediate ART group (80 vs. 69%; p = 0.04) during
the 12 months of follow-up, suggesting that delayed treatment may
be the preferred option.

One of the emerging complications of starting ART in patients
on antituberculosis treatment is paradoxical TB-IRIS.8587 Paradox-
ical TB-IRIS is characterized by an exuberant inflammatory
response against M.tb antigens in the context of a recovering
immune system. The reported incidence is 8—43%.8° Patients with
paradoxical TB-IRIS typically present with clinical or radiological
deterioration after starting ART, following an initial period of clin-
ical improvement on antituberculosis treatment. Neurological
involvement, documented in 12% of paradoxical TB-IRIS cases, is
fatal in a significant proportion of patients?! (see Figure 1 for
illustrative case). Patients may present with new or worsening
meningitis, 2888 tuberculoma,?"*°~**  tuberculous  brain
abscess,”>% or radiculomyelitis.>"8? Although paradoxical reac-
tions have been described for HIV-uninfected and HIV-infected
TBM patients not on ART,%~'°! paradoxical TB reactions (not
restricted to the CNS) occur at much higher frequency in patients
after initiating ART.1%? Diagnosing paradoxical neurological TB-IRIS
is challenging; although case definitions have been published, no
diagnostic test exists, and other causes for deterioration need to be
excluded.?"86 The differential diagnoses of paradoxical neurological
TB-IRIS include: other CNS opportunistic infections; drug-resistant
M.tb infection; non-compliance to antituberculosis treatment; and
drug reactions and toxicities.®® Sub-optimal antituberculosis drug
doses should also be considered. The risk factors for paradoxical TB-
IRIS include: disseminated TB; a shorter time interval from
commencing antituberculosis treatment to initiating ART; severe
immune suppression at TB diagnosis; and a rapid immune recovery
following ART initiation.”> The optimal management of patients
with paradoxical neurological TB-IRIS is unknown. Support for the
benefit of corticosteroids in these patients is derived from anec-
dotal case reports,sg'91 one case series,21 and a randomized,
placebo-controlled trial of prednisone in patients with mild to
moderate paradoxical TB-IRIS.!® The latter study showed signifi-
cant symptomatic improvement and shorter duration of hospital-
ization in patients treated with prednisone (at a dosage of 1.5 mg/
kg/day for 2 weeks followed by 0.75 mg/kg/day for 2 weeks)
compared to placebo. However, patients with severe TB-IRIS
manifestations (e.g. neurological IRIS) were not included in this
study. Pepper et al. showed initial clinical improvement in 18/20
patients treated with prednisone for neurological TB-IRIS (at
a starting dose of 1.5 mg/kg/day).?! Six-month survival for the
whole group (n = 23) was 70%. Alternative immunomodulatory
therapies, such as thalidomide, pentoxifylline, montelukast
(a leukotriene antagonist) and infliximab (a tumor necrosis
factor—o inhibitor), have been used with success in selected cases
of TB-IRIS involving extra-CNS sites or paradoxical CNS TB reactions
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Figure 1. Contrast ed axial computed tomography (CT) image showing
multiple tubercul a, basal I enhancement and hydrocephalus in
a patient with tuberculous meningitis immune reconstitution inflammatory
syndrome. A 41-year-old HIV-infected female (baseline CD4* T-lymphocyte count
123 cells/ul) was diagnosed with tuberculous meningitis; cerebrospinal fluid cultured
Mycobacterium tuberculosis susceptible to rifampicin and isoniazid. She improved on
antituberculosis treatment and was started on combination antiretroviral therapy
(ART) nine weeks later. Seven days after ART initiation, she developed vomiting and
difficulty walking. CT of the brain performed 18 days after symptom onset showed
multiple ring-enhancing lesions with surrounding oedema, basal meningeal
enhancement, and hydrocephalus with effacement of the fourth ventricle. Her CD4" T-
lymphocyte count was 253 cells/ul and her HIV viral load was 290 copies/ml. She
continued antituberculosis treatment and ART. Oral prednisone was started at a dose of
1.5 mg/kg/day and weaned over the next 3 months. Six weeks after initial presentation,
her symptoms had resolved and her neurological examination was normal.

(in patients not on ART).% The potential application of these
agents in TBM-IRIS still needs to be determined; their use in these
patients may be limited due to potential serious adverse events.

Outcome

TBM is generally associated with a poor prognosis, even in HIV-
uninfected patients.?830>961 Although one study found that the in-
hospital mortality differed significantly between HIV-infected and
HIV-uninfected patients (63% versus 18%, OR 7.4, 95% CI 3.0—18.5,
p = 0.0000),'° death during hospitalization appears to be similar
between HIV-infected patients (13—72%) and HIV-uninfected
patients (21—64%).311141719 Cecchini et al. reported the following
factors to be significantly associated with death during hospitali-
zation in HIV-infected patients with TBM: BMRC grade II and III
disease; infection with MDR-TB strains; and a CD4" T-lymphocyte
count less than 50 cells/ul.'® Berenguer et al. found a similar asso-
ciation between a low CD4*" T-lymphocyte count (<200 cells/ul)
and in-hospital mortality by univariate analysis> but this finding
was not substantiated by other studies.'*!> Other variables asso-
ciated with reduced hospital survival in HIV-infected patients with
TBM include duration of symptoms >14 days® and reduced Glas-
gow Coma Scale (Ges).»

Most studies report higher rates of death at six to nine months
after initiation of antituberculosis treatment in HIV-infected patients
(24—67%) compared to HIV-uninfected patients (0—30%).>51228
Factors independently associated with death at six to nine months
of follow-up in HIV-infected patients are: tachycardia,'® increased

TBM grade,”?® lower haematocrit,” not receiving corticosteroids,'?
and a history of ART prior to presentation.'® Independent predictors
of earlier time to death in HIV-infected patients predominantly not on
ART include: increased TBM grade, decreased CSF lymphocyte
percentage, and lower serum sodium.”

It is likely that severe immunosuppression and resultant HIV-
related illnesses contribute to the poor outcomes observed in HIV-
infected TBM patients. Most patients are severely immune
suppressed at presentation (median/mean CD4" T-lymphocyte
count 32—180 cells/ul)>*791171518=20 3nd do not receive ART
during TBM treatment.5~21¢ A low CD4* T-lymphocyte count has
been associated with a poor outcome by univariate, but not
multivariate, analysis at nine months of follow-up.”!® This includes
one study in which patients did not receive ART during antituber-
culosis treatment,” and another, in which a third of patients were
known to be on ART at TBM diagnosis.'® In the latter study, the
authors did not comment on the number of patients who
commenced ART during TBM treatment. In addition, patients who
died were less likely to receive ART.? Unsurprisingly, a significant
proportion of HIV-infected patients present with concomitant
AIDS-defining illnesses at TBM diagnosis>#618 or during the course
of TBM treatment.” This was also observed in patients who
commenced ART following TBM diagnosis.?® Although rarely
reported, AIDS-related illnesses account for up to 50% of patients
with TBM (not on ART) who die.® Long-term mortality rates are also
high for TBM patients receiving ART during antituberculosis
treatment. In one study, the nine-month mortality in 253 patients
started on ART within 2 months of antituberculosis treatment
initiation (58%) was not markedly different compared to a historic
control group predominantly not exposed to ART from the same
site (67%).%29 In this study, the median CD4* T-lymphocyte count in
patients started on ART was severely suppressed (40 cells/ul) at the
time of TBM presentation, and a large proportion of patients died
prior to peripheral blood HIV viral suppression. Croda et al. report
a high mortality rate at nine months (41%) in a group of HIV-
infected TBM patients, a third of which were known to be on ART at
TBM diagnosis!® Similar to the study by Torok et al. CD4*" T-
lymphocyte counts were severely suppressed at the start of anti-
tuberculosis treatment and did not differ between patients who
were (76 cells/ul) and were not (70 cells/ul) receiving ART. The use
of ART prior to TBM presentation was independently associated
with nine-month mortality. The authors conclude that this unex-
pected finding probably relates to ART discontinuation or irregular
use. It is conceivable that the timing of ART in patients enrolled into
these two studies was ‘a little too late’ for many of them; improved
outcomes might have been observed had ART been commenced
prior to such extreme immunosuppression.

Conclusions

Although the clinical presentation, laboratory findings and
radiological features of TBM are largely similar in HIV-infected and
HIV-uninfected patients, some important differences exist. HIV-
infected patients present more frequently with extra-meningeal
tuberculosis and systemic features of HIV infection. The diagnosis
poses significant challenges as the differential diagnosis is broader,
and CSF parameters may differ, compared to HIV-uninfected patients.
The management of HIV-infected TB patients is complicated by the
need to treat both infections simultaneously, in the absence of
arobust evidence base. In HIV-associated TBM, the clinical course and
dismal outcome are undoubtedly influenced by profound immuno-
suppression at presentation, emphasising the need for earlier diag-
nosis of HIV infection and initiation of antiretroviral treatment.
Strategies to improve early diagnosis and management of HIV-asso-
ciated TBM are urgently required.
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Addendum to Chapter 2

Burden of disease

Recent studies continue to emphasize the significant contribution of TBM
to the health burden in high TB/HIV co-infection settings. Of HIV-infected
patients admitted for CNS deterioration to a hospital in Ethiopia, TBM was
the second most common cause, accounting for 22.5% of cases '. In
a high HIV-prevalence setting in Malawi, M. tuberculosis was the cause
of 18% of microbiologically confirmed meningitis cases 2. In two studies
from Cape Town each conducted over three years, TBM accounted for
28% (n=227) of microbiological confirmed meningitis cases in adults 3, and
53% (n=126) of bacterial meningitis (including bacterial and mycobacterial)
cases in children 4, at a district-level hospital, and a tertiary referral hospital,
respectively. Studies that define TBM based on laboratory methods are likely
to underestimate TBM disease prevalence as, in contrast to cryptococcal
meningitis and bacterial meningitis for which sensitive laboratory-based

diagnostic methods exist, such tests are insensitive for TBM diagnosis °.

Clinical and laboratory diagnosis

The most common differential diagnosis for TBM in HIV-infected patients
is cryptococcal meningitis, which often presents with similar clinical and
CSF features to that of TBM *2:6. Although CSF India Ink, crytococcal latex
agglutination test (CLAT) and/or fungal culture are necessary to rule out CM
in HIV-infected TBM suspects, these tests are not always readily available
in resource-poor settings. One study therefore investigated the utility of a
diagnostic algorithm, based on clinical and routine laboratory findings, to
distinguish TBM from CM 2. In this study, higher lymphocyte counts (median
[IQR]; 45 [0-280] versus 0 [0-18] cells/uL), lower CSF opening pressure (200
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[145-275] versus 270 [160-340] mm H,0), lower GCS (12.5 [8-15] versus 15
[14-15] /15), more frequent neck stiffness (78.3 versus 54.6 %) and higher
temperature (mean = SD; 39.8 + 13.3 versus 37.2 + 1.0 °C) distinguished
CSF culture confirmed TBM (n=46, 89% HIV-infected) from CM (n=112,
98% HIV-infected) by multivariate analysis 2. However, the diagnostic
index that included these variables had insufficient sensitivity (83%) and
specificity (79%) for its clinical application in the diagnostic approach to

patients with HIV-associated meningitis.

A second prediction rule for the diagnosis of TBM in high HIV-prevalence
settings developed during a study from Durban, South Africa, included the
following factors that significantly associated with a definite diagnosis of
TBM (i.e. either CSF culture or polymerase chain reaction [PCR] positive for
M. tuberculosis) by multivariate analysis: CSF to serum glucose ratio < 0.2
(score=2), CSF lymphocyte count >200 cells/uL (score=2), CD4 count <200
cells/ulL (score=2) and a negative CLAT result (score=3) . A combined score
of > 6 showed a sensitivity and specificity (95%Cl) of 47% (31-64) and 98%
(90-100), respectively, to diagnose definite TBM. The authors then included
results of a lipoarabinomannan (LAM) antigen ELISA test performed on
CSF in their diagnostic algorithm. Detection of LAM, a mycobacterial cell
wall component, in urine is a useful, rapid diagnostic tool in HIV-associated
TB patients with severe immunosuppression 8. When CSF LAM (cut off OD
> 0.18) was included in the prediction-rule for definite TBM, the sensitivity
increased to 63% (47-68) and specificity remained high at 93% (82-98) .
Although this algorithm shows promise as a good rule-in test for TBM in
high HIV prevalence settings, its diagnostic application would need to be

confirmed in larger studies.
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A further laboratory method that is of potential value in the rapid diagnosis
of TBM is the Xpert MTB/RIF test (Xpert, Cepheid, Sunnyvale, CA, USA),
a real-time PCR assay for M. tuberculosis that simultaneously detects
rifampicin resistance °. The Xpert assay performs better than microscopy
in the diagnosis of pulmonary TB in M. tuberculosis culture positive sputum
samples in both HIV-infected and uninfected patients °. Promising results
have recently emerged for the application of Xpert in extra-pulmonary TB '°,
including TBM 13, A meta-analysis of the diagnostic accuracy of the test
reported a pooled sensitivity (95% CI) of 80.4% (75.0-85.1), and a pooled
specificity of 86.1% (83.5-88.4) in M. tuberculosis culture positive extra-
pulmonary specimens '°. In a study of TBM patients from Vietnam, the
overall sensitivity of Xpert was 59.3% (n=108/182, 95% CIl: 51.8-66.5) using
clinical diagnosis as the reference standard and the specificity was 99.5%
(97.2-100) . In this study, the sensitivity of Xpert was significantly higher
in HIV-infected compared to HIV-uninfected patients (sensitivity 78.8%
versus 47.9%, OR: 4.01, 95% CI: 3.65-4.36, p<0.001). In a South African
study that evaluated Xpert in the diagnosis of TBM in a predominantly
HIV-infected co-hort (87% of the 204 participants were HIV-infected), the
sensitivity and specificity of Xpert were 67% (n=36/54, 95%CI: 53-79) and
94% (n=61/65, 85-98), respectively; this analysis included patients with
definite TBM and patients with other causes of meningitis . Although the
overall sensitivity decreased to 36% (n= 38/106, 95% CI: 27-46) when
probable TBM was included in the reference standard, using a larger
volume (3 ml) of centrifuged CSF compared to 1 ml of neat CSF increased
the sensitivity markedly from 26% to 65%, in this analysis. In a study
from India that compared the performance of light-emitting diode (LED)
auramine fluorescent microscopy and Xpert for the diagnosis of TBM in

HIV-infected TBM suspects, the number of positive results increased 12
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fold with Xpert (n=35/142, 24.6%) compared to LED microscopy (n=3/142,
2.1%) 2. Although results from these studies are encouraging for the utility
of Xpert as a rapid rule-in test for TBM, the high costs associated with
Xpert compared to LED microscopy (cost per test: 16.84 USD vs 0.2 USD),

may restrict its use in resource-poor settings 2.

Outcome

Outcome in HIV-associated TBM remains poor in spite of increased
availability of ART. A study from India reported a 12-month mortality of 51%
in HIV-infected patients on standard TB treatment, 43% of these patients
were receiving ART at time of TBM presentation . In an Ethiopian study,
54% (42/78) of HIV-associated TBM cases, the majority of whom were not

receiving ART at presentation, died during hospitalization .

Similar to previous studies, Alvarez-Uria et al. reported an association
between lower CD4 count and mortality during TB treatment in HIV-
associated TBM; adjusted hazard ratio (aHR [95% CI]) for CD4 < 50 /uL =
1.95 (1.132-3.372) . In this study, being on ART for less than six months
compared to not receiving ART was associated with decreased mortality
(@HR [95% CI] = 0.56 [0.311-0.995]) and low serum albumin concentration

(= 3.8 g/dL) was an independent risk factor for death 4.

Medical management

The principles of treating TBM are still based on those used in pulmonary
TB > 5, but there is increasing interest in exploring alternative evidence-
based treatment regimens for TBM. Findings from two recent studies
suggest a mortality benefit from ‘intensified’ treatment regimens early

during TB treatment in TBM patients. Firstly, a randomized controlled
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trial with a factorial design investigated the safety and pharmacokinetic
profiles of higher than normal dose intravenous (IV) rifampicin as well
as oral moxifloxacin in HIV-infected and -uninfected adults with TBM
6, Although not powered to detect a mortality benefit, an improved
outcome was observed in patients receiving IV rifampicin (~13mg/kg/day)
compared to the oral standard dose (~10mg/kg/day) during the initial two
weeks of TB treatment; patients who received IV rifampicin had a more
rapid resolution of coma (median [IQR]; 4 [2-8] versus 5 [3-7] days) and
reduced mortality at 6-month follow-up compared to those who received
oral rifampicin (mortality, 34% versus 65% (aHR for death [95% CI]; 0.42
[0.20-0.91]) p=0.03). Secondly, an observational study in 203 HIV-infected
TBM patients showed a mortality benefit in patients who received an initial
intensified regimen of oral higher than normal doses isoniazid (~14mg/kg/
day) and rifampicin (~21mg/kg/day) as well as pyrazinamide, ethionamide
and levofloxacin for a median of seven days, compared to standard TB
treatment (including rifampicin, isoniazid, ethambutol and pyrazinamide);
the aHR (95%CI) for death with standard TB treatment was 2.05 (1.21-
3.42) 4. A further randomized controlled trial assessing the utility of higher
doses of oral rifampicin (15mg/kg/day) and oral levofloxacin (20mg/kg/day)

in improving TBM outcome is currently ongoing in Vietnam .

Corticosteroid treatment is associated with improved survival in HIV-
uninfected patients with TBM and is recommended in all affected patients,
regardless of HIV-status '° 8. In 2004 results from a randomized controlled
trial of adjunctive dexamathosone in TBM were reported '8; at 9-months
follow-up, dexamethasone was associated with a reduced risk of death,
compared to placebo which was significant in all patients (relative risk [RR]

[95%CI]; 0.69 [0.52-0.92]; p=0.01). In subgroup analysis, the point estimate
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of effect was similar in HIV-infected patients (n=98) but did not reach
statistical significance (stratified RR of death [95 %CI]; 0.78 (0.59-1.04);
p=0.08). Corticosteroid treatment was further associated with a decrease
in severe adverse events, in particular hepatitis (0/274 versus 8/271 in the
placebo group, p=0.004), in all patients. However, the outcome benefit
seen with adjunctive corticosteroids was of limited duration. In a follow-up
study, Torok et al. '° determined outcomes of participants in Thwaites’s trial
'8 who received dexamethasone compared to placebo, two and five years
after randomization. At 2-years follow-up, survival probability showed only
a trend to being higher in the dexamethasone arm (0.63 [95%ClI= 0.57-
0.69] versus 0.55 [0.49-0.61]; p=0.07) and 5-year survival probability was
similar (0.54 [0.48-0.60] versus 0.51 [0.45-0.57]; p=0.51). Furthermore, the
dexamethasone group had a similar proportion of severely disabled patients
among survivors at five years to the placebo group (17/128, 13.2% versus
17/116, 14.7%). As the authors suggested, it is likely that dexamethasone
prevented death at nine months but left more patients disabled; these

disabled patients then went on to die during the follow-up period.

Strokes occur in 15-58% of TBM patients and may occur prior to, or
develop during, TB treatment 2°. The role of aspirin, an anti-platelet drug
used widely for the prevention of ischemic stroke, have thus been explored
in the management of TBM 2'-22, In a randomized controlled trial of aspirin
in 118 TBM patients (HIV status not reported), aspirin (150mg/day) was
associated with a non-significant reduction in stroke (as evidenced by MRI
findings) at 3-months follow-up, compared to the placebo group (24.2
versus 43.3 %; OR [95%Cl]; 0.42 [0.12-1.39]) 2'. Importantly, aspirin was
significantly associated with survival (OR [95% CI]; 3.17 [1.21-8.31]) at

3-months follow-up, and it was not withdrawn in any patients due to adverse
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events. Conversely, a randomized controlled trial in 146 children with TBM
(5 HIV-infected), found no significant benefit for either high-dose (100mg/
kg/day) or low-dose (75mg/day) aspirin compared to placebo in relation to
morbidity (hemiparesis and developmental outcome) and mortality during
TB treatment 22, In this study, one death was potentially related to aspirin
and a second participant was withdrawn due to an aspirin-related adverse
event. Further studies that include HIV-infected patients are required to
confirm or refute the role of aspirin in the management of patients with

TBM.

Treatment of HIV infection

The optimal time of starting ART in patients with HIV-associated TBM
remains uncertain. Delaying ART in severely immune suppressed persons
could result in HIV disease progression and increased vulnerability to other
lethal opportunistic infections. Conversely, early ART initiation in TB patients
increases the risk of developing TB-IRIS 23?°, which is frequently fatal
when the CNS is involved 2627, In a randomized controlled trial of patients
with HIV-associated TBM reported in 2009, Torok et al. (referenced as an
abstract in main text of this Chapter; reference 20) showed no difference
in 9-months mortality between severely immunosuppressed TBM patients
(median CD4 count = 41 cells/uL) who started ART immediately (within
seven days of TB treatment), compared to later (two months after starting
TB treatment) 28. Since then, results from three randomized controlled trials
that addressed the question of when to start ART in TB/HIV co-infected
patients have been published 2-2°, These trials either showed a mortality
benefit 2%, or a decrease in the combined endpoint of death or AIDS-defining
illness 2425, with starting ART 2-4 weeks, compared to 8-12 weeks, after TB

treatment in patients with CD4 counts less than 50 cells /uL, in spite of an
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increased risk of TB-IRIS in the early ART groups; a similar mortality benefit
with starting ART early was not seen in patients with higher CD4 counts.
The majority of patients in these studies had TB outside of the CNS and
similarly, the majority of IRIS events did not involve the CNS 2°3'. Results
may therefore not be applicable to patients with meningitis, who are at high
risk of developing life-threatening intracranial TB-IRIS manifestations 2. In
view of this concern and the finding of an increased frequency of severe
adverse events in TBM patients who commence ART early 2, current South
African Department of Health guidelines recommend starting ART 4-6

weeks after TB treatment in TBM patients, regardless of CD4 count *.

Paradoxical neurological TB-IRIS

Paradoxical TB-IRIS occurs in 8-54% of TB/HIV co-infected patients after
starting ART 23-2% 3438, CNS involvement is reported in 0-31% of these
cases 26:27.29.35.36,38 The risk of developing neurological TB-IRIS may be
increased in patients who initially present with neurological involvement at
TB diagnosis; in a study from Cape Town, 20% of neurological TB cases
developed TBM-IRIS after ART initiation *. TBM-IRIS is the most life-
threatening form of TB-IRIS with studies reporting associated mortality of
13-75% 26:27:38 compared to the 3.2 % estimate for all forms of paradoxical
TB-IRIS combined *; however, in one small case series (n=6) no deaths

were attributed to TBM-IRIS 36.

TB-IRIS pathogenesis

The pathogenesis of TB-IRIS is incompletely defined and no diagnostic
test exists “°. TB-IRIS typically occurs during the initial immune restoration
phase following ART initiation that is characterized by a marked increase

in CD4 count 34, Earlier studies of TB-IRIS immunopathogenesis have
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therefore focused on the adaptive immune system. Initial studies found
that TB-IRIS was characterized by an expansion of M. tuberculosis
antigen-specific CD4 cells after ART initiation compared to patients who
did not develop TB-IRIS 4. However, subsequent studies have shown
that these expansions also occur in TB/HIV co-infected patients who do
not go on to develop TB-IRIS, suggesting a contributing role for other
factors to TB-IRIS pathogenesis #2. Various recent lines of evidence are
implicating the innate immune system as an important contributor to TB-
IRIS pathogenesis . Lung autopsy findings from a patient with unmasking
pulmonary TB-IRIS reported in 2009 revealed the presence of CD68+
macrophages as the dominant inflammatory cell type “3. Since then, higher
natural killer cell activation states %4, monocytes “°, the complement system
46 pattern recognition receptors #” and cytokines predominantly of myeloid
origin such as IL-6 %848 TNF “¢ and IL-18 %°, have all been associated with
TB-IRIS. Further reported associations between diverse inflammatory
mediators and TB-IRIS in vivo at TB-IRIS presentation include elevated
blood (serum or plasma) CXCL10 #°, IL-10 and IL-22 *°, IFN-y “® as well as
matrix metalloproteinase (MMP)-7 5. Inflammatory mediators measured in
plasma prior to ART initiation found to associate with subsequent TB-IRIS
include the combination of decreased CCL2 and elevated CXCL10 and
IL-18 (association was further strengthened in combination with increased
IFN-y responses to RD1 antigens and purified protein derivative; AUC 0.9)
4 and elevated IL-6 %, IFN-y (in patients not receiving corticosteroids) *2

and CXCLS8 (in patients receiving corticosteroids) *2.

A potential mechanism by which corticosteroids result in symptomatic
improvement in TB-IRIS ** may be through its modulatory effects on

cytokines and chemokines. Corticosteroids suppressed cytokine/
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chemokine concentrations of IL-6, IL-10, IL-12p40, CXCL10 and TNF
in blood of TB patients pre-ART °2 and during treatment for TB-IRIS *.
Plasma TNF, IFN-y, IL-6 and CXCL8 were further significantly higher in
TB-IRIS patients not receiving corticosteroids, but not in those receiving
corticosteroids, two weeks after ART initiation compared to patients who
did not develop IRIS *2. All TBM patients receive adjunctive corticosteroids
for 6-8 weeks as part of routine care; this may reduce the frequency and/or
severity of TB-IRIS in HIV co-infected TBM patients who initiate ART during

this period.

No studies have thus far investigated immunological markers from the
site-of-disease (e.g. lungs) in patients with TB-IRIS and no reports of
immunopathogenesis in patients with neurological TB-IRIS exist. An
excessive intracerebral inflammatory response is considered to be partly
responsible for the neurological damage in TBM outside of the context of
IRIS *%; results from studies that investigated markers of inflammation in TBM
patients could therefore direct research of TBM-IRIS immunopathogenesis.
Studies in animals and in vitro models indicate that cytokines play an
important part in the modulation of the immune response to infection
with M. tuberculosis *°°8, and there is evidence for compartmentalization
of various cytokines at the site of disease in humans °° *°. The following
findings relate to CSF cytokines in TBM: 1) Cytokine concentrations: TBM
is characterized by increased expression of pro-inflammatory cytokines
(IFN-y, TNF, IL-1B, IL-8, IL-6) and the regulatory cytokine IL-10 95 60-62,
Some of these inflammatory markers remain high for weeks to months
after the initiation of TB treatment. 2) Cytokine differences between HIV-
infected and -uninfected patients with TBM: In a study of 497 patients

(89 HIV-infected), HIV co-infection was associated with six-fold lower IL-10

Page | 36



concentrations (log concentration [pg/ml] mean = SD; 0.71 +1.02 versus
1.47 £ 0.79, p<0.0001), and increased IFN-y/IL-10 ratios (log ratio; 1.6 +
0.70 versus 0.97 = 0.99; p=0.0004) *'; however these associations were not
confirmed by others . HIV-infected and -uninfected patients had similar
concentrations of other cytokines, including IL-6, IL-8, IFN-y and TNF ¢°
61, 3) Correlation between cytokine concentrations and severity and
outcome in TBM: Simmons et al. ' found that IL-6 concentration was
independently associated with severe (British Medical Research Council
[BMRC] grade lll) disease (OR [95%CI]; 2.1 [1.1-3.8]; p=0.017) in HIV-
uninfected patients and, death was independently associated with lower
IFN-y in HIV-infected patients, at presentation. He and others ©? did not
find any correlation between TNF and disease severity, however Patel et al.
% found a positive correlation between TNF (p=0.008) and IFN-y (p=0.03)
concentrations and disease severity (BMRC grade Il and Ill versus l) in HIV-
infected (n=17) and -uninfected (n=10) patients combined. 4) Modulation
of cytokine levels by corticosteroid therapy: Only a marginal reduction in
IFN-y but no other cytokine concentration differences were found in patients
treated with adjunctive dexamethasone (n=27) compared to patients on TB
treatment alone (n=25) (mean + SD; net reduction of IFN-y during the first

week of therapy: 2.2 + 3.3 versus 2.0 + 5.9 ng/ml; p = 0.06) .

Other inflammatory mediators including MMPs and their inhibitors, tissue
inhibitors of matrix metalloproteinases (TIMPs), have also been reported
as markers of disease severity in TBM %%, MMPs are a family of zinc-
dependant endopeptidases that degrade extracellular matrix components,
including those found in the blood-brain-barrier . To protect the host
during inflammation, the activity of MMPs are inhibited by synchronously

expressed TIMPs, which bind MMPs in a 1:1 ratio ©. Elevated CSF MMP-
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9 ¢46 and MMP-2 % concentrations and increased MMP-9:TIMP-1 ratios
% have been associated with death % and neurological complications ®*
% in patients with TBM. Cerebrospinal fluid concentrations of MMP-9
were previously shown to decrease in HIV-uninfected patients receiving
dexamethasone, compared to those receiving placebo, during TBM
treatment and it was postulated that this may represent a mechanism by

which corticosteroids improve outcome in these patients .

Treatment and prevention of TB-IRIS

Corticosteroids continue to be the mainstay of paradoxical neurological
TB-IRIS treatment and few recent studies have investigated alternative
treatment options °. In a small case series, three children received
thalidomide, in addition to high-dose corticosteroids during treatment
for paradoxical neurological TB-IRIS; ART was interrupted in all cases .
Outcome in these patients was variable: one died; one recovered over
months of treatment; and in the third, who had recurrent relapses after
three attempts to re-introduce ART, the addition of mycophenylate mofetil

eventually allowed the successful re-initiation of ART.

Results of the first randomized controlled trial for the prevention of IRIS have
recently been reported 2. Severely immunosuppressed (CD4 <100/uL) HIV-
infected patients were randomized to receive maraviroc (600 mg twice daily)
or placebo in addition to standard ART during the first 24 weeks of ART; the
primary endpoint was the development of IRIS during this period. Maraviroc
is an antiretroviral agent that blocks HIV entry into host cells through its
antagonistic binding of chemokine receptor 5 (CCR5) 7. It was therefore
proposed that maraviroc could potentially down regulate inflammation by

blocking the binding of natural CCR5 ligands to their receptors, such as
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CCLS, CCL4, CCL5 and CCL8 ™ resulting in a decreased incidence of
IRIS. Disappointingly, maraviroc was not associated with a decrease in
either the frequency (33/140, 23.6% versus 31/136, 22.8%), or the severity

(severe IRIS: 5.5% versus 6.6%), of IRIS events compared to placebo.

Conclusions

HIV-associated TBM is a common devastating disease, particularly in high
TB/HIV co-infection settings. In addition to challenges with regards to early
diagnosis and optimal treatment strategies during the initial presenting
event, neurological TB-IRIS further compromises survival in those patients
who recover sufficiently to start ART. The pathogenesis of TB-IRIS is
incompletely understood and no treatment is of known benefit in the
prevention or treatment of neurological TB-IRIS. A better understanding
of the immunopathogenesis of TBM-IRIS may direct future research of
strategies for both the prevention and treatment of this frequently fatal

phenomenon.
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Personal View

Tuberculous meningitis: a uniform case definition for use in

clinical research

Suzaan Marais, Guy Thwaites, Johan F Schoeman, M Estée Torok, Usha K Misra, Kameshwar Prasad, Peter R Donald, Robert J Wilkinson, Ben | Marais

Tuberculous meningitis causes substantial mortality and morbidity in children and adults. More research is urgently
needed to better understand the pathogenesis of disease and to improve its clinical management and outcome. A
major stumbling block is the absence of standardised diagnostic criteria. The different case definitions used in various
studies makes comparison of research findings difficult, prevents the best use of existing data, and limits the
management of disease. To address this problem, a 3-day tuberculous meningitis workshop took place in Cape Town,
South Africa, and was attended by 41 international participants experienced in the research or management of
tuberculous meningitis. During the meeting, diagnostic criteria were assessed and discussed, after which a writing
committee was appointed to finalise a consensus case definition for tuberculous meningitis for use in future clinical
research. We present the consensus case definition together with the rationale behind the recommendations. This
case definition is applicable irrespective of the patient’s age, HIV infection status, or the resources available in the
research setting. Consistent use of the proposed case definition will aid comparison of studies, improve scientific

communication, and ultimately improve care.

Introduction

Tuberculous meningitis is the most severe form of
tuberculosis and causes substantial morbidity and
mortality in adults and children."” The outcome of this
disease is especially grave in patients with HIV."™™*
Clinicians face substantial challenges in the diagnosis and
management of tuberculous meningitis:® disease
pathogenesis is poorly understood; rapid, sensitive, and
affordable diagnostic tests are not available; and the best
management has not been established by randomised
controlled trials. Further research is urgently needed, but
the low frequency with which a definitive diagnosis is
established and the absence of a uniform clinical case
definition are major obstacles. Detection of acid-fast bacilli
(AFB) and culture isolation of Mycobacterium tuberculosis
from cerebrospinal fluid (CSF) have been reported with
high frequency in some studies”but are the exception in
most.”®* Diagnosis usually relies on clinical evidence,
which combines supportive clinical, laboratory, and
radiological findings. Standardised diagnostic criteria for
tuberculous meningitis have not been established, and
most reports have used different case definitions. This
absence of standardisation makes comparison of research
findings difficult, prevents the best use of the existing
data, and limits progress in management. To address
these issues, an international tuberculous meningitis
workshop took place in Cape Town, South Africa, in May,
2009, to establish a consensus case definition for
tuberculous meningitis for use in future clinical research.
We present the consensus case definition, which should
be uniformly applicable, irrespective of the patient’s age or
HIV infection status or the resources available in the
research setting.

The organisers of the meeting invited leading
tuberculous meningitis researchers and clinicians with
experience managing patients with tuberculous
meningitis. 41 participants from seven countries (South
Africa, the UK, Vietnam, India, the USA, Malawi, and

Indonesia) attended the meeting. Participants included
paediatric and adult neurologists, neurosurgeons,
infectious  diseases specialists,  microbiologists,
immunologists, pharmacologists, and clinical trialists.
13 international tuberculous meningitis experts, all of
whom have published on the disease in international
peer-reviewed journals during the past 5 years, presented
their research findings. On the final day of the meeting,
the existing diagnostic criteria were assessed and a
consensus case definition for tuberculous meningitis
was developed. A writing committee of nine members
was appointed to review the existing data and develop the
final consensus statement.

Standardised clinical case definition

Inthe past 5 years, studies have used various case definitions
for tuberculous meningitis (panel 1)."*#810171820% Iy mogt
definitions, patients are given a definite, probable, or
possible tuberculous meningitis status depending on
clinical, laboratory, and radiological findings. Definite
tuberculous meningitis cases usually include patients with
AFB on CSF microscopy or M tuberculosis cultured from
CSF or another CNS source. However, some studies also
included patients with M tuberculosis identified from
specimens such as gastric aspirates, urine, or sputum,™*
or with M tuberculosis identified by PCR*** or IgM ELISA.®
Criteria for probable or possible tuberculous meningitis
cases differ greatly between studies, especially between
studies done in children and adults. Some studies do not
distinguish between patients with confirmed and suspected
tuberculous meningitis.*’

We propose that patients with suspected tuberculous
meningitis should be allocated to one of four diagnostic
categories depending on the strength of clinical,
laboratory, or radiological findings. The proposed
categories are definite, probable, possible, and not
tuberculous meningitis (figure 1). A patient suspected to
have tuberculous meningitis should be regarded as
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Panel 1: Examples of tuberculousis case definitions used for adults, children, or both in the past 5 years

Adults only
Torok (2008)”

Patients: HIV seropositive, 215 years of age
Case definition includes definite and probable tuberculous meningitis
cases
Definite tuberculous meningitis: CSF smear positive for AFB and/or culture
positive for Mycobacterium tuberculosis
Probable tuberculous meningitis: clinically suspected tuberculous
meningitis plus one or more of the following four criteria:

i)  CXR consistent with pulmonary tuberculosis

if) Other specimens (eg, sputum, lymph node, gastric washings)

positive for AFB

i) Evidence of extrapulmonary tuberculosis

iv) CT or MRI evidence of tuberculous meningitis
Patients were excluded if there was microbiological evidence of another
CNS infection.

Kalita (2007)®

Patients: HIV seronegative, =13 years of age

Case definition includes definite and suggestive tuberculous meningitis

cases.

A) Clinical criteria: meningitic symptoms including fever, headache,
and vomiting for 2 or more weeks

B) Supportive criteria:

i) CSF cells 220/pL with predominant lymphocytes, protein =2 g/L

ii) CT scan evidence of exudates, infarctions, hydrocephalus, and
tuberculoma in various combinations

iii) Evidence of extra-CNS tuberculosis

iv) Response to antituberculosis therapy

Exclusion criteria: malaria, septic, fungal, and carcinomatous

meningitides

Definite tuberculous meningitis: A and C plus positive PCR for

M tuberculosis or IgM ELISA , or AFB in CSF smear or culture

Suggestive tuberculous meningitis: A, C, and three or more of B

(@

-

Thwaites (2004)*

Patients: HIV seropositive and negative, >14 years of age

Case definition includes definite, probable, and possible tuberculous
meningitis cases

Definite tuberculous meningitis: clinical meningitis (nuchal rigidity and
abnormal CSF parameters) and AFB in the CSF

Probable tuberculous meningitis: clinical meningitis and one or more of
the following:

i) Suspected active pulmonary tuberculosis on the basis of CXR

i) AFB found in any sample other than from the CSF

having possible or probable tuberculous meningitis,
depending on initial lumbar puncture or cerebral
imaging findings. Results from subsequent tests will
determine the patient’s final diagnostic category—for
example, a patient will move up to the definite tuberculous
meningitis category if M tuberculosis is cultured from
their CSF. Conversely, a patient will move down to the
not tuberculous meningitis category if evidence for an

alternative diagnosis is identified (panel 2).

iii) Clinical evidence of other extrapulmonary tuberculosis

Possible tuberculous meningitis: clinical meningitis and four or more of
the following:

i) History of tuberculousis

i) Predominance of lymphocytes in the CSF

i) lllness of more than 5 days in duration

iv) CSFto blood glucose ratio of less than 0-5

v) Altered consciousness

vi) Yellow CSF

vii) Focal neurological signs

Patients were subsequently reclassified as having definite tuberculous
meningitis if AFB were seen in or M tuberculosis was cultured from the CSF,
and as not having tuberculous meningitis if another diagnosis was
confirmed by microbiological or histopathological assessment

Adults and children
Nagesh Babu (2008)*

Case definition includes definite and presumptive tuberculous meningitis

cases

A) Clinical criteria: fever, headache, meningeal signs, and other clinical

presentations of meningitis lasting for more than 2 weeks.

CSF criteria: typical features including pleocytosis (>20 cells/pL),

lymphocytes >60%, protein >1 g/L, and CSF: blood glucose ratio of less

than 0-6

Supportive criteria:

i) Isolation of M tuberculosis from body secretion other than CSF in
smear or culture

i) CXR findings of pulmonary tuberculosis (reticulonodular pattern in
upper lobes with or without cavitary lesions)

iii) Hydrocephalous from brain CT scan

D) Negative bacterial and fungal cultures and negative India ink

Definite tuberculous meningitis diagnostic criteria not stated

Diagnosis of presumptive tuberculous meningitis requires A, B, one or

more of C, and D to be fulfilled

&

@

—

Rafi (2007)

Patients: HIV seropositive and negative
Case definition includes culture-confirmed and clinical tuberculous
meningitis cases
Diagnosis of clinical tuberculous meningitis requires A, B, and C:
A) Clinical findings: headache, fever, and vomiting for more than 3 weeks
B) CSF findings: pleocytosis and high protein concentration
C) Neuroimaging findings: the presence of a basal exudate with or
without hydrocephalus
(Continues on next page)

Definite tuberculous meningitis

A diagnosis of definite tuberculous meningitis is made
when AFB are seen, M tuberculosis is cultured, or
M tuberculosis is detected by a reliable molecular method
from the CSF in someone with symptoms or signs
suggestive of the disease. AFB seen in the context of
histological changes consistent with tuberculosis in the
brain or spinal cord are also diagnostic for tuberculous
meningitis (mostly seen on autopsy). Identification
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(Continued from previous page) B) CSF criteria:
i) Pl is (>20 cell L) with lymph i
3) Children only i) (:;%c;/;oss (>20 cells per pL) with lymphocyte predominance

van Well (2009)*

« Patients: HIV seropositive and negative

« Case definition includes definite and probable cases

« Definite tuberculous meningitis: M tuberculosis isolated from CSF

«  Probable tuberculous meningitis: clinical signs of meningitis plus
characteristic CSF findings (macroscopically clear, pleocytosis, raised
protein, and reduced glucose), plus two or more of the following criteria:
i) Recent poorweight gain (crossing of percentiles on Road to Health card)
ii) Household contact with sputum smear-positive tuberculosis
i) CT scan compatible with tuberculous meningitis
iv) CXR compatible with primary tuberculosis
v) Positive TST
vi) Other clinical specimens positive for AFB

i) Protein concentration greater than age-specific normal value;
especially >1-0 g/L
iii) Chloride <120 mmol/L
iv) Glucose concentration less than 60% of concentration in blood
v) AFB on stains; negative India ink stains for cryptococcosis
vi) Culture positive for tuberculosis
+ Definite tuberculous meningitis: culture-positive CSF for tuberculosis—ie,
B(vi)
+  Probable tuberculous meningitis: A (iii) and two other positives from A
and three positives from B
+ Patients are classified as not having tuberculous meningitis if criteria
are not met or if an alternative diagnosis is made by culture or trial
of therapy.

Saitoh (2005)*
+ Diagnostic criteria for tuberculous meningitis:
+  CSF pleocytosis (210 cells per pL ) with one or more of the following:
i) Positive CSF culture for M tuberculosis complex organisms
(M tuberculosis or Mycobacterium bovis)
ii) Positive M tuberculosis PCR in CSF
iii) Positive CSF smear for AFB
iv) Positive gastric aspirate M tuberculosis culture or AFB smear
v) Positive TST with clinical evidence of tuberculous meningitis including
CT findings or close contact with individuals with known or suspected

Andronikou (2006)*
« Case definition includes definite and probable cases
A) Clinical criteria:

i) Household tuberculosis contact

ii) Positive Mantoux tests (>15 mm)

i) Neurological features: depressed level of consciousness, focal
neurological signs, raised intracranial pressure, seizures, or
meningism

iv) Systemic upset (in combination with neurological findings):
failure to thrive, fever, night sweats, proven pulmonary

tuberculosis, proven abdominal tuberculosis, or evidence of

extra-neurological involvement
v) Prolonged symptoms for more than 48h

of M tuberculosis from CSF, either by detection of AFB or
culture, is difficult, but the chances of positive diagnosis
can be increased by doing more lumbar punctures. From
an initial lumbar puncture sample, Kennedy and Fallon*
recorded the sensitivity of microscopy to be 37% and the
sensitivity of culture to be 52%. When up to four lumbar
punctures were done, the sensitivity of microscopy
increased to 87% and the sensitivity of culture increased
to 83%. Increasing the volume of CSF obtained and
meticulous microscopy (for at least 30 min) further
increases the chance of positive diagnosis.” Although the
benefits of fluorescence microscopy to detect AFB from
sputum is well established,” data on its sensitivity for the
detection of AFB from CSF are sparse.” Light-emitting
diode fluorescence microscopy systems provide a simple
and inexpensive alternative to costly mercury vapour
bulbs,”® but further studies are needed to assess its
application in the diagnosis of tuberculous meningitis.
The microscopic observation drug susceptibility assay is
a liquid culture method that detects characteristic
M tuberculosis morphology by use of an inverse light
microscope.” Thistechnique, which enables simultaneous
detection of M tuberculosis and determination of drug
susceptibility, might prove a rapid and sensitive diagnostic
method for tuberculous meningitis.”

tuberculosis.

CSF=cerebrospinal fluid. AFB=acid fast bacilli. CXR=chest radiograph.

CSF molecular diagnostic methods, such as nucleic
acid amplification tests**** and M tuberculosis antibody
detection assays,® have previously been included in
diagnostic criteria for tuberculous meningitis. Because
of their highly variable sensitivity and specificity,
both antibody assays®® and in-house nucleic acid
amplification tests™” are regarded as experimental.
Commercial nucleic acid amplification tests generally
show high specificities* and can therefore be used
to establish a definitive diagnosis in someone with
symptoms or signs suggestive of tuberculous
meningitis. However, more data are urgently needed to
establish the robustness of these tests in field conditions;
the specificities of both culture and PCR methods
might be compromised in areas endemic for
tuberculosis because of an increased risk of sample
cross-contamination.” The Xpert MTB/RIF assay
(Cepheid, CA, USA), is one of several methods that
uses real-time PCR to amplify and detect M tuberculosis
and identify drug resistance. This is an easy, rapid
method that was sensitive and highly specific in initial
studies done in patients with pulmonary tuberculosis.*®
Studies are underway to validate these findings and to
determine this assay’s application in extrapulmonary
tuberculosis.
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| Patient with suspected tuberculous meningitis

4
Lumbar puncture Brain CT/MRI

Definite tuberculous
meningitis

Probable tuberculous meningitis:
Diag nostic;core >10/12

v
A

Possible tuberculous meningitis:
i Diagnostic score 6-9/6-11

A

Not tuberculous meningitis: alternative cause identified

Figure 1: Categories for patients with suspected tuberculous meningitis

Patients suspected of tuberculous meningitis enter a study after lumbar puncture or brain imaging has been done
in those meeting required criteria. Patients then move up or down the diagnostic pyramid as subsequent results
become available and are classified into definite, probable, possible, or not tuberculous meningitis according to
diagnostic criteria. Definite tuberculous meningitis: microbiological identification or evidence from commercial
nucleic acid amplification tests of CNS Mycobacterium tuberculosis infection. Probable tuberculous meningitis:
when imaging is available a diagnostic score of 12 or above is required, and when imaging is not available, a
diagnostic score of 10 or above is required. Possible tuberculous meningitis: when imaging is available a diagnostic
score of 6-11 is required, and when imaging is not available, a score of 6-9 is required.

In summary, a diagnosis of definite tuberculous
meningitis should be made when one or more of the
following criteria are met: AFB seen in the CSF,
M tuberculosis cultured from CSF, or a CSF M tuberculosis-
positive commercial nucleic acid amplification test from
a patient who presents with symptoms or signs suggestive
of meningitis; or AFB seen in the context of histological
changes consistent with tuberculosis in the brain or
spinal cord together with suggestive symptoms or signs
and CSF changes, or visible meningitis (on autopsy).

Probable and possible tuberculous meningitis

We propose that the diagnosis of probable or possible
tuberculous meningitis be determined by a diagnostic
scoring system (table) that requires the presence of
symptoms or signs indicative of meningitis plus
additional clinical, CSF, or imaging criteria, with
exclusion of the most likely alternative diagnoses. The
number of points required for a diagnosis of probable
tuberculous meningitis (=12 when imaging is available
or =210 when imaging is not available) and the points
awarded in each category were decided by reviewing
studies that quantified the diagnostic contribution of
specific variables®”** and based on personal experience
and consensus. The guiding principle was to encourage a
uniform approach and to ensure diagnostic certainty of
the highest possible standard, irrespective of the available
resources. We have considered all available evidence on
the differential diagnostic relevance of clinical variables
to standardise definitions and establish uniformity that

will allow direct comparison in future tuberculous
meningitis studies. Thus, although the proposed case
definition requires formal validation in both retrospective
and prospective studies in various settings, its application
should encourage identification in reports of the most
important diagnostic variables and allow more accurate
comparison of the results of different studies.

Clinical criteria

The clinical presentation of tuberculous meningitis is
non-specific, especially in the early stages of disease.
Adults and children typically present with fever, headache,
irritability, neck stiffness, and vomiting.""7"*# These
symptoms do not, however, distinguish tuberculosis
from other forms of meningitis.*** Systemic symptoms
of M tuberculosis infection, such as lethargy, cough,
weight loss (or poor weight gain in children), and night
sweats might be suggestive of tuberculosis, but are also
non-specific.'*”" Unfortunately, many patients present
with advanced disease and neurological signs, such as
convulsions, an abnormal mental state, cranial nerve
palsies, or limb paresis."*”"" Although patients with HIV
are more likely to present with disseminated tuberculosis
than patients without HIV,>? and might have clinical
features suggestive of HIV/AIDS,™” HIV infection does
not seem to affect the neurological presentation of
tuberculous meningitis.*™*

Four studies have attempted to define the clinical and
laboratory features that distinguish tuberculous meningitis
from bacterial*®** and other” causes of meningitis. The
diagnostic value of headache to differentiate bacterial
meningitis from tuberculous meningitis showed
discrepant results.”” In one adult study, cranial nerve
palsies were more common in adult patients with
tuberculous meningitis than in those with bacterial
meningitis.” Optic atrophy, extra-pyramidal movements,
and focal deficits were associated with tuberculous
meningitis in one paediatric study,” but optic atrophy is a
late occurrence and abnormal extra-pyramidal movements
are rare. None of these findings have been validated in
patients with HIV, and cryptococcal meningitis shares
similar clinical features.”*

The average duration between symptom onset and
tuberculous meningitis presentation is 5-30 days'**** and
does not differ between patients with and without HIV.>*
Symptom duration of more than 4 days,® 5 days,*” or
6 days®has been used to discriminate between tuberculous
meningitis and bacterial meningitis in HIV-seronegative
adults and paediatric patients, but cannot differentiate
tuberculous meningitis from cryptococcal meningitis,
which also presents as subacute meningitis.**

A history of recent close contact with a person with
infectious tuberculosis (within the past 12 months) is an
important clue to the diagnosis of tuberculous meningitis
in children, affecting more than 50%."*## A positive
tuberculin skin test also indicates probable M tuberculosis
infection. However, the sensitivity of the tuberculin skin
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test is variable; reported sensitivities range from 17% to
32% in mixed adult and paediatric populations®’and 30%
to 77% in children."™*# In infants, the sensitivity can be
as high as 86%,* but specificity would be reduced in
settings with universal BCG vaccination because of cross-
reacting immune responses, which tend to wane with
time. An HIV infection in patients with tuberculosis® or
tuberculous meningitis“® reduces the likelihood of
positive tuberculin skin test results. Additionally, a
positive tuberculin skin test does not differentiate
M tuberculosis infection (which is a common event in
tuberculosis endemic areas) from active disease.”

Peripheral blood interferon-gamma release assays are
useful in the diagnosis of tuberculosis infection.™
Generally, these tests have higher specificity than do
tuberculin skin tests,” although sensitivities vary and
interferon-gamma release assays do not make the crucial
distinction between M tuberculosis infection and active
disease. There is little data on the efficiency of the assays
in severe disease such as tuberculous meningitis, and
their role in the diagnosis of children or patients with
HIV has not been established. In immunocompromised
adults with extrapulmonary tuberculosis these assays
have a sensitivity of 88% (95% CI 68-97%) and a
specificity of 71% (51-86%),* and in adult patients with
tuberculous meningitis they have a sensitivity of 69%
(51-83%) and a specificity of 57% (42-70%).”* However,
further studies are needed to validate these findings. The
rate of false negatives in patients with HIV with active
tuberculosis increases as the CD4 cell count declines,*
which is of particular importance in such patients with
tuberculous meningitis, many of whom present with
profound immunosuppression. A systematic review
of commercially available antibody detection tests
concluded that such tests have no role in the diagnosis
of extrapulmonary tuberculosis.”

Response to tuberculosis treatment is generally included
in classification systems®*** but is an unreliable diagnostic
aid. In practice, many patients presenting with clinical
features of meningitis receive antimicrobial treatment for
both tuberculous meningitis and bacterial meningitis.
Improvement of the patient’s health after treatment will
also not distinguish tuberculous meningitis from viral
meningitis, which wusually resolves spontaneously.
Conversely, no response to treatment does not preclude
the diagnosis of tuberculous meningitis; patients with
multidrug-resistant tuberculous meningitis show little or
no clinical improvement with standard tuberculosis
treatment and their prognosis is poor.®*® Furthermore, at
least 10% of patients with tuberculous meningitis have
paradoxical deterioration after treatment initiation.”* For
these reasons, we have not included response to treatment
in the consensus case definition.

In summary, all patients with features suggestive of
meningitis (one or more of the following: headache,
irritability, vomiting, fever, neck stiffness, convulsions,
focal neurological deficits, or altered consciousness) and

Panel 2: Consensus tuberculous meningitis diagnosis

Clinical entry criteria

+ Symptoms and signs of meningitis including one or more of the following: headache,
irritability, vomiting, fever, neck stiffness, convulsions, focal neurological deficits,
altered consciousness, or lethargy.

Tuberculous meningitis classification
Definite tuberculous meningitis
+ Patients should fulfill criterion A or B:

A) Clinical entry criteria plus one or more of the following: acid-fast bacilli seen in the
CSF; Mycobacterium tuberculosis cultured from the CSF; or a CSF positive
commercial nucleic acid amplification test.

B) Acid-fast bacilli seen in the context of histological changes consistent with
tuberculosis in the brain or spinal cord with suggestive symptoms or signs and CSF
changes, or visible meningitis (on autopsy).

Probable tuberculous meningitis

+ Clinical entry criteria plus a total diagnostic score of 10 or more points (when cerebral
imaging is not available) or 12 or more points (when cerebral imaging is available)
plus exclusion of alternative diagnoses. At least 2 points should either come from CSF
or cerebral imaging criteria.

Possible tuberculous meningitis

+ Clinical entry criteria plus a total diagnostic score of 6-9 points (when cerebral
imaging is not available) or 6-11 points (when cerebral imaging is available) plus
exclusion of alternative diagnoses. Possible tuberculosis cannot be diagnosed or
excluded without doing a lumbar puncture or cerebral imaging.

Not tuberculous meningitis
+ Alternative diagnosis established, without a definitive diagnosis of tuberculous
meningitis or other convincing signs of dual disease.

CSF=cerebrospinal fluid.

without a definite tuberculous meningitis diagnosis,
should, according to our consensus case definition, be
classified as probable, possible, or not tuberculous
meningitis, depending on their total diagnostic score.
Duration of neurological symptoms for more than 5 days
is the most informative clinical criterion. A miliary picture
on chest radiograph, the presence of lethargy, or other
subtle signs in high-risk children (ie, children less than
3 years of age with documented M tuberculosis exposure)
might also justify CSF examination or imaging studies.
The score required for classification as probable
tuberculous meningitis will vary according to the
availability of cerebral imaging (=12 when imaging is
available or 210 when imaging is not available) to encourage
a uniform approach and ensure diagnosis with the highest
possible certainty, irrespective of the resources available.

CSF criteria
Routine analysis of CSF in most patients with tuberculous
meningitis shows clear appearance, pleocytosis

(range=5-1000 cells per pL; median=50—450 cells per pL)
with a lymphocyte predominance, a raised protein
concentration (0-5-3 g/L), and a low glucose
concentration (absolute value <2-2 mmol/L and a CSF to
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Diagnostic score

Clinical criteria

Symptom duration of more than 5 days
night sweats, or persistent cough for more than 2 weeks

(only in children <10 years of age)
Focal neurological deficit (excluding cranial nerve palsies)
Cranial nerve palsy
Altered consciousness
CSF criteria
Clear appearance
Cells: 10-500 per pl
Lymphocytic predominance (>50%)

Protein concentration greaterthan 1g/L

Cerebral imaging criteria
Hydrocephalus
Basal meningeal enhancement
Tuberculoma
Infarct
Pre-contrast basal hyperdensity

Evidence of tuberculosis elsewhere

CT/ MRI/ ultrasound evidence for tuberculosis outside the CNS

blood culture
Positive commercial M tuberculosis NAAT from extra-neural specimen

Exclusion of alternative diagnoses

on cerebral imaging)and malignancy (eg, lymphoma)

Systemic symptoms suggestive of tuberculosis (one or more of the following): weight loss (or poor weight gain in children), 2

History of recent (within past year) close contact with an individual with pulmonary tuberculosis or a positive TST or IGRA 2

CSF to plasma glucose ratio of less than 50% or an absolute CSF glucose concentration less than 2-2mmol/L

Chest radiograph suggestive of active tuberculosis: signs of tuberculosis=2; miliary tuberculosis=4

AFB identified or Mycobacterium tuberculosis cultured from another source—ie, sputum, lymph node, gastric washing, urine, 4

An alternative diagnosis must be confirmed microbiologically (by stain, culture, or NAAT when appropriate), serologically
(eg, syphilis), or histopathologically (eg, lymphoma). The list of alternative diagnoses that should be considered, dependent
upon age, immune status, and geographical region, include: pyogenic bacterial meningitis, cryptococcal meningitis, syphilitic
meningitis, viral meningo-encephalitis, cerebral malaria, parasitic or eosinophilic meningitis (Angiostrongylus cantonesis,
Gnathostoma spinigerum, toxocariasis, cysticercosis), cerebral toxoplasmosis and bacterial brain abscess (space-occupying lesion

TST=tuberculin skin test. IGRA=interferon-gamma release assay. NAAT=nucleic acid amplification test. AFB=acid-fast bacilli. The individual points for each criterion (one,
two, or four points) were determined by consensus and by considering their quantified diagnostic value as defined in studies.

(Maximum category score=6)
4

1
1
1

(Maximum category score=4)

R oR R R R

(Maximum category score=6)

N R NN R

(Maximum category score=4)
2/4
2

Table: Diagnostic criteria for classification of definite, probable, possible, and not tuberculous meningitis

plasma ratio <50% [median=~27%])."***"*% Although
lower CSF protein concentrations™ and white cell
counts®*¢ have been described in patients with HIV,
most studies show similar findings compared to patients
without HIV.2#6¢ Atypical CSF findings have been
described in both groups, including normal CSF glucose,
protein, cell count, or a neutrophil predominance. 766
Rare cases of culture-proven tuberculous meningitis with
no other CSF abnormalities have also been reported.’
CSF findings that favour the diagnosis of tuberculosis
over bacterial meningitis include clear appearance,’ a
white-cell count less than or equal to 900-1000/pL,*** a
neutrophil content less than 30-75%,**** and a protein
concentration greater than 1 g/L.° These studies did not,
however, include patients with HIV and cryptococcal
meningitis, many of whom have similar CSF findings.®
Although  CSF  adenosine  deaminase  activity

determination can be of benefit as a rule-in or rule-out
test when values of less than 4 U/L and greater than 8 U/L
are used, it cannot discriminate between tuberculous
meningitis and bacterial meningitis.* False-positive
results can also be found in patients infected with
HIV who have other HIV-associated neurological
diseases, such as cryptococcal meningitis, lymphomatous
meningitis, and cytomegalovirus disease.”

The specificity of tuberculous meningitis diagnosis can
be increased by molecular diagnostic tests. A systematic
review and meta-analysis of commercial nucleic acid
amplification tests for the diagnosis of tuberculous
meningitis showed a combined average sensitivity of 56%
and specificity of 98%.* Because of its high specificity, a
positive commercial nucleic acid amplification test is
regarded as a definitive test in patients with suspected
tuberculous meningitis, and offers particular value in
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patients who have previously received tuberculosis
treatment.”* Detection of M tuberculosis antigens**” and
antibodies®™in CSF, and CSF interferon-gamma release
assays®*”' might be useful, but these results require
verification in large studies from various settings.

In the consensus case definition, a maximum score of
four points is assigned to CSF criteria that include: a
clear CSF appearance; a leucocyte count of 10-500 cells
per pL; a lymphocyte predominance (>50%); a protein
concentration greater than 1 g/L; and a CSF to plasma
glucose ratio of less than 50% or an absolute CSF
glucose concentration of less than 2.2 mmol/L. A
commercial M tuberculosis nucleic acid amplification
test is regarded as a definitive diagnostic test for
tuberculosis. At present, insufficient evidence exists for

Figure 2: Cerebral imaging abnormalities observed in tuberculous meningitis

Non-contrast CT scan showing hyperdense material occupying the suprasellar and middle cerebral artery cisterns
and hydrocephalus with periventricular lucency (A). Post-contrast CT scan showing basal meningeal enhancement
and multiple right-sided suprasellar rim-enhancing lesions (B). MRI flair sequence showing bilateral basal ganglia

the inclusion of CSF antibody or interferon-gamma
release assay tests.

Cerebral imaging criteria

The contribution of cerebral imaging to the diagnosis of
tuberculous meningitis is well established, although its
performance is not essential to establish a diagnosis of
definite or probable disease. Abnormalities are most
frequently detected in patients with severe disease.” On
CT, hydrocephalus and basal meningeal enhancement
are the most common radiological features of tuberculous
meningitis. About80% of children have hydrocephalus*”*7*
and 75% basal meningeal enhancement;"*” whereas
about45% ofadolescentsandadultshavehydrocephalus’”
and 8-34% basal meningeal enhancement.”*” Infarcts
(8—44% of cases)”**7and tuberculoma (8-31%)"7%77
are also seen in many cases (figure 2). Andronikou”™
recorded the presence of a pre-contrast hyperdensity in
the basal cisterns to be 100% specific of tuberculous
meningitis in children, but this finding has not been
validated in other studies. The combination of basal
meningeal enhancement, infarcts, and hydrocephalus
also had 100% specificity; basal meningeal enhancement
was the most sensitive feature (89%). Kumar™ reported
similar results. MRI has higher sensitivity than CT for
the detection of abnormalities such as meningeal
enhancement, infarcts, and tuberculomas,”” especially
of lesions involving the brainstem. Thwaites” reported
MRI findings in adult patients with tuberculous
meningitis; 82% had basal meningeal enhancement and
hydrocephalus was seen in 77% of cases. In the same
study, tuberculoma developed in 74% of patients during
treatment, most of which were asymptomatic. Children"#
and adults"”® with tuberculous meningitis and HIV
show less hydrocephalus™* and basal meningeal
enhancement,"™ and a higher frequency of infarcts,”
gyral enhancement,* and mass lesions compared with
patients who do not have HIV.® Patients with HIV and
tuberculous meningitis are also more likely to have
cerebral atrophy,™*which can be difficult to distinguish
from communicating hydrocephalus. However, these
findings are not consistent and some authors recorded

infarcts (C). Adapted from Reference 76 with permisson from Springer.

no difference on imaging between the adults with and
without HIV.* Alternative causes of meningitis, such as
cryptococcal meningitis, cytomegalovirus encephalitis,
toxoplasmosis, sarcoidosis, meningeal metastases, and
lymphoma, which are more common in patients with
HIV, can result in similar radiological findings.®

The consensus case definition recommends that, when
possible, CT or MRI brain scans should be done as part
of the assessment for tuberculous meningitis.
Recommended supportive diagnostic criteria include:
hydrocephalus, basal meningeal enhancement, infarcts,
tuberculoma, and pre-contrast basal hyperdensity (on
CT imaging).

Evidence of tuberculosis elsewhere

The presence of tuberculosis outside the CNS increases
the likelihood of tuberculous meningitis. Suggestive chest
radiograph abnormalities are seen in 33-60%"7#%" of
patients. A higher incidence of abnormal chest radiograph
findings," and extrapulmonary tuberculosis” have been
identified in association with HIV infection. Additional
imaging (ie, chest CT scan® and abdominal ultrasound*®)
can be useful to identify involvement of other organs.

Taking samples from sites of infection other than the
CNS, such as lung, lymph node, liver, bone marrow,
urine, ascitic fluid, and gastric fluid, further increases the
chance of a positive diagnosis.” Gastric aspiration or
induced sputum are particularly useful in children; in
one study,” M tuberculosis was isolated in 68% of children
with tuberculous meningitis. Positive M tuberculosis blood
cultures seem very rare, even in immunocompromised
patients with tuberculous meningitis.*

The consensus case definition states that every effort
should be made to identify tuberculosis outside of the
CNS. To do so, and when appropriate, clinicians should
use: radiological features of tuberculosis on chest
radiography, CT, MRI, or ultrasound; isolation of
M tuberculosis from sputum, gastric aspirates, lymph
nodes, ascitic fluid, urine, blood, bone marrow, or any
other clinical specimen.
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Exclusion of alternative diagnosis

The provision of an exhaustive list of possible differential
diagnoses for tuberculous meningitis is beyond the scope
of this article, but alternative conditions with which the
disease is commonly confused, and which should be
actively considered, are listed in the table. The diagnosis
of severely immunocompromised individuals (eg, patients
with HIV/AIDS), in whom more than one infection could
be present, can be difficult. All patients should have a CSF
Gram stain done (preferably with bacterial culture) to
exclude pyogenic bacterial meningitis. In patients with
HIV, India ink microscopy (preferably with cryptococcal
antigen latex agglutination test or fungal culture) should
also be done. Additional alternative diagnostic
investigations that should be considered depending on
age, immune status, and geographical region include
neurosyphilis (venereal disease research laboratory or
rapid plasma reagin assay with or without the fluorescent
treponemal  antibody  absorption  assay, micro-
hemagglutination assay, or Treponema pallidum particle
agglutination assay); viral meningoencephalitis (CSF viral
PCR or culture); cerebral malaria (peripheral blood smears
for malarial parasites); parasitic or eosinophilic meningitis
(CSF serology for Angiostrongylus cantonensis, Gnathostoma
spinigerum, toxocariasis, and cysticercosis); cerebral
toxoplasmosis (cerebral imaging and positive serum
serology for Toxoplasma gondii or histopathology); pyogenic
bacterial brain abscess (cerebralimagingorhistopathology);
and malignancy (cytology or histopathology).

The consensus case definition recommends that an
alternative  diagnosis  should be  confirmed
microbiologically (by stain, culture, or nucleic acid
amplification tests when appropriate), serologically (eg,
syphilis), or histopathologically (eg, lymphoma).

Conclusion

In view of the limitations of available diagnostic
techniques and the wurgent need for comparable
tuberculous meningitis data from various settings, the
consensus clinical case definition presented here,
provides a robust and pragmatic case definition for use
in future clinical research. Despite its limitations, we
believe that ubiquitous application of this case definition,
or at least meticulous reporting of the key variables listed,

Search strategy and selection criteria

We searched PubMed for papers published from Jan 1, 1990,
up to May 4, 2010. Search terms used included
combinations of the following: “tuberculous meningitis”,
“Mycobacterium tuberculosis”, “extra-pulmonary
tuberculosis”, “tuberculosis”, ‘central nervous system”,
“neurotuberculosis”, “diagnosis”, and “diagnostic criteria”.
We also searched the reference lists of articles retrieved.

Relevant papers available in English were reviewed.

will improve methodological rigour, allow comparison of
data, promote scientific communication, and encourage
research collaboration. Strengthening the evidence base
is essential if we are to improve the standard of care, and,
ultimately, the clinical outcome for patients with
tuberculous meningitis.
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Abstract

Background: Mycobacterium tuberculosis is a common, devastating cause of meningitis in HIV-infected persons. Due to
international rollout programs, access to antiretroviral therapy (ART) is increasing globally. Starting patients with HIV-
associated tuberculous meningitis (TBM) on ART during tuberculosis (TB) treatment may increase survival in these patients.
We undertook this study to describe causes of meningitis at a secondary-level hospital in a high HIV/TB co-infection setting
and to determine predictors of mortality in patients with TBM.

Methods: A retrospective review of cerebrospinal fluid findings and clinical records over a six-month period (March 2009-
August 2009). Definite, probable and possible TBM were diagnosed according to published case definitions.

Results: TBM was diagnosed in 120/211 patients (57%) with meningitis. In 106 HIV-infected patients with TBM, six-month
all-cause mortality was lower in those who received antiretroviral therapy (ART) during TB treatment; hazard ratio=0.30
(95% Cl=0.08-0.82). Factors associated with inpatient mortality in HIV-infected patients were 1) low CD4" count at
presentation; adjusted odds ratio (AOR)=1.4 (95% confidence interval [Cl]=1.03-1.96) per 50 cells/uL drop in CD4"
count and, 2) higher British Medical Research Council TBM disease grade (2 or 3 versus 1); AOR=4.8 (95% Cl=1.45-
15.87).

Interpretation: Starting ART prior to or during TB treatment may be associated with lower mortality in patients with HIV-
associated TBM. Advanced HIV and worse stage of TBM disease predict in-hospital mortality in patients presenting with
TBM.
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Introduction Methods

Ethics statement
The ethics committee of the University of Cape Town (UCT)

Meningitis causes significant mortality and morbidity in HIV-
infected persons [1-4]. Tuberculous meningitis (TBM) accounts

for a substantial proportion of cases, particularly in high
tuberculosis (IB) prevalence areas [3]. Globally, access to
antiretroviral therapy (ART) is rapidly increasing due to ART
rollout programs [5]. Starting ART during TB treatment is
associated with reduced mortality in HIV/'TB co-infected patients
[6,7]. However, few studies have reported the influence of ART on
the outcome of patients with HIV-associated TBM [8-10]. In this
study, we report the causes of meningitis at a secondary-level
hospital in a high HIV/TB prevalence setting in the era of
increasing availability of ART. We also describe the presentation
and outcome of patients with TBM and investigate the predictors
of mortality (including ART) in these patients.

@ PLoS ONE | www.plosone.org

approved the study (REC REF 223/2010). As this was a
retrospective folder review, and data were analysed anonymously
outside of the clinical setting, the ethics committee of UCT waived
the requirement for informed consent and informed consent was
not obtained.

Setting and population

We conducted a retrospective study at GI' Jooste Hospital, a
200-bed public sector referral hospital that serves adult patients
from a community of approximately 1.3 million people. This
predominantly low-income, high-density population is at the
epicenter of the TB/HIV pandemic; in some parts of the referral
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area the reported TB case notification rate exceeds 1500 cases per
100 000 people per year and the HIV seroprevalence at antenatal
clinics reaches 30% [11]. All patients accessing public sector care
with suspected meningitis are referred to GF Jooste Hospital for
investigations, including a lumbar puncture (LP). Adult patients
(=18 years) who had a LP performed over a six-month period (1
March 2009-31 August 2009) were identified from laboratory logs
and included in the study.

Procedure

As per standard protocol at the hospital laboratory [3],
cerebrospinal fluid (CSF) samples underwent macroscopic exam-
ination, protein and glucose quantification, cell count, Gram stain,
and bacterial and fungal culture. India ink staining and/or
Crytococcus Latex Antigen Testing (CLAT) were also performed.
If the clinical presentation or initial CSF findings were suggestive
of TBM (as determined by the attending clinician), Ziehl-Neelsen
(ZN) staining of sediment and/or AMycobacterium tuberculosis (M.
tuberculoss) culture was performed. If acid-fast bacilli (AFB) were
cultured from CSF, TB polymerase chain reaction (PCR)
[Genotype MTBDRplus, Hain Lifesciences]) tests were performed
to further identify mycobacteria species, and to determine first-line
drug susceptibility (to rifampicin and isoniazid). In cases where
rifampicin-resistant organisms were identified, additional drug
susceptibility testing was performed by conventional methods.
Syphilis serology (venereal disease research laboratory and/or
Treponema pallidum hemagglutination assay), cytology and viral
PCR examination were performed at attending clinician’s
discretion.

All CSF findings were reviewed. Microbiological diagnoses (i.e.
where CSF analysis identified a specific etiological cause) were
documented. Clinical records of patients with ‘markedly abnor-
mal’ CSF who did not have a microbiological diagnosis were
reviewed. In line with a previous study [3], CSF was considered to
be ‘markedly abnormal’ when one or more of the following were
present: 1) neutrophils >5 cellsx10°/L, 2) lymphocytes>20
cellsx10°/L, 3) protein >1 g/L, and 4) glucose <2.2 mmol/L.
Patients who did not present with symptoms and/or signs of
meningitis such as headache, photophobia, seizure, vomiting,
altered mental state, neck stiffness or focal neurological deficit (e.g.
patients with peripheral neuropathy) and those in whom an
alternative diagnosis was made (e.g. subarachnoid hemorrhage),
were excluded from the analysis. Data recorded for patients with
TBM included medical and treatment history prior to admission,
history of the presenting complaint (s), clinical examination, results
of investigations, inpatient management and admission outcome.
Additional information such as date of starting ART, was obtained
from primary care clinic records. We used hospital medical notes,
the National Health Laboratories Service database and the
clectronic hospital and primary care clinic (IB and ART)
attendance registers to trace patients, in order to determine
outcome (alive, dead or lost to follow-up) six months after LP was
performed.

Patients received standardized TB treatment according to
national treatment guidelines using Directly Observed Therapy
Short-course (DOTS) either at the primary care TB clinic, or
delivered to home by lay health care workers [12]. The duration of
TB treatment (at least six to nine months) depended on the
attending clinician’s discretion. Patients with a new diagnosis of
tuberculosis received isoniazid, rifampin, pyrazinamide, and
ethambutol for two months (dosing schedules detailed in Table
S1). This was followed by rifampicin and isoniazid for at least four
months. The retreatment regimen included rifampicin, isoniazid,
pyrazinamide, ethambutol and intramuscular streptomycin during
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the initial two months of treatment, followed by rifampicin,
isoniazid, pyrazinamide and ethambutol for one month, followed
by rifampicin, isoniazid and ethambutol for at least five months
(dosing schedules detailed in Table S2). At the time of the study,
national guidelines advised ART for all patients with a CD4"
count of less than 200 cells/uL. or World Health Organization
(WHO,) stage 4 disease [13]. First-line ART during this study was
stavudine, lamivudine, and either nevirapine or efavirenz.
Efavirenz was preferred for patients who were receiving
rifampicin-based antituberculosis treatment.

Definitions

Definite TBM was diagnosed when 1) AFB were seen in CSF,
2) AFB or M. tuberculosis was cultured from CSF or 3) M. tuberculosis
was detected by PCR from CSF. Probable and possible TBM were
diagnosed according to modified published case definitions
[10,14]. Probable TBM was diagnosed when: 1) a patient
presented with clinical features of meningitis and 2) suggestive
CSF findings of TBM (total white cell count >5 cellsx10°/L,
protein >0.45 g/L. and glucose <2.2 mmol/L), plus 3) one or
more of the following i) chest radiograph findings consistent with
pulmonary TB, ii) an extra-meningeal specimen positive for AFB,
iii) other evidence of extra-meningeal TB (e.g. abdominal
ultrasound features) or iv) brain computed tomography (CT)
evidence of TBM including one or more of the following: basal
meningeal enhancement, hydrocephalus or infarctions. Possible
TBM was diagnosed when: 1) a patient presented with clinical
features of meningitis and either 2) four or more of the following
were present i) a history of TB ii) a predominance of CSF
lymphocytes (>50%), iii) illness duration of more than five days iv)
CSF glucose <2.2 mmol/L, v) altered consciousness, vi) clear or
yellow GSF with protein>1 g/L, vii) focal neurological signs, or 3)
‘markedly abnormal’ CSF (excluding isolated hypoglycemia) with
evidence of TB elsewhere.

Patients were excluded from the probable and possible TBM
groups if an alternative cause of meningitis was found, or if they
improved with no treatment or alternative treatment in the
absence of TB treatment. Cryptococcal meningitis (CM) was
diagnosed when CSF India ink stain, CLAT or Cryptococcus
negformans culture was positive. Bacterial meningitis was
diagnosed when: 1) bacteria were isolated from CSF or 2) a
patient presented with clinical features of meningitis and i) a CSF
polymorphonuclear cell predominance and showed a good
response to antibacterial treatment in the absence of TB
treatment, or i) a CSF polymorphonuclear cell count >1000
cellsx10°/L, regardless of outcome. Viral meningitis was
diagnosed when a patient presented with clinical meningitis and:
1) a virus was identified from CSF, or 2) a CSF lymphocytic
predominance and had symptom resolution in the absence of
antimicrobial treatment. Loss to follow-up was defined as being
unable to trace a patient six months after LP, using the methods
described above.

Statistical analysis

Univariate analysis was performed to 1) identify significant
differences between patients who did, and did not die during
hospitalization and at six months follow-up and 2) identify
significant differences between patients with definite and those
with probable/possible TBM. Continuous variables were com-
pared using the Student t-test or Mann-Whitney U test, and
categorical variables were compared by Fisher’s exact test.

Variables associated with inpatient mortality (p<<0.2) were
evaluated using multivariate analysis. Stepwise logistic regression
was used to identify variables predictive of inpatient mortality in all
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TBM patients (regardless of HIV status) and subsequently, in
HIV-infected patients only. A Cox proportional hazard model was
used to assess the association of ART started before or during TB
treatment with six-month mortality in HIV-infected patients who
survived hospitalization. The validity of the model’s assumptions
was tested with Schoenfeld residuals.

A p-value<<0.05 was considered statistically significant. Time to
death was summarized by use of Kaplan-Meier estimates. The
statistical analyses were performed with GraphPad Prism version 5
and STATA version 10.1 software.

Results

Causes of ‘markedly abnormal’ CSF

During the study period, 812 LPs were performed in 698
patients. CGSF analysis was ‘markedly abnormal’ (n = 146), and/or
identified a cause of meningitis (n = 107) in 253 patients. Figure 1
shows the reasons for exclusion (n=42) and diagnoses in 211
patients who were diagnosed with meningitis. The most frequent

Tuberculous Meningitis in a HIV Prevalent Setting

microbiological diagnoses were CM, and TBM, which accounted
for 45% (48/107), and 44% (47/107), of cases respectively. Fifty-
seven percent (120/211) of patients with meningitis were
diagnosed with definite (n=47), probable (n=35) or possible
(n=38) TBM.

Findings in patients with TBM

The demographic, clinical and investigative findings for patients
with definite, probable and possible TBM are detailed in Tables 1
and 2. Eighty-eight percent of patients with TBM were HIV-
infected with a median CD4" count of 79 cells/ul. (interquartile
range [IQR]=39-137); 20 (19%) of these patients were receiving
ART at the time of presentation. The majority of TBM cases
(68%) presented with advanced TBM disease (British Medical
Research Council [BMRC] disease grade 2 or 3) [15] 7 days
(median, IQR = 3-15 days) after symptom onset. 26/115 (23%) of
patients for whom this information was available were receiving
TB treatment at time of presentation for a median duration of 106
days (IQR =50-178). Disseminated TB was common; 87/114

‘Markedly abnormal’ CSF (146) and/or
microbiological diagnoses (107) =253

Excluded=42

Insufficient clinical information (4)
Diagnosis other than meningitis (34) !
Bloody tap (4)

h 4

Meningitis= 211

Tuberculous meningitis (TBM)=120
Definite TBM (47)

Probable TBM (35)

Possible TBM (38)

Causes other than TBM=91
Cryptococcal meningitis (48)
Bacterial meningitis (14)2
Viral meningitis (11)3
Syphilitic meningitis (6)
Other (5)*

Uncertain cause (7)5

Figure 1. Flow diagram of differential diagnoses in patients with ‘markedly abnormal’ CSF and/or microbiological-confirmed
meningitis. ' Common alternative diagnoses include: hypoglycemia (n=9), intracranial bleed (n=7) and peripheral nerve disorders (n=6).
2 Including 5 patients with CSF culture-confirmed bacterial meningitis. Organisms isolated include: Streptococcus pneumonia (n = 3), beta-hemolytic
Streptococcus (n= 1), Neisseria meningitides (n=1). > Including 1 patient with positive CSF polymerase chain reaction for both cytomegalovirus and
herpes simplex-1 virus.  Other causes of meningitis include: Acute HIV infection (n= 1), Toxoplasma gondii meningoencephalitis (n = 1), disseminated
Burkitt's lymphoma (n = 1), disseminated large B-cell ymphoma (n= 1), chronic resolving TBM immune reconstitution inflammatory syndrome (n=1).
% Including patients with the following differential diagnoses: 1) TBM with tuberculoma or toxoplasmosis (n=1); 2) partially treated bacterial
meningitis, viral meningitis or TBM (n=3); and 3) viral meningitis or TBM (n = 3). CSF, cerebrospinal fluid.

doi:10.1371/journal.pone.0020077.g001
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Table 1. Demographic and clinical characteristics of patients with definite, probable and possible tuberculous meningitis (TBM).

Definite TBM (n=47)

Probable TBM (n=35) Possible TBM (n=38)

Age, median (IQR) 35
Female, n/N (%) 22/47
HIV status, n/N (%)

Infected 43/47

Uninfected 2/47

Unknown 2/47
CD4" cell count, median (IQR)" 63
On ART at presentation, n/N (%)> 9/41
Previous TB, n/N (%) 15/43
On TB treatment at time of LP, n/N (%) 9/43
Symptom onset to LP, median (IQR) 7

Neurological symptoms, n/N (%)

Headache 26/42
Confusion® 23/42
Neck pain/stiffness® 12/42
Nausea/vomiting 15/42
Photophobia/blurred vision/diplopia 11/42
Seizures 7/42

Neurological signs, n/N (%)
BMRC TBM Disease Grade*

1 10/42
2 29/42
3 3/42
Confusion® 29/42
Neck stiffness® 31/42
Focal neurological signs 9/42

(28-42) 36 (29-51) 38 (28-42)
(47) 16/35 (46) 22/38 (58)
91) 27/35 (77) 36/38 (95)
(4) 5/35 (14) 1/38 (3)

(4) 3/35 9) 1/38 (3)
(35-115) 79 (36-150) 109 (33-201)
(22) 6/27 (22) 5/35 (14)
(35) 7/34 (21) 12/38 (32)
(21) 8/34 (24) 9/38 (24)
(4-15) 6 (3-21) 3 (2-11)
(62) 18/34 (53) 17/38 (45)
(55) 21/34 (62) 17/38 (45)
(29) 8/34 (24) 5/38 (13)
(36) 11/34 (32) 12/38 (32)
(26) 8/34 (24) 6/38 (16)
17) 2/34 (6) 6/38 (16)
(24) 7/34 (21) 16/38 (42)
(69) 23/34 (68) 20/38 (53)
(7) 4/34 (12) 2/38 (5)
(69) 22/34 (65) 23/38 (61)
(74) 23/34 (68) 19/38 (50)*
(21) 17/34 (50)* 2/38 (5)%*

*Significantly different (p<<0.05) from patients with definite TBM;
**p<0.01.
'Only performed in HIV-infected patients.

5) AZT, 3TC, LPV/rtv (n=1), 6) AZT, ddI, LPV/rtv (n=1).
3Refers to symptoms reported by patient or family only.

with focal neurological deficit; 3- GCS=10."®
®Refers to clinical findings on physical examination only.
doi:10.1371/journal.pone.0020077.t001

(76%) of patients presented with features of extra-meningeal TB.
Chest radiograph abnormalities consistent with TB were observed
in 74% (76/103) of patients. Abdominal ultrasound was performed
in 27 patients, of which 25 (93%) showed features of TB. In
addition, AFB were seen on microscopy, or M. tuberculosis was
cultured, from one or more extra-meningeal specimens from 26
patients; specimens included sputum (n=21), lymph node fine
needle aspiration biopsy (n = 6), pleural fluid (n = 1), blood (n=15)
and urine (n=3).

Atypical CSF findings in patients with definite TBM (n=47)
included a polymorphonuclear cell predominance (>50% of total
leucocyte count) in six (13%), a glucose level of more than
2.2 mmol/L in 13 (28%), a protein concentration of less or equal
to 0.45 g/L in three (6%) and a total leucocyte count of five or less
cellsx10°/L in two (4%). No patient with definite TBM had
completely normal CSF (both biochemistry and cell count). ZN

f@éﬂ PLoS ONE | www.plosone.org

IQR, interquartile range; n, number of patients; N, total number of patients for whom results were available; HIV, human immunodeficiency virus; ART, antiretroviral
therapy; TB, tuberculosis; LP, lumbar puncture; D4T, stavudine 30 mg twice daily; 3TC, lamivudine 150 mg twice daily or 300 mg daily; EFV, efavirenz 600 mg nightly;
AZT, zidovudine 300 mg twice daily; NEV, nevirapine 200 mg twice daily; ddI, didanosine 400 mg daily; LPV/rtv, lopinavir/ritonavir 800/200 mg twice daily.

2N includes HIV-infected patients only. Treatment regimens included: 1) D4T, 3TC, EFV (n=11), 2) AZT, 3TC, NEV (n=3), 3) D4T, 3TC, NEV (n=3), 4) AZT, 3TC, EFV (n=1),

“British Medical Research Council TBM disease grades: 1- Glasgow coma scale (GCS) 15 with no neurological deficit; 2- GCS 11-14 without neurological deficit, or GCS 15

staining was requested for CSF specimens from 88 patients,
including 47 (100%) definite TBM, 24 (69%) probable TBM and
25 (66%) possible TBM cases. 76/88 of these specimens (86%)
were insufficient for TB microscopy. Of the 12 TBM cases who
had CSF direct smear examination performed, AFB were
visualized in one. Cerebrospinal fluid M. tuberculosis culture was
requested for 106 patients including 47 [100%] definite TBM, 31
[89%] probable TBM, and 28 [74%] possible TBM cases.
Significantly less patients with probable and possible TBM had
M. tuberculosis culture performed, compared to those with definite
TBM, who by definition required a positive culture (p =0.02, and
p=0.0009, respectively). Drug susceptibility testing for first-line
TB drugs (rifampicin and isoniazid) was performed on 40/47
(85%) of isolates; 35 were susceptible to rifampicin and isoniazid,
three were resistant to isoniazid, one was resistant to rifampicin,
and one was resistant to both rifampicin and isoniazid (multidrug-
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Table 2. Laboratory and radiological investigation findings of patients with definite, probable and possible tuberculous meningitis

Definite TBM (n=47)

Probable TBM (n=35) Possible TBM (n=38)

Blood results, median (IQR)

Hemoglobin (g/dL) 10.5
White cell count (cells x10%/L) 5.9
Sodium (mmol/L) 126
Cerebrospinal fluid results, median, (IQR)

Protein (g/L) 26
Glucose (mmol/L) 1.6
Lymphocytes (cells x10°/L) 77
Polymorphonuclear cells (cells x10°/L) 7
Features of TB elsewhere, n/N (%) 35/42
Chest radiograph abnormalities 34/38
Abdominal ultrasound abnormalities’ 6/6
Extra-meningeal AFB on microscopy/M.tb cultured 9/47
CT brain abnormalities,

(excluding cerebral atrophy), n/N (%)" 11/16
Hydrocephalus 4/16
Meningeal enhancement 3/16
Infarct 5/16

(9.1-13) 12 (10.7-13.2)* 10 (8-11.4)
(4.3-8.5) 56 (4.5-7.7) 7.7 (5.4-10)
(123-130) 129 (127-133)* 130 (126-135)*
(1.6-4.8) 24 (1.3-5.2) 12 (0.8-1.9)**
(0.9-2.4) 19 (1.3-2.8) 2.7 (2.1-3.2)**
(23-199) 59 (23-143) 12 (0-31)**
(0-39) 12 (0-12) 0 (0-3)**

(83) 21/34 (62)* 31/38 (82)

(89) 18/27 (67)* 24/38 (63)

(100) 1/1 (100) 8/10 (80)

(19) 5/35 (14) 12/38 (32)

(69) 21/23 (91)? 4/5 (80)°

(25) 6/23 (26) 0/5 (0)

(19) 9/23 (39) 0/5 (0)

(31) 12/23 (52) 1/5 (20)

tuberculosis; CT, computed tomography.

*Significantly different (p<<0.05) from patients with definite TBM,
**p<0.01.

"N includes total number of patients who underwent procedure.

doi:10.1371/journal.pone.0020077.t002

resistant [MDR] organisms). The latter two patients both died
during hospitalization after starting regimen 2 TB treatment (prior
to the availability of M. tuberculosis drug susceptibility testing
results). In two additional patients MDR M. tuberculosis strains were
cultured from extra-meningeal specimens prior to admission. One
of these patients presented on a MDR TB drug regimen (i.e.
ethambutol, pyrazinamide, ethionamide, ofloxacin and kanamy-
cin) and was alive at 6-months follow-up. The M. tuberculosis drug
resistance profile was unknown for the other patient at TBM
presentation; the patient died during hospitalization after starting
regimen 2 TB treatment.

Table 3 describes the management and outcome in patients
with TBM. Five of 89 patients not receiving TB treatment at the
time of presentation, failed to initiate TB treatment after LP; all
five subsequently died. In one patient with definite TBM who did
not commence TB treatment, the diagnosis was not considered
initially as routine CSF investigations was mildly abnormal (only
abnormality: lymphocyte count=6x10°/L) and there were no
features of extra-pulmonary TB on chest radiograph. The
remaining four patients (2-probable TBM, 2-possible TBM) died
shortly after admission (within 24 hours), prior to TB drug
initiation. The exact time of TB treatment initiation at
presentation was known for 82/84 remaining patients: 11 patients
started TB treatment 1-4 days prior to LP, but after symptom
onset; 63 patients started TB treatment within 24 hours of LP; and
8 patients started T'B treatment more than 24 hours after LP at a
median time of three days (range, 2-8 days). Adjunctive
corticosteroid treatment was started in 64/113 (57%) of patients
during admission; significantly more patients with definite TBM

@ PLoS ONE | www.plosone.org

IQR, interquartile range; n, number of patients; N, total number of patients for whom results were available; TB, tuberculosis; AFB, acid-fast bacilli; M.tb, Mycobacterium

2significantly more patients with probable TBM had CT brain performed compared to patients with definite TBM, p =0.007.
3significantly less patients with possible TBM had CT brain performed compared to patients with definite TBM, p =0.04.

received corticosteroids compared to those with possible TBM
(71% versus 32%, p=0.0007). The proportion of patients with
probable TBM who received corticosteroids (70%) was similar to
that of the definite TBM group. No patient received any other
adjunctive therapy e.g. acetazolamide, or surgery. Overall
inpatient mortality during hospitalization was 38% (45/120
patients), four days (median, IQR: 3-9 days) after LP (Figure 2).
Among those discharged from hospital, 57% (31/54 patients) of
HIV-infected patients (not on ART at time of presentation)
initiated ART during six months of TB treatment. ART regimens
for these patients are detailed in tables 1 and 3. At six-month
follow-up, 48% of all TBM patients had died and 10% were lost to
follow-up. Baseline characteristics did not differ significantly
between patients who were retained in care and those who were
lost to follow-up (data not shown). However, there was a trend to
higher CD4+ counts in HIV-infected patients lost to follow-up
compared to those who were not (median [IQR], 164 [71-250]
cells/uL compared to 68 [35-144] cells/uL, p = 0.06).

Table 4 shows factors analyzed for association with inpatient
mortality for all patients [n=120] in univariate analysis. A higher
BMRC TBM disease grade (2 or 3 versus 1: AOR [95% CI] =3.0
[1.08-8.40], p=0.04) remained predictive of mortality in
multivariate analysis (logistic regression model p=0.007,
R?=0.12). Table 5 shows factors analyzed for association with
inpatient mortality for HIV-infected patients [n = 106] only. CD4"
count (for every 50 cells/uL, drop in CD4" count: AOR [95%
confidence interval [CI]] = 1.4 [1.03-1.96], p=0.03) and a higher
BMRC TBM disease grade (2 or 3 versus 1: AOR [95% CI]=
4.8 [1.45-15.87], p=0.01) remained predictive of mortality
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Table 3. Management and outcome of patients with definite, probable and possible tuberculous meningitis (n=120).

TB treatment

On treatment at time of presentation, n/N (%) 26/115 (23)
Treatment started, n/N (%)" 84/89 (94)
Duration between symptom onset and starting treatment in days, median (IQR) 7 (3-13)
Corticosteroids started, n/N (%) ** 64/113 (57)
ART

Treatment started =6 months after starting TB treatment, n/N (%)? 31/54 (57)
Duration between diagnostic LP and starting ART in days, median (IQR) 42 (17-81)
Outcome®

Inpatient mortality, n (%) 45 (38)
Duration from LP to death in days*, median (IQR) 4 (3-9)
Six months, n (%)

Alive 50 (42)
Dead 58 (48)
Lost to follow-up 12 (10)
Nine months, n (%)

Alive 47 (39)
Dead 59 (49)
Lost to follow-up 14 (12)

TB, tuberculosis; n, number of patients; N, number of patients for whom results were available; IQR, interquartile range; LP, lumbar puncture; ART, antiretroviral therapy;
TBM, tuberculous meningitis; D4T, stavudine 30 mg twice daily; 3TC, lamivudine 150 mg twice daily or 300 mg daily; EFV, efavirenz 600 mg nightly; AZT, zidovudine
300 mg twice daily; tenofovir 300 mg daily.

**Significantly more patients with definite TBM (71%) received corticosteroid treatment compared to patients with possible TBM (32%, p<<0.01).

"N includes patients not on TB treatment at presentation.

2N includes HIV-infected patients not on ART at presentation who survived admission. Treatment regimens included: 1) D4T, 3TC, EFV (n=14) 2) AZT, 3TC, EFV (n=7) 3)
3TC, TDF, EFV (n=3). Treatment regimes were not known for 7 patients.

30utcomes reported for all patients (n=120) with TBM.

“Only including patients who died during hospitalization.

doi:10.1371/journal.pone.0020077.t003

0.94

0.8 1

0.71

0.6+

0.5

0.4+

Survival Probability

0.34

0.2 ———— Definite TBM
Probable TBM
0.14 ———— Possible TBM

0.0+

T T T T

T T T T T T
0 30 60 90 120 150 180 210 240 270
Time since lumbar puncture (days)
Figure 2. Kaplan-Meier survival curves of patients with definite, probable and possible tuberculous meningitis (TBM). Survival
probability at 6-months was similar between patients with definite TBM and those with probable TBM (log-rank test p =0.69), and possible TBM (log-

rank test p=0.15).
doi:10.1371/journal.pone.0020077.g002
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Table 4. Univariate analysis of variables associated with inpatient mortality in all patients with definite, probable and possible
tuberculous meningitis (n=120).

Died (n=45) Survived (n=75) P-value OR' (95% CI)
Age, median years (IQR) (N=120) 37 (28-41) 35 (28-44) 0.97 - -
Female, n (%) (N=120) 24 (55) 36 (48) 0.71 1.2 (0.59-2.60)
History of previous TB, n (%) (N=115) 13 (30) 21 (29) 1.00 1.1 (0.46-2.40)
On TB treatment at time of LP, n (%) (N=115) 9 (21) 18 (25) 0.66 0.79 (0.32-1.97)
HiV-infected, N (%) (N=114) 39 (98) 67 91 0.26 4.1 (0.48-34.38)
BMRC TBM disease grade 2 or 3, n (%)(N=114) 36 (84) 45 (63) 0.03* 3.0 (1.16-7.63)
Definite TBM, n (%) (N =120) 18 (40) 29 (39) 1.00 il (0.50-2.25)
WCC, median cells x10%/L (IQR) 6.2 (4.5-8.9) 6.0 (4.6-9) 0.83 - -
Hemoglobin, median g/dL (IQR) 10.3 (8.8-12.3) 11 (9.6-12.8) 0.16 - -
Serum sodium, median mmol/L (IQR) 127 (124-133) 129 (125-134) 0.48 - -
CSF polymorphs, median cellsx10° (IQR) 0 (0-14) 0 (0-14) 0.61 - -
CSF lymphocytes, median cells x10° (IQR) 39 (8-144) 46 (16-125) 0.78 - -
CSF protein, median g/L (IQR) 2.28 (1.51-4.87) 1.76 (1.05-3.08) 0.11 = =
CSF glucose, median mmol/L (IQR) 1.8 (1-2.8) 2.2 (1.5-2.9) 0.19 - -
Symptoms to TB treatment, median days (IQR) 7 (2-12) 6 (4-14) 0.37 - -
Corticosteroids started, n (%)(N=113) 21 (50) 43 61) 0.33 0.7 (0.30-1.41)
n, number of patients; N, total number of patients for whom analysis was performed; IQR, interquartile range; TB, tuberculosis; LP, lumbar puncture; BMRC, British
Medical Research Council; WCC, total blood white cell count ; CSF, cerebrospinal fluid.
p-value statistically significant (<0.05).
10dds ratios (OR) and 95% confidence intervals (95%Cl) reported for categorical variables.
doi:10.1371/journal.pone.0020077.t004

Table 5. Univariate analysis of variables associated with inpatient mortality in HIV-infected patients with definite, probable and
possible tuberculous meningitis (n=106).

Died (n=39) Survived (n=67) P-value OR' (95% ClI)
Age, median years (IQR) (N=106) 37 (28-41) 34 (28-44) 0.88 - -
Female, n (%) (N=106) 19 (49) 38 (57) 0.54 0.7 (0.33-1.60)
History of previous TB, n (%) (N=102) 13 (35) 19 (29) 0.66 13 (0.55-3.10)
On TB treatment at time of LP, n (%)(N=101) 9 (24) 17 27) 1.00 0.88 (0.35-2.26)
On ART at time of LP, n (% of HIV-infected) (N=103) 8 (22) 12 (18) 0.80 1.2 (0.46-3.38)
CD4 at presentation, median cells/uL (IQR) 54 (23-143) 109 (40-170) 0.03* - -
BMRC TBM disease grade 2 or 3, n (%) (N=100) 30 (81) 39 (62) 0.07 2.64 (1.002-6.94)
Definite TBM, n (%) (N=106) 16 (41) 27 (40) 1.00 1.03 (0.46-2.30)
WCC, median cellsx10%/L (IQR) 6.2 (4.4-8.9) 5.6 (4.4-8.9) 0.60 - -
Hemoglobin, median g/dL (IQR) 9.9 (8.5-11.5) 109 (9.4-12.6) 0.09 - -
Serum sodium, median mmol/L (IQR) 127 (124-134) 129 (125-134) 0.96 - -
CSF polymorphs, median cellsx10° (IQR) 0 (0-16) 0 (0-12) 0.92 - -
CSF lymphocytes, median cells x10° (IQR) 42 (7-135) 46 (10-130) 0.80 - -
CSF protein, median g/L (IQR) 2.01 (1.26-3.00) 1.72 (1.04-3.09) 0.48 - -
CSF glucose, median mmol/L (IQR) 1.93 (0.9-2.8) 2.2 (1.6-2.9) 0.22 - -
Symptoms to TB treatment, median days (IQR) 7 (2-14) 6 (4-14) 0.40 - -
Corticosteroids started, n (%)(N=99) 19 (53) 36 (57) 0.68 0.84 (0.36-1.91)
n, number of patients; N, total number of patients for whom analysis was performed; IQR, interquartile range; TB, tuberculosis; LP, lumbar puncture; ART, antiretroviral
therapy; BMRC, British Medical Research Council; CD4, CD4" cell count; WCC, total blood white cell count ; CSF, cerebrospinal fluid.
*p-value statistically significant (<0.05).
'0dds ratios (OR) and 95% confidence intervals (95%Cl) reported for categorical variables.
doi:10.1371/journal.pone.0020077.t005
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in multivariate analysis (logistic regression model p=0.01, R*=
0.14).

Analysis of factors associated with six-month mortality is
reported only for HIV-infected hospital survivors for whom
outcome was known at six-months follow-up (n=>56, Table 6).
Being either on ART at presentation, or having started ART
during TB treatment, was negatively associated with six-month
mortality (OR=0.2, 95% CI=0.05-0.81, p=0.03). This associ-
ation was confirmed in a Cox proportional hazard model (n = 66),
which included 10 HIV-infected patients who were lost to follow-
up after discharge (Figure 3, hazard ratio = 0.30, 95% CI=0.08-
0.82, p=0.03). No additional factors were associated with six-
months mortality when all patients (regardless of HIV-status) with
a known outcome at six-month follow-up were included in analysis
(data not shown).

Discussion

Several studies have reported CM as the most frequent cause of
meningitis in HIV-infected patients [1-3,16,17]. In our study,
TBM was the most common cause of meningitis (57 %) when both
microbiological-confirmed cases and cases diagnosed on clinical
grounds were included. An earlier study conducted at our hospital
(2006-2008) reported CM and TBM as the cause of microbio-
logical-confirmed meningitis in 63%, and 28% of cases, respec-
tively [3]. By comparison, we found TBM (44%) and CM (45%) to
account for similar proportions of microbiological-confirmed
cases. This change may reflect increasing ART access in the
referral area (during 2009, 23 449 patients were commenced on
ART in the Western Cape public health sector, compared to

Tuberculous Meningitis in a HIV Prevalent Setting

19 527 patients during 2008 [Catherine White, Western Cape ART
Monitoring and Evaluation Programme-  personal communication]) and
therefore fewer HIV-infected patients reaching the severity of
immunosuppression associated with CM.

A higher BMRC TBM disease grade was predictive of death
during hospitalization when all patients (regardless of HIV status)
were included in the analysis. When the analysis was restricted to
HIV-infected patients only, both a lower CD4" and a higher
BMRC TBM discase grade were associated with death. The
predictive value of worse TBM disease on the mortality of both
HIV-infected [18,19] and uninfected [20,21] patients is well
documented. Two previous studies also found an association
between low CD4" count (less than 50 cells/uL [18] and less than
200 cells/pLL [22]) and inpatient mortality in HIV-infected TBM
patients. However, this finding has not always been reproduced
[19,23]. Other factors previously reported associated with reduced
hospital survival in HIV-associated TBM include disease duration
of more than 14 days [22] and infection with MDR-TB strains
[18]. In our study, prolonged symptom duration was not
associated with inpatient mortality. Due to the low prevalence of
MDR-TB (MDR-TB isolates identified in 3 patients; 1 from CSF
and 2 from extra-meningeal specimens), its influence on mortality
could not be assessed.

In this study, six-month mortality in HIV-infected TBM
patients was significantly lower in patients who received ART
during TB treatment. As most studies in HIV-infected TBM
patients thus far were conducted in patients not receiving ART
[24], few have assessed the influence of ART on outcome. Torok
et al. [10] reported lack of AR'T prior to or during TB treatment to
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Table 6. Univariate analysis of variables associated with six-month mortality in HIV infected patients with definite, probable and
possible tuberculous meningitis (n =56).
Died (n=12) Survived (n=44) P-value OR? (95% ClI)
Age, median years (IQR) (N =56) 36 29-49) 34 (28-44) 0.58 - -
Female, n (%) (N=56) 3 5) 19 (43) 0.33 04 (0.10-1.85)
History of previous TB, n (%) (N =55) 5 2) 13 (30) 0.50 1.6 (0.44-6.17)
On TB treatment at time of LP, n (%) (N=54) 4 3) 11 (26) 0.72 1.4 (0.36-5.62)
On ART at time of LP, n (% of HIV-infected) (N =56) 1 8) 10 (23) 042 0.3 (0.35-2.70)
CD4 at presentation, median cells/uL (IQR) 98 18-160) 104 (46-159) 0.46 - -
BMRC TBM disease grade 2 or 3, n (%)(N = 54) 6 50) 26 (62) 0.52 0.6 (0.17-2.24)
Definite TBM, n (%) (N =56) 3 (25) 20 (45) 0.32 04 (0.10-1.68)
WCC, median cells x10%/L (IQR) 6.8 (4.8-9.4) 5.6 (4.1-9.4) 0.56 = =
Hemoglobin, median g/dL (IQR) 9.7 (8.4-12.2) 10.6 (8.9-12.2) 0.60 - -
Serum sodium, median mmol/L (IQR) 134 (126-135) 128 (123-131) 0.09 = =
CSF polymorphs, median cellsx10° (IQR) 0 (0-22) 2 (0-12) 0.42 - -
CSF lymphocytes, median cellsx10° (IQR) 17 (0-67) 79 (19-172) 0.06 - -
CSF protein, median g/L (IQR) 1.28 (0.80-2.42) 191 (1.08-4.09) 0.12 - -
CSF glucose, median mmol/L (IQR) 2.2 (1.5-2.9) 23 (1.7-3.2) 0.97 - -
Symptoms to TB treatment, median days (IQR) 8 (4-48) 7 (4-17) 0.74 - -
Corticosteroids started, n (%)(N = 54) 5 (42) 25 (60) 033 0.5 (0.13-1.79)
ART started prior to LP/during TB treatment, n (%) (N =56) 5 (42) 34 (77) 0.03* 0.2 (0.05-0.81)
n, number of patients; N, total number of patients for whom analysis was performed; IQR, interquartile range; TB, tuberculosis; LP, lumbar puncture; ART, antiretroviral
therapy; BMRC, British Medical Research Council; CD4, CD4" cell count; WCC, total blood white cell count ; CSF, cerebrospinal fluid.
*p-value statistically significant (<0.05).
"Analysis performed for HIV-infected patients who survived hospitalization for whom outcome was known at 6-month follow-up. One HIV-infected hospital survivor for
whom ART treatment at TBM presentation was unknown excluded from analysis.
20dds ratios (OR) and 95% confidence intervals (95%Cl) reported for categorical variables.
doi:10.1371/journal.pone.0020077.t006
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Figure 3. Cox proportional hazard model survival curves. ART: HIV-infected tuberculous meningitis (TBM) patients either on antiretroviral
therapy (ART) at TBM presentation or started on ART during subsequent 6 months of antituberculosis (TB) treatment (n=43). No ART: HIV-infected
TBM patients not on ART at presentation nor started on ART during subsequent 6 months of TB treatment (n = 23). The model only included patients
who survived hospitalization (n=66). Hazard ratio for patients on ART=0.30 (95% confidence interval 0.08-0.82, p-value =0.03).

doi:10.1371/journal.pone.0020077.g003

be associated with earlier time to death by univariate, but not
multivariate, analysis in adult TBM patients. However, a
subsequent randomised trial conducted at the same site found
no significant difference in nine-month mortality between HIV-
infected TBM patients who started ART before or at two months
of TB treatment (58% mortality), compared to the historical
comparator group most of whom were not exposed to ART (67%
mortality) [9,10]. Croda et al. [8] found a history of ART prior to
TBM presentation to be predictive of death at nine-months follow-
up. The authors postulate that this surprising finding most likely
related to non-compliance to ART.

Contrary to inpatient mortality rates which are generally similar
between HIV-infected and uninfected patients with TBM
[22,23,25,26], six to nine-month outcome is substantially worse in
HIV-infected patients [14,27-29]. HIV-related illnesses (other than
TBM) probably account for a substantial proportion of deaths after
hospital discharge in HIV-infected TBM patients, particularly those
not on ART. As previous studies in HIV-associated TB have shown
a clear survival benefit in patients receiving ART [6,7], it is intuitive
to infer a causal relationship between AR'T and improved survival
in our patient cohort. However, survival-bias might also have
contributed to the association of ART and reduced mortality at six-
month follow-up that we observed: those who survived were able to
initiate ART.

Our study has several important limitations, which may have
resulted in bias. Firstly, due to its retrospective nature, not all
information was available in all cases. Specifically, a substantial
proportion of chest radiographs (14%) were not available for
review. This might have resulted in an underestimate of patients
with probable TBM. The reasons for a substantial proportion of
HIV-infected patients (43% of ART naive patients who survived
admission) failing to start ART after discharge could not be
determined. Patients are not routinely followed-up at our facility
after discharge from hospital; eligible patients are referred to their
local ART clinics to start ART. Alternatively, patients who require
prolonged admission may commence ART during admission to a
step-down facility. Limited access to primary care clinic and step-
down facility clinical records precluded the systematic collection of
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data regarding reasons for failing to start ART, drug toxicities and
interactions, as well as co-morbidities after starting TB treatment
and ART. Also, adherence to ART and the proportion of patients
receiving directly observed TB treatment could not be assessed,
and causes of death were not determined. Although similar to
studies of TB patients previously conducted in our setting [30,31],
the loss to follow-up rate (10%) was not insubstantial. No factors
predictive of loss to follow-up could be confirmed by analysis of
baseline characteristics of these patients compared to those
retained in care. However, a trend to a lower CD4" count was
observed in the latter group. Secondly, as study entry relied on
CSF findings, patients with TBM who died prior to LP, and those
who had a contraindication to LP based on brain C'T, were not
included in the analysis.

Thirdly, HIV itself often results in mild CSF abnormalities [32].
For this reason, we did not include patients with mildly abnormal
CSF if a specific cause of meningitis was not found. However, it is
well documented that a minority of patients with TBM may
present with mildly abnormal, or completely normal CSF,
especially in the context of HIV co-infection [8,22,23,33]. This
group of patients would have been excluded from our study if CSF
TB microscopy and culture were negative. Furthermore, the
decision to perform CSF TB microscopy and culture was not
uniform, being based on the attending clinician’ s discretion.
Significantly less patients with possible and probable TBM
compared to definite TBM had CSF M. tuberculosis culture
performed; this could have resulted in the misclassification of
some patients with definite TBM who might have had AM.
tuberculosis cultured had culture been performed.

Fourthly, CSF findings and neurological signs, most notably
focal neurological deficits (21% definite TBM versus 5% possible
TBM [p<0.01]), differed significantly between patients with
definite and possible TBM. This might reflect the inclusion of
some patients with alternative diagnoses such as viral meningitis as
possible TBM or, alternatively, be indicative of more severe
disease in patients with definite TBM. Patients with possible TBM
were also less likely, whilst those with probable TBM were more
likely, to undergo brain CT compared to patients with definite
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TBM (p=0.04 and p=0.007, respectively). This reflects the
limited resources in our setting: brain imaging in the context of
meningitis is usually prioritized to patients with severe disease or in
whom an intracerebral space occupying lesion is suspected i.e.
those with focal neurological deficits, severe depressed level of
consciousness or seizures. Both the differences in CSF findings and
the differences in the proportions of patients who underwent brain
imaging between the definite and possible TBM groups could have
resulted in bias, resulting in different corticosteroid prescription
practices between the 2 groups (71% definite TBM compared to
32% possible TBM, [p=0.0007]) and possibly differentially
influencing outcomes. In our setting, corticosteroids are prescribed
at the treating clinician’s discretion.

Conclusions

In our setting where most patients with TBM are HIV co-
infected, advanced HIV and worse stage of TBM disease are poor
prognostic factors. Starting ART prior to or during TB treatment
may be associated with lower mortality in TBM patients co-
infected with HIV.
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Central nervous system disorders after starting
antiretroviral therapy in South Africa
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Objective: To describe the spectrum of central nervous system (CNS) disease during the
first year of antiretroviral therapy (ART) and to determine the contribution of neuro-
logical immune reconstitution inflammatory syndrome (IRIS).

Design: A prospective observational cohort study conducted over a 12-month period at
a public sector referral hospital in South Africa.

Methods: HIV-seropositive patients who developed new or recurrent neurological or
psychiatric symptom(s) or sign(s) within the first year of starting ART were enrolled. We
used the number of patients starting ART in the referral area in the preceding year as the
denominator to calculate the incidence of referral for neurological deterioration.
Patients with delirium and peripheral neuropathy were excluded. Outcome at 6 months
was recorded.

Results: Seventy-five patients were enrolled. The median nadir CD4™ cell counts was
64 cells/pl. Fifty-nine percent of the patients were receiving antituberculosis treatment.
The incidence of referral for CNS deterioration in the first year of ART was 23.3 cases
[95% confidence interval (CI), 18.3-29.2] per 1000 patient-years at risk. CNS tuber-
culosis (n=27, 36%), cryptococcal meningitis (n=18, 24%), intracerebral space
occupying lesions (other than tuberculoma) (n=10, 13%) and psychosis (n=9,
12%) were the most frequent diagnoses. Paradoxical neurological IRIS was diagnosed
in 21 patients (28%), related to tuberculosis in 16 and cryptococcosis in five. At 6
months, 23% of the patients had died and 20% were lost to follow-up.

Conclusion: Opportunistic infections, notably tuberculosis and cryptococcosis, were
the most frequent causes for neurological deterioration after starting ART. Neurological
IRIS occurred in over a quarter of patients.
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Introduction

Neurological disorders are important causes of morbidity
and mortality in HIV-infected patients [1,2]. The use of
combination antiretroviral therapy (ART) has signifi-
cantly reduced the incidence and progression of HIV-
associated dementia, as well as the incidence of
opportunistic infections affecting the central nervous
system (CNS) [3]. However, an early complication of
ART is the immune reconstitution inflammatory
syndrome (IRIS), which may aftect the CNS [4,5]. IRIS
occurs due to an exuberant inflammatory response
directed toward opportunistic pathogens [6]. This results
in the paradoxical worsening of a patient’s condition
despite adequate antimicrobial therapy (paradoxical IRIS)
or the unmasking of an occult opportunistic infection
with an unusually inflammatory presentation (unmasking
IRIS) [7]. Neurological IRIS is described in several
HIV-related CNS disorders such as tuberculosis (TB),
cryptococcal meningitis, cytomegalovirus infection and
progressive multifocal leukoencephalopathy [4,5].

Efavirenz (EFV) may cause CNS adverse events in more
than 50% of the patients [8,9]. Furthermore, a Thai study
reported an increased rate of primary CNS lymphoma
and ischemic/hemorrhagic strokes in HIV-infected
patients within the first 2 years of ART when compared
with HIV-infected patients from the same setting in the
pre-ART era [2].

In this study, we describe the spectrum of CNS disease

during the first year of ART among patients presenting to
a referral hospital in South Africa.

Participants and methods

A prospective observational study at GF Jooste Hospital, a
secondary-level, public sector referral hospital in Cape
Town, South Africa. GF Jooste Hospital serves adults
from a population of approximately 1.3 million people
who reside in high-density, low-income communities.
The incidence of TB in these communities exceeds 1000
cases per 100000 of the population per annum and the
antenatal HIV seroprevalence can be 30% [10]. Eleven
primary-level ART clinics are situated in the referral area.
Most patients attending these clinics do not have health
insurance. Thus, the public sector referral hospital serves
most patients with significant clinical deterioration
following ART initiation.

Between 1 November 2007 and 31 October 2008
(12 months), we enrolled adult (>18 years of age) HIV-
seropositive patients who were referred to our facility
with new or recurrent neurological or psychiatric
symptom(s) or sign(s) within the first year of starting
ART. Patients with neurological deterioration due to
peripheral neuropathy or ‘delirium secondary to a general

medical condition’ were excluded. Doctors in the
infectious diseases outpatient clinic and the admitting
medical doctors were informed about the study and they
screened all patients who presented to GF Jooste hospital
with a medical illness. Patients who met the inclusion
criteria were referred to a study physician. The study
physicians also actively sort out referrals in the outpatient
clinic and medical wards each day of the week (Monday—
Friday). Data obtained by the study physician included
demographic information, CD4" cell counts prior to
ART initiation, ART regimen, previous/concurrent
illnesses aftecting the CNS, details of TB disease if present,
medication use and details of neurological presentation.
Thereatter, a neurological examination was performed by
the study physician and investigations requested as
determined by presentation. We subsequently used
primary clinic and hospital medical notes, as well as the
National Health Laboratories Service database to trace
specimens, and the electronic hospital and primary clinic
attendance registers to trace patients in order to determine
the outcome 6 months after presentation. Data obtained
prospectively (i.e. details regarding presentation and initial
management), as well as retrospectively (i.e. outcome data),
were recorded on a standardized data collection sheet. Data
analysis was performed using Microsoft Excel. The
incidence of referral for CNS deterioration was calculated
with 95% Poisson confidence intervals (Cls) on the basis of
the total number of patients initiating ART in the year
preceding each study month at the 11 referring ART
clinics, reduced by 10.9% to allow for losses to care. The
data were obtained from monthly reports of total patients
started on ART in each referring clinic and provincial
cohort data on retention in care at 6 months on ART [11].
The Research Ethics Committee of the University of Cape
Town approved this study.

Definitions

We defined paradoxical tuberculosis-associated immune
reconstitution inflammatory syndrome (TB-IRIS) and
cryptococcal meningitis immune reconstitution inflam-
matory syndrome (CM-IRIS) using consensus clinical
case definitions [7,12,13]. The diagnosis of paradoxical
TB-IRIS required diagnosis of active TB prior to ART
initiation, response to antitubercular treatment and
development of recurrent, new or worsening symp-
toms/signs of neurological TB within 3 months of
starting ART. Paradoxical TB-IRIS was also diagnosed in
patients who were diagnosed with TB after initiation of
ART and subsequently developed a neurological para-
doxical reaction after starting antitubercular therapy that
did not have an alternative explanation. The diagnosis of
paradoxical CM-IRIS required diagnosis of cryptococcal
meningitis prior to ART, initial response to antifungal
treatment with improvement of symptoms/signs and
presentation with cryptococcal meningitis recurrence
that was culture negative within 12 months of ART
initiation. If there was a cryptococcal meningitis
recurrence on ART and the cerebrospinal fluid (CSF)
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cultured Cryptococcus neoformans, the onset of the event
had to be within 3 months of initiation of antifungal
therapy to be defined as CM-IRIS. The diagnosis of a
culture-positive cryptococcal meningitis relapse on ART
required re-presentation with CSF fungal culture-
positive cryptococcal meningitis and occurrence more
than 3 months after start of antifungal therapy.

The diagnosis of ‘delirium secondary to a general medical
condition’ required acute confusion secondary to sepsis
owing to a nonneurological infection or metabolic
abnormality (e.g. hypoxia, hypoglycemia, renal or hepatic
failure).

1 November 2006 and 31 October 2007, the estimated
person time at risk in the first year of ART was 3222
patient-years, accounting for losses to care. The incidence
rate of referred patients with CNS deterioration in the
first year on ART was, therefore, 23.3 cases (95% CI,
18.3-29.2) per 1000 patient-years at risk.

Table 1 summarizes the 75 patients’ clinical and
demographic characteristics. Forty-four patients (59%)
were receiving antitubercular treatment at the time of
neurological deterioration, 30 of whom had culture-
confirmed disease. Drug susceptibility testing for
rifampicin and isoniazid (INH) was performed on 18

isolates, which revealed drug susceptibility in 15 patients
and multidrug-resistance (resistant to rifampicin and
INH) in three patients. The four most frequent reasons
for neurological deterioration were CNS TB, crypto-
coccal meningitis, intracerebral space occupying lesions
(SOLs) and psychosis (Table 2).

Results

Seventy-five patients presented with neurological
deterioration within 1 year of starting ART. Between

Table 1. Characteristics and outcomes of 75 HIV-seropositive patients presenting with neurological deterioration within 1 year of initiating
antiretroviral therapy.

Female, n (%) 40 (53)
Age in years, median (range) 33 (18-68)
Nadir CD4" cell counts (cells/ul), median (IQR) 64 (23-114)
WHO Staging, n (%)
Stage Il 2 (3)
Stage 11l 28 (37)
Stage IV 45 (60)
ART regimen, n (%)
d4T/3TC/EFV 50 (67)
d4T/3TC/NVP 14 (19)
ZDV/3TC/EFV 6 (8)
ZDV/3TC/NVP 4 (5)
TDF/3TC/EFV 1 (1)
Current TB, n (%)* 44 (59)
Pulmonary/extrapulmonary disease®, n/n 27/22
Time from antitubercular treatment initiation to starting ART in days, median (IQR) 56 (34-100)
Previous TB, n (%) 31 (41)
Previous CM, n (%) 11 (15)
Time from ART initiation to symptom onset in days, median (IQR) 23 (9-89)
Paradoxical TB-IRIS, n=16 16 (11-30)
Paradoxical CM-IRIS, n=5 58 (27-88)
Time from symptom onset to presentation in days, median (IQR) 4 (3-14)
Paradoxical TB-IRIS, n=16 4 (3-16)
Paradoxical CM-IRIS, n=5 3 2-4)
Outcome at 6 months, n (%)
Alive 43 (57)
Dead? 17 23)
Lost to follow-up® 15 (20)

3TC, lamivudine; ART, antiretroviral therapy; CM, cryptococcal meningitis; CM-IRIS, cryptococcal meningitis immune reconstitution inflam-
matory syndrome; d4T, stavudine; EFV, efavirenz; IQR, interquartile range; NVP, nevirapine; TB, tuberculosis; TB-IRIS, tuberculosis-associated
immune reconstitution inflammatory syndrome; TDF, tenofovir; ZDV, zidovudine.

“Includes all patients on antitubercular treatment at the time of neurological deterioration [those who started prior to ART initiation (n=40) and
those who started after ART initiation (n=4)].

PExtrapulmonary disease sites include nodal (n=11), central nervous system (n=5), abdominal (n =4), pleural (1 =4) and pericardial (n=2). In
five patients, both pulmonary and extrapulmonary disease were present. In three patients more than one extrapulmonary site of disease was present.
“For 40 patients who started antitubercular treatment prior to ART.

9Deaths occurred in the following patient categories: intracerebral space occupying lesion (other than tuberculoma) (n=6), new diagnosis of
neurological TB (n=2), poor adherence to antitubercular treatment (n=2), multidrug-resistant TB (n=1), new diagnosis of CM (n=3),
cytomegalovirus encephalitis (n=1) and HIV encephalopathy (n=2).

“Lost to follow-up occurred in the following patient categories: paradoxical TB-IRIS (n= 1), multidrug-resistant TB (n=2), poor adherence to
antitubercular treatment (n = 1), paradoxical CM-IRIS (n=1), culture-positive CM relapse on ART (n=1), new diagnosis of CM (n=1), cerebral
toxoplasmosis (n= 1), intracerebral space occupying lesion of uncertain cause (n= 1), EFV-induced psychosis (n =2), reactive psychosis (n=1),
isolated abducens nerve palsy (n=1), varicella zoster virus radiculopathy (n=1) and bacterial meningitis (n=1).
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Table 2. Causes of neurological deterioration within one year of
antiretroviral therapy initiation in 75 HIV-seropositive patients.

n (%)

CNS TB 27 (36)
Paradoxical TB-IRIS' 16 @10
TB meningitis (n = 8)
Tuberculoma (n=6)
TB arachnoiditis (n=1)
TB spinal epidural abscess (n=1)
New diagnosis of neurological TB 4 (5)
TB meningitis (n=3)
TB arachnoiditis (n=1)
MDR-TB 2 (
Deterioration due to poor adherence 5 (
Cryptococcal meningitis (CSF culture positivez) 18 [12] (2
Paradoxical CM-IRIS’ 5
Culture-positive relapse on ART* 4 4]
New diagnosis of CM 9
Intracerebral space occupying lesion® 1
Cerebral toxoplasmosis
Uncertain cause®
Psychosis
EFV-induced
HIV-induced
INH-induced
Reactive psychosis
Other
Seizure
CMV encephalitis
HIV encephalopathy
Isolated abducens nerve palsy
VZV radiculopathy
Bacterial meningitis
RIND

1
1
(
(1
(1

S oSN W S S SN UTO O =0

3
7
4
7
5
2
3
1
2
2
7
3
1
1
(15
4
3
3
1
1
1
1

ART, antiretroviral therapy; CM, cryptococcal meningitis; CM-IRIS,
cryptococcal meningitis immune reconstitution inflammatory syn-
drome; CMV, cytomegalovirus; CNS, central nervous system; CSF,
cerebrospinal fluid; EFV, efavirenz; INH, isoniazid; MDR-TB, multi-
drug-resistant tuberculosis; RIND, reversible ischemic neurological
deficit; TB, tuberculosis; TB-IRIS, tuberculosis-associated immune
reconstitution inflammatory syndrome; VZV, varicella zoster virus.
7’3’4See definitions in the text.

2CSF culture positive for Cryptococcus neoformans at time of
deterioration.

>Space occupying lesions other than tuberculoma.

The most likely differential diagnoses included tuberculoma and
toxoplasmosis.

Central nervous system tuberculosis
Twenty-seven patients (36%) presented with neurological
deterioration related to TB. Paradoxical TB-IRIS was
diagnosed in 16/75 patients (21%). Thirteen out of 16 of
these patients received corticosteroids. At 6-months
follow-up, 15/16 patients were alive and one was lost to
follow-up. All patients diagnosed with tuberculoma
either had a negative-serum immunoglobulin G (IgG)
serological analysis for foxoplasma species or showed a
good response to antitubercular treatment in the absence
of treatment for toxoplasmosis.

Cryptococcal meningitis

Eighteen patients (24%) presented with deterioration
related to cryptococcal meningitis. Five patients (7%)
presented with paradoxical CM-IRIS, of whom one
received corticosteroids. At 6-months follow-up, four of

these five patients were alive and one was lost to follow-

up.

Space occupying lesions (other than
tuberculoma)

Ten patients (13%) presented with SOL due to
toxoplasmosis (n=1) or of uncertain cause (n=09).
The diagnosis of cerebral toxoplasmosis was on the basis
of a response to antitoxoplasma treatment in the absence
of antitubercular treatment. In the other nine patients, it
could not be ascertained whether the SOL was related to
TB or toxoplasmosis: four were already receiving
antitubercular treatment and had antitoxoplasma treat-
ment added, three were started on treatment for both TB
and toxoplasmosis, one was treated only for toxoplas-
mosis, but died and one was only treated for TB, but
died.

Psychosis

Nine patients (12%) presented with psychosis. An EFV-
induced psychosis was the most likely cause in five. One
patient was diagnosed with INH-induced psychosis and
another was diagnosed with a reactive psychosis
secondary to social stressors. A diagnosis of HIV-induced
psychosis was presumed for two patients in whom no
other cause could be identified.

Outcomes

At 6-months follow-up, 43 (57%) patients were alive, 17
(23%) were dead and 15 (20%) were lost to follow-up
from the healthcare system (Table 1). The median interval
from ART initiation, and presentation, to death was 67
days [interquartile range (IQR) 47—164 days] and 23 days
(IQR 10-39 days), respectively.

Discussion

This is, to our knowledge, the first prospective study
describing the spectrum of neurological disorders
occurring within the first year of ART. TB and
cryptococcal meningitis together accounted for at least
60% of cases. This is likely owing to the high incidence of
TB in our setting, and profound immunosuppression at
ART initiation; in 2007, 19% of adults starting ART in
the Western Cape province had CD4" cell counts below
50 cells/pl, whereas the median CD47 cell counts of
patients starting ART in two of the referring clinics were

131 cells/pl [14].

Paradoxical IRIS, which was associated with TB (n=16)
and cryptococcal meningitis (n =5), accounted for 28%
of cases. Paradoxical CM-IRIS may occur in up to 30% of
patients following ART initiation [15-17]. We pre-
viously reported neurological TB-IRIS in 12% of patients
who presented with TB-IRIS [12]. The median interval
from starting ART to symptom onset in our patients with
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TB-IRIS and CM-IRIS was 16 and 58 days, respectively.
These findings are similar to previous reports [12,15].
The management of neurological IRIS is problematic; no
diagnostic test exists and treatment strategies are based on
anecdotal case reports [18]. Eighty-one percent of
patients with TB-IRIS and 20% of patients with CM-
IRIS in our cohort received corticosteroid therapy, which
may be of benefit in patients with neurological TB-IRIS
[12,18]. High mortality rates have been associated
with both CM-IRIS (up to 66%) [17] and neurological
TB-IRIS (at least 13%, at 6-months follow-up) [12]. No
patients in our cohort who presented with IRIS died
during 6-months follow-up and only one patient with
TB-IRIS and one with CM-IRIS were lost to follow-up
at 6 months.

New or expanding SOL developed in 21% of patients
(n=16). Confirming the cause of SOL is difficult in our
setting in which access to stereotactic brain biopsy is
limited. Similar to previous studies [12], we relied on
available evidence to make the diagnosis. The major
differential diagnoses of SOL are cerebral toxoplasmosis
(diagnosed in one patient) and tuberculoma (diagnosed in
six patients) [19]. In more that half of our patients (9/16),
the diagnosis was uncertain. The lack of definitive
diagnosis in most patients, and the associated high
mortality in these patients (6/9), emphasize the challenge
of managing patients with SOL.

Neurological deterioration is an important cause of
clinical deterioration and death after starting ART. The
referral rate of 23.3 cases per 1000 patient-years at risk is
most likely an underestimate of the true incidence of
neurological deterioration. Although significant neuro-
logical presentation related to a CNS cause results in
referral to our facility, patients with mild symptoms or
signs are not always referred; patients who are too
confused or otherwise unwell to seek medical help may
die at home; and patients may attend other hospitals or
move out of the referral area. Furthermore, new or
worsening peripheral neuropathy is a common cause for
neurological deterioration after starting ART [20].
However, as most peripheral neuropathies are managed
at primary care level, we did not include these patients in
our study. In this study, the challenges posed by the
management of patients with neurological deterioration
are reflected in poor outcome (23% died), and high rate of
loss to follow-up (20%), at 6 months. In comparison,
among all patients starting ART in our setting, mortality
and loss to follow-up is considerably lower. The
cumulative mortality rate during the first year of ART
(from 2004 to 2007 in the largest ART clinics in our
referral area) was 8%, and 3—5% of patients were lost to
follow-up during the first year of ART [21]. In a busy
ART program, clinic attendance and adherence to ART
require patient mobility, insight and motivation. Neuro-
logical deterioration makes this difficult, especially if
there is inadequate treatment support from family or
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friends. Patients with psychosis or confusion may not have
the insight to seek medical help and may default ART and
other medical therapies. Furthermore, patients with
weakness or other neurological impairment may be
physically incapable of seeking medical care indepen-
dently. This may contribute to the high loss to follow-up
rate we observed.

Conclusion

In our setting, opportunistic infections, notably TB and
cryptococcosis, were the most important causes for
neurological deterioration during the first year of ART.
Over a quarter of patients were related to paradoxical
IRIS. Our study has particular relevance to ART
programs in high TB prevalence regions. We highlight
the challenges associated with the management of these in
patients in resource-constrained settings.
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Background. Tuberculosis immune reconstitution inflammatory syndrome (IRIS) is a common cause of dete-
rioration in human immunodeficiency virus (HIV)-infected patients receiving tuberculosis treatment after starting
antiretroviral therapy (ART). Potentially life-threatening neurological involvement occurs frequently and has been
suggested as a reason to defer ART.

Methods. We conducted a prospective study of HIV-infected, ART-naive patients with tuberculous meningitis
(TBM). At presentation, patients started tuberculosis treatment and prednisone; ART was initiated 2 weeks later.
Clinical and laboratory findings were compared between patients who developed TBM-IRIS (TBM-IRIS patients)
and those who did not (non-TBM-IRIS patients). A logistic regression model was developed to predict TBM-IRIS.

Results. Forty-seven percent (16/34) of TBM patients developed TBM-IRIS, which manifested with severe
features of inflammation. At TBM diagnosis, TBM-IRIS patients had higher cerebrospinal fluid (CSF) neutrophil
counts compared with non-TBM-IRIS patients (median, 50 vs 3 cells x10%/L, P =.02). Mycobacterium tuberculosis
was cultured from CSF of 15 TBM-IRIS patients (94%) compared with 6 non-TBM-IRIS patients (33%) at time of
TBM diagnosis; relative risk of developing TBM-IRIS if CSF was Mycobacterium tuberculosis culture positive =9.3
(95% confidence interval [CI], 1.4-62.2). The combination of high CSF tumor necrosis factor (TNF)-o and low
interferon (IFN)-y at TBM diagnosis predicted TBM-IRIS (area under the curve =0.91 [95% CI, .53-.99]).

Conclusions. TBM-IRIS is a frequent, severe complication of ART in HIV-associated TBM and is character-
ized by high CSF neutrophil counts and Mycobacterium tuberculosis culture positivity at TBM presentation. The
combination of CSF IFN-y and TNF-a concentrations may predict TBM-IRIS and thereby be a means to individ-
ualize patients to early or deferred ART.

Keywords. meningitis; tuberculosis; neutrophils; pathogenesis.

Paradoxical tuberculosis immune reconstitution in- human immunodeficiency virus (HIV)-infected pa-
tients receiving tuberculosis treatment after starting
antiretroviral therapy (ART) [1-4]. Tuberculosis IRIS

results from rapid restoration of Mycobacterium

flammatory syndrome (IRIS) occurs in 8%-43% of
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tuberculosis—specific immune responses, but its patho-
genesis remains poorly understood [1, 5, 6].
Neurological tuberculosis IRIS occurs in a substan-
tial proportion (12%) of tuberculosis IRIS cases and is
the commonest cause of central nervous system (CNS)
deterioration during the first year of ART in settings
of high tuberculosis/HIV prevalence [7, 8]. Mortality is
high (up to 30%) in those affected [8]. Manifestations
of neurological tuberculosis IRIS include meningitis
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[7-11], intracranial tuberculomata [7, 8, 12-14], brain abscess-
es [12, 15], radiculomyelitis [7, 8, 11], and spinal epidural ab-
scesses [7]. There are no prospective studies describing
tuberculous meningitis (TBM) IRIS; only isolated cases [9-15]
and 1 case series of neurological tuberculosis IRIS [8, 16] have
been published. Although consensus now exists that ART
should be started early (around 2 weeks) in HIV/tuberculosis-
coinfected patients with severe immunosuppression, a poten-
tial exception is TBM because of the perceived risk of TBM-
IRIS [17, 18]. However, the frequency and severity of this
complication are not well documented and no means exist to
predict the syndrome.

We therefore investigated clinical and laboratory findings in
ART-naive HIV-infected patients who presented with TBM.
We undertook serial cerebrospinal fluid (CSF) sampling in pa-
tients who did and did not develop TBM-IRIS.

MATERIALS AND METHODS

Setting

This prospective, observational study was performed at GF
Jooste Hospital, a public sector referral hospital in Cape
Town. The hospital serves alow-income, high-density population
in which the tuberculosis notification rate exceeds 1.5% per
year with 70% of tuberculosis cases coinfected with HIV [19].

Participants

ART-naive HIV-infected patients aged >18 years presenting
with meningitis from March 2009 through October 2010 were
screened for study inclusion. HIV infection was diagnosed using
2 rapid HIV antibody tests and confirmed by HIV load. Definite
TBM was diagnosed when acid-fast bacilli were seen, or when
M. tuberculosis was cultured from CSF. Probable TBM was diag-
nosed when a patient showed clinical, laboratory, and radiologi-
cal features of TBM in the absence of other infective causes for
presentation [20]. Paradoxical TBM-IRIS was diagnosed accord-
ing to a published definition for tuberculosis IRIS modified for
meningitis [7, 8]. The definition had 3 components: (1) TBM
diagnosis before starting ART and improvement on tuberculosis
treatment prior to ART initiation; (2) onset of TBM-IRIS mani-
festations (ie, new, recurrent, or worsening clinical features of
TBM) within 3 months of ART initiation; and (3) exclusion of
alternative causes for clinical deterioration.

Patients were ineligible if they had a contraindication to
lumbar puncture, including unequal pressures between individ-
ual brain compartments on brain imaging, or severe TBM (ie,
modified British Medical Research Council [BMRC] grade III
disease severity) [21]. The University of Cape Town Research
Ethics Committee approved the study and written informed
consent was obtained from all patients or their relatives.

Procedures

Demographic data and history of tuberculosis disease, HIV
infection, and other systemic illnesses and medications were
recorded. Patients underwent general physical and
neurological examination. Chest radiography, phlebotomy, and
lumbar puncture were performed. In patients with suspected
raised intracranial pressure or focal neurological deficits, brain
computed tomography scanning was performed prior to
lumbar puncture. CSF analysis included biochemistry, cytolo-
gy, microbiology (including microscopy and culture for fungi
and pyogenic bacteria), syphilis serology, HIV load, and Cryp-
tococcus latex agglutination titer. Ziehl-Neelsen staining of
sediment and M. tuberculosis culture was performed. If myco-
bacteria were cultured from CSF, tuberculosis polymerase
chain reaction (PCR; Genotype MTBDRplus, Hain Lifesciences)
was performed to determine susceptibility to rifampicin and
isoniazid. CSF varicella zoster virus PCR was performed if the
etiology was suspected. CSF was also stored at —80°C and
analyzed for a range of inflammatory markers on the Bio-Plex
platform (Bio-Rad Laboratories, Hercules, CA) using custom-
ized Milliplex kits (Millipore, St Charles, MO) according to the
manufacturer’s instructions.

At TBM diagnosis, patients started tuberculosis treatment
according to national guidelines [22] and prednisone (1.5 mg/
kg/day). After 2 weeks of treatment and prior to initiation of
ART, patients were assessed for improvement on tuberculosis
treatment. The initial ART regimen was stavudine, lamivu-
dine, and efavirenz. Later during the study, tenofovir replaced
stavudine according to revised national guidelines. CSF inves-
tigations performed at TBM diagnosis were repeated at the
time of ART initiation, 2 weeks later, and at time of TBM-
IRIS presentation and 2 weeks thereafter. Prednisone was
reduced to 0.75 mg/kg/day 4 weeks after starting ART and dis-
continued 2 weeks thereafter, unless the patient developed
TBM-IRIS. At TBM-IRIS presentation, investigations were
performed to exclude alternative causes of deterioration. Pred-
nisone was either recommenced or the dose increased. Pa-
tients were followed for the duration of tuberculosis treatment
(9 months); routine visits were at 2 weeks, 4 weeks, 6 weeks,
12 weeks, 6 months, and 9 months after TBM diagnosis. Pa-
tients were seen more frequently during deterioration.

Statistical Analysis

Statistical analysis was performed using the GraphPad Prism
version 5, R version 2.14.1, and StatXact version 9 software
packages. Categorical variables were compared using x* or
Fisher exact test. Continuous variables were compared between
groups and time points within groups, using the Wilcoxon
rank sum and Wilcoxon matched pairs tests, respectively.
Adjusted relative risks (RRs) were evaluated using Cochran-
Mantel-Haenszel tests and tests of homogeneity when
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Patients with clinical features of meningitis = 67

Patients excluded due to other causes of
meningitis = 13

- Cryptococcal meningitis (n=9)

- Lymphoma (n=2)

- Bacterial meningitis (n= 1)

- Viral meningitis (n=1)

h 4

Tuberculous meningitis (TBM) = 44

h 4

TBM excluded from analysis = 10

- Poor adherence to ART/TB treatment (n = 3)
- Default from study # (n = 2)

- 1 of 3 study lumbar punctures not performed
b(n=2)

- Dual infection with another organisme¢ (n = 1)
- Death prior to ART initiation (n = 2)

A 4

TBM included in analysis = 34

¥

TBM-IRIS = 16

Non-TBM-IRIS = 18

Figure 1. Flow diagram of patients with features of meningitis (eg, headache, confusion, vomiting, and/or neck stiffness) screened for study inclusion.
*Patients defaulted within 3 months of starting antiretroviral therapy (ART). "Time points of lumbar punctures include tuberculous meningitis (TBM)
diagnosis, ART initiation, and 2 weeks after starting ART. “Cerebrospinal fluid varicella-zoster virus polymerase chain reaction was performed in 1
patient with who had shingles at time of TBM presentation, which was positive. Abbreviations: ART; antiretroviral therapy, IRIS; immune reconstitution

inflammatory syndrome; TB; tuberculosis; TBM, tuberculous meningitis.

considering categorical risk factors. Log-binomial models were
fitted to continuous risk factors. Significance testing was done
using 2-sided P values with P <.05 taken as significant.

The predictive accuracy of CSF neutrophil counts at TBM
diagnosis for TBM-IRIS was assessed using nonparametric area
under the receiver operating characteristic curve (AUC). Addi-
tionally, a model to predict TBM-IRIS risk was developed from
5 prespecified cytokines measured in CSF at time of TBM diag-
nosis. Interleukin 6 (IL-6), interleukin 10, interleukin 12p40,
interferon gamma (IFN-y), and tumor necrosis factor alpha
(TNF-0;) were selected as candidate markers of TBM-IRIS
based on previous studies [23, 24]. We prespecified the analysis
for evaluating the multivariate cytokine model as follows. Sig-
nificant cytokines comparing TBM-IRIS and non-TBM-IRIS
using Wilcoxon rank sum tests were selected for a logistic
regression model. Nonsignificant cytokines were dropped,

resulting in a final model. The entire model building process
was evaluated using leave-one-out cross-validation, the boot-
strap method [25], and the permutation test to provide a cross-
validated (nonparametric) estimate of the AUC, P values, and
95% confidence intervals (CIs). As a secondary analysis, we ex-
amined whether the addition of CSF neutrophils and/or lym-
phocyte counts would improve the model’s predictive ability.

RESULTS

TBM Presentation

The final diagnoses and reasons for exclusion of patients with
meningitis are shown in Figure 1. Thirty-four patients were
included in the final analysis; 15 (44%) were female and the
median age was 33 years (interquartile range [IQR], 29-44).
Sixteen patients (47%) developed TBM-IRIS (TBM-IRIS
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Table 1. Demographic and Baseline Characteristics of Patients Who Developed Tuberculous Meningitis Inmune Reconstitution In-

flammatory Syndrome and Those Who Did Not

TBM-IRIS Non-TBM-IRIS
No. (%) No. (%)
Female 9 (56) 6 (33)
Age, y, median (IQR) 33 (30-46) 31 (25-41)
Duration between tuberculosis treatment and ART, d, median (IQR)? 15 (14-16) 15 (14-20)
Previous tuberculosis 5(31) 6 (33)
Neurological symptoms
Duration of neurological symptoms, d, median (IQR) 19 (6-31) 9 (6-21)
Nausea/vomiting 13 (81) 8 (44)
Headache 16 (100) 14 (78)
Visual disturbances 6 (38) 5 (28)
Confusion 7 (44) 6 (33)
Neck pain/stiffness 13 (81) 14 (78)
Systemic symptoms
Chest symptoms 13 (81) 8 (44)
Night sweats 12 (75) 8 (44)
Abdominal symptoms 9 (56) 5 (28)
Weight loss 14 (88) 12 (67)

Clinical findings
Body mass index, median (IQR)
BMRC disease grade 1°
Focal neurological signs®

Blood investigations
Sodium, mmol/L, median (IQR)
Hemoglobin, g/dL, median (IQR)

Other investigations
CXR abnormalities
Features of extra CNS tuberculosis®
Abdominal ultrasound, abnormal/number performed
Brain CT abnormal/number performed®

18.4 (17.2-23.3) 20.7 (19.0-23.3)
7 (44) 11.(61)
4 (25) 3(17)

123 (121-129) 130 (128-134)

10.2 (8.56-11.7) 12.4 (9.3-13.4)
13 (81) 9 (50)
14 (88) 12 (67)
5/5 (100) 6/8 (75)
4/5 (80) 5/9 (56)

Data are presented as No. (%) unless otherwise specified. Definitions for TBM-IRIS and non-TBM-IRIS are taken from [16] and [18], respectively.

Abbreviations: ART, antiretroviral therapy; BMRC, British Medical Research Council; CNS, central nervous system; CT, computed tomography; CXR, chest
radiograph; IQR, interquartile range; TBM-IRIS, tuberculous meningitis immune reconstitution inflammatory syndrome.

@ ART regimens included stavudine (D4T), lamivudine (3TC), and efavirenz (EFV; n = 19); tenofovir, 3TC, and EFV (n = 9); zidovudine, 3TC, and EFV (n=5); and

DA4T, 3TC, and lopinavir/ritonavir (n = 1).

® BMRC grade I: Glasgow Coma Scale (GCS) score of 15 with no focal neurologic signs; grade Il: GCS score of 11-14 or GCS of 15 with focal neurologic signs;

grade Ill: GCS score of <10 [21].

¢ Including cranial nerve palsies (n = 4), hemiparesis (n = 1), cerebellar signs (n = 2).

9 Including number of patients with 1 or more of the following: chest radiograph or abdominal ultrasound features of tuberculosis and acid-fast bacilli seen or

M. tuberculosis cultured from specimen other than cerebrospinal fluid.

¢ Including features compatible with TBM: hydrocephalus, meningeal enhancement, tuberculoma, and infarct.

patients) whereas 18 did not (non-TBM-IRIS patients).
Tables 1 and 2 show the demographic and baseline character-
istics of these 2 groups. Baseline characteristics were similar
between groups, although patients who developed TBM-IRIS
had a longer duration of symptoms (median, 19 vs 9 days)
and more frequent features of extrameningeal tuberculosis,
such as chest symptoms (81% vs 44%) and chest radiographic
abnormalities (81% vs 50%). Five TBM-IRIS patients (31%)

and 3 non-TBM-IRIS patients (17%) developed features of
extrameningeal tuberculosis IRIS.

TBM-IRIS Presentation

Features of TBM-IRIS developed a median of 14 days (IQR,
4-20) after starting ART. Symptoms and signs included new
or worsening headache (n =12), confusion (n = 6), neck pain/
stiffness (n=11), generalized tonic-clonic seizures (n=4),
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Table 2. Serial Blood and Cerebrospinal Fluid Findings in Patients Who Developed Tuberculous Meningitis Inmune Reconstitution
Inflammatory Syndrome (TBM-IRIS) and Those Who Did Not (non-TBM-IRIS)

TBM-IRIS Non-TBM-IRIS
Median (IQR) Median (IQR) P Value®
Blood
C-reactive protein, mg/L
TBM diagnosis 45 (13-98) 25 (1-71) 22
ART start 6 (4-15) 8 (1-20) .64
2 wk after ART start 56 (20-105) 14 (6-63) .07
CD4 count, cells/ul
TBM diagnosis 131 (62-169) 102 (69-278) 79
ART start 93 (65-158) 145 (64-231) .40
2 wk after ART start 158 (139-193) 178 (103-261) .68
HIV load, logqg
TBM diagnosis 5.39 (4.75-6.16) 5.60 (4.76-5.72) .83
ART start 5.61 (5.26-6.26) 5.30 (4.90-6.04) 13
2 wk after ART start 3.15 (2.50-3.36) 2.71 (2.43-2.98) 13
Cerebrospinal fluid
Protein, g/L
TBM diagnosis 2.70(1.80-5.11) 1.88(1.28-3.31) 24
ART start 1.63 (1.22-2.67) 0.94 (0.82-1.63) .03
2 wk after ART start/IRIS presentation® 3.11(1.99-22.83) 0.61 (0.37-1.76) <.001
2 wk after IRIS presentation® 2.62 (2.24-12.74)
Glucose (CSF blood ratio)
TBM diagnosis 0.24 (0.15-0.31) 0.47 (0.28-0.57) .01
ART start 0.51 (0.43-0.55) 0.48 (0.38-0.57) .63
2 wk after ART start/IRIS presentation® 0.39 (0.33-0.43) 0.53 (0.37-0.59) .05
2 wk after IRIS presentation® 0.38 (0.34-0.48)
Neutrophil counts, x10%/L
TBM diagnosis 50 (15-86) 3 (0-44) .02
ART start 1(0-4) 0 (0-5) .32
2 wk after ART start/IRIS presentation® 42 (17-244) 0 (0-3) <.001
2 wk after IRIS presentation® 3(0-12)
Neutrophil proportion, % of cells per sample
TBM diagnosis 36 (6-53) 0(0-12) .009
ART start 1(1-11) 0(0-18) .61
2 wk after ART start/IRIS presentation® 9 (4-22) 1(0-33) .35
Lymphocyte counts, x10%/L
TBM diagnosis 218 (63-366) 93 (24-274) .36
ART start 110 (44-225) 41 (18-79) .02
2 wk after ART start/IRIS presentation® 177 (69-363) 25 (6-52) <.001
2 wk after IRIS presentation® 147 (98-405)
HIV load, logqo
TBM diagnosis 6.35 (5.80-6.73) 5.60 (4.81-6.54) .05
ART start 5.56 (5.16-5.95) 5.40 (4.93-5.82) .27
2 wk after ART start 3.00 (2.24-3.67) 2.65 (2.42-2.80) 21

Definitions for TBM-IRIS and non-TBM-IRIS are taken from [16] and [18], respectively.
Abbreviations: ART, antiretroviral therapy; CSF, cerebrospinal fluid; HIV, human immunodeficiency virus; IQR, interquartile range; IRIS, immune reconstitution

inflammatory syndrome; TBM, tuberculous meningitis.

@ For TBM-IRIS patients, results are reported for lumbar puncture performed at TBM-IRIS presentation, which occurred a median of 14 days after ART initiation.
°In 5 TBM-IRIS patients, lumbar puncture was not performed 2 weeks after TBM-IRIS because of death (n = 1), contraindication to lumbar puncture (n = 3), and

patient admitted to alternative facility (n=1).
¢ P <.05 was considered statistically significant.
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vomiting (n=5), paraparesis (n=3), myoclonic jerks (n=1),
dysconjugate eye movements (n=1), and aphasia (n=1). At
time of TBM-IRIS presentation, 15 patients underwent brain
imaging, including computed tomography (n = 14) or magnet-
ic resonance imaging (n=1). Imaging showed features of
TBM in 14 of these patients. Magnetic resonance imaging of
the spine was performed in 2 patients with paraparesis; both
had features of radiculomyelitis (Supplementary Figure 1).

Serial Blood and CSF Findings

Baseline blood investigations were similar between TBM-IRIS
and non-TBM-IRIS patients with the exception of serum
sodium concentrations, which were lower in TBM-IRIS pa-
tients (median, 123 vs 130 mmol/L, P =.01, Table 1). Table 2
and Figure 2 show serial blood and CSF findings. There was a
significant rise in CD4 counts between starting ART and 2
weeks later in both TBM-IRIS (median, 93-158 cells/uL,
P=.009) and non-TBM-IRIS (median, 145-178 cells/uL,
P =.04) patients. Between these time points, blood and CSF
HIV loads decreased significantly (P <.001) in both groups.

At TBM diagnosis, TBM-IRIS patients had higher CSF cell
counts, in particular neutrophils (median, 50 vs 3 cells x10°/L,
P =.02, Table 2). Similarly, neutrophil percentages from indi-
vidual samples were higher in TBM-IRIS patients compared
with non-TBM-IRIS patients (median, 36% vs 0%, P =.009).
CSF to blood glucose ratios were lower in TBM-IRIS patients
(median, 0.24 vs 0.47, P=.005). In both groups, CSF parame-
ters initially improved on tuberculosis treatment (Table 2 and
Figure 2). However, at TBM-IRIS presentation, TBM-IRIS pa-
tients showed findings of recurrent inflammation. In this
group, lymphocyte and neutrophil counts at TBM-IRIS pre-
sentation were similar, and protein concentrations higher,
compared with the same parameters at TBM diagnosis
(median protein, 3.11 g/L at TBM-IRIS vs 2.70 g/L at TBM
diagnosis, P =.007).

Mpycobacterium tuberculosis was cultured from the CSF of
15 TBM-IRIS patients (94%) and 6 non-TBM-IRIS patients
(33%) at TBM diagnosis; the risk of developing TBM-IRIS if
CSF M. tuberculosis culture was positive at this time point was
71.4% (15/21), compared with a risk of 7.7% (1/13), corre-
sponding to an RR of 9.3 (95% CI, 1.4-62.2, P=.004). Addi-
tional analyses considered the RRs of culture positivity
adjusting for the following known or potential risk factors for
tuberculosis IRIS: baseline viral load (median, >330 000
copies/mL, equivalent to log;o=5.52, vs <330000), CD4
count (median, <137 cells/uL vs >137), evidence of dissemi-
nated disease in the form of an abnormal chest radiograph
suggesting miliary disease, and duration of illness (median du-
ration, >2 weeks vs <2 weeks). Mycobacterium tuberculosis
culture positivity remained a significant risk factor after ad-
justing for these factors (Supplementary Table 1). There was

no evidence of differences in the RRs according to these
factors after considering culture status. Some TBM-IRIS pa-
tients remained culture positive after 2 weeks (n=7) and 4
weeks (n=2) of tuberculosis treatment. No non-TBM-IRIS
patients were culture positive after starting tuberculosis treat-
ment. All cultures were fully drug sensitive with the exception
of one, which was monoresistant to isoniazid.

Analysis of Baseline CSF Neutrophil Count and Cytokine
Concentrations to Predict TBM-IRIS

Concentrations of the prespecified cytokines from which the
model to predict TBM-IRIS was developed are shown in Sup-
plementary Table 2 and Supplementary Figure 2. The final
multivariate logistic regression model included IFN-y and
TNF-o and produced a cross-validated AUC of 0.91 (95% CI,
.53-.99, P=.02), indicating high diagnostic accuracy when
jointly considering these 2 cytokines to differentiate TBM-
IRIS from non-TBM-IRIS at time of TBM diagnosis. The
odds ratio (OR) for TNF-o. was 1.85 (per 10 pg/mL, P =.006),
indicating an 85% increase in the odds of IRIS for every 10
pg/mL increase in TNF-o (after adjusting for IFN-y). The OR
for IFN-y was 0.64 (per 100 pg/mL, P =.01), indicating de-
creased odds of IRIS with increasing IFN-y (after adjusting for
TNF-a). Figure 3 provides a heatmap representation of the
predicted probabilities of the resulting model with the ob-
served values overlaid. Neutrophil counts produced an AUC
of 0.72 (95% CI, .54-.90, P = .03), indicating modest discrimi-
natory accuracy for TBM-IRIS. However, including CSF neu-
trophil and lymphocyte counts in the model did not improve
its ability to predict TBM-IRIS.

Management and Outcome

In 13 patients prescribed prednisone (0.75-1.5 mg/kg/day),
the dose was increased at TBM-IRIS diagnosis. Prednisone
was restarted at a dose of 1.5 mg/kg/day in the other 3 TBM-
IRIS patients. The median total duration of corticosteroid
treatment in TBM-IRIS patients was 109 days (IQR, 69-141)
compared with 35 days (IQR, 20-43) in non-TBM-IRIS pa-
tients. ART was interrupted during TBM-IRIS in 1 patient
because of brainstem involvement. This patient made a full
recovery and had no recurrent symptoms after recommence-
ment of ART under prednisone cover. At 9 months’ follow-
up, all non-TBM-IRIS patients were alive (including 1 who
had defaulted study follow-up but continued tuberculosis
treatment from a primary care tuberculosis clinic), 2 had
marked cognitive impairment (international HIV dementia
scale <10) [26], and 1 patient had marked cognitive impair-
ment with residual hemiparesis. Twelve IRIS patients (75%)
were alive at 9 months’ follow-up, 2 patients showed marked
cognitive impairment, 1 patient defaulted study follow-up but
was alive, and 1 had marked cognitive impairment, residual
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Figure 2. Serial cerebrospinal fluid (CSF) findings in patients who developed tuberculous meningitis immune reconstitution inflammatory syndrome
(left), and those who did not (right), including protein concentrations (4), CSF to blood glucose ratios (B), neutrophil counts (C), and lymphocyte counts
(D). Significant differences (P<.05) between time points within groups are indicated. Abbreviations: ART; antiretroviral therapy, CSF cerebrospinal fluid;
IRIS; immune reconstitution inflammatory syndrome; TBM, tuberculous meningitis.
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Figure 3. Predictive model for tuberculous meningitis immune reconstitution inflammatory syndrome (TBM-IRIS; patients depicted by gray triangles)
and non-TBM-IRIS (patients depicted by black circles). Tumor necrosis factor—o. and interferon-y concentrations (pg/mL) are reported. Darker gray
indicates greater probability of TBM-IRIS, while lighter gray indicates greater probability of not developing TBM-IRIS. Probabilities associated with
shading are indicated by the legend. The middle line indicates 50% chance of TBM-IRIS, while the upper and lower gray lines indicate probabilities of
90% and 10%, respectively. Observe that when using the median line to classify patients as TBM-IRIS or non-TBM-IRIS, all but 2 TBM-IRIS and 1 non-
TBM-IRIS patients are correctly classified. Several points in the lower left were moved marginally to the right so that all subjects are clearly identifiable.

Abbreviations: IFN, interferon; TNF, tumor necrosis factor.

hemiparesis, and hearing impairment. Death occurred in 4
(25%) TBM-IRIS patients at 33, 53, 60, and 118 days after
TBM diagnosis and was related to TBM-IRIS in 2 patients.
The 2 other deaths were due to a road traffic accident (n=1)
and unknown cause (n = 1). Kaplan-Meier survival analysis by
TBM-IRIS vs non-IRIS (with a log-rank hypothesis test of the
difference in survival between these 2) was nonsignificant.

DISCUSSION

This is the first prospective study of TBM-IRIS. In our cohort,
tuberculosis IRIS presenting as TBM-IRIS (47%), as well as
tuberculosis IRIS involving any organ system (56%), was more
frequent than in previous studies [2-4, 27]. Extrapulmonary
tuberculosis is a risk factor for tuberculosis IRIS [14, 28], and
our cohort included only patients with TBM. A shorter inter-
val between starting tuberculosis treatment and ART (which
was 2 weeks in our study) similarly increases the risk of tuber-
culosis IRIS [2-4]. The high TBM-IRIS incidence we observed

is striking considering that all TBM-IRIS patients were taking
prednisone (1.5 mg/kg/day) at time of ART initiation and 13
of these patients (81%) were taking prednisone (0.75-1.5 mg/
kg/day) at the time of developing TBM-IRIS. Adjunctive corti-
costeroids have been shown to reduce mortality in TBM and
tuberculosis pericarditis, presumably by reducing pathological
host immune responses [21, 29]. In paradoxical tuberculosis
IRIS, the symptomatic benefit of corticosteroids was demon-
strated in a randomized trial in which prednisone was com-
pared to placebo [30]. For these reasons, we anticipated that
prednisone would decrease the risk of tuberculosis IRIS.
TBM-IRIS was associated with a poor outcome; 2 patients
(13%) died as a result of TBM-IRIS, all-cause mortality at 9
months was 25%, and 3 of 11 (27%) survivors examined at 9
months’ follow-up were severely disabled, compared with no
deaths and 3 of 17 (18%) patients with severe morbidity in the
non-TBM-IRIS group. Our findings are similar to a previous
study performed in neurological tuberculosis IRIS [8]. The
poor outcome in at least 44% of TBM-IRIS cases emphasizes
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the need to predict and prevent, and improve the treatment of,
TBM-IRIS.

Low serum sodium concentration is associated with death
in HIV-associated TBM [31]. In our study, serum sodium
concentration was lower in TBM-IRIS patients compared with
non-TBM-IRIS patients at the time of TBM diagnosis. This
may reflect the higher degree of tuberculosis dissemination
observed in TBM-IRIS patients, which could have contributed
to their risk of developing TBM-IRIS.

Our finding of an association between higher CSF neutro-
phils at TBM presentation and subsequent development of
TBM-IRIS provides important and novel insight into the path-
ogenesis of tuberculosis IRIS. Not only were neutrophil counts
higher in TBM-IRIS patients compared with non-TBM-IRIS
patients, but neutrophil percentages for individual patients
were similarly raised in TBM-IRIS. The neutrophil counts
showed dynamic fluctuations over time in TBM-IRIS patients
with a marked decrease on tuberculosis treatment, and a strik-
ing increase at TBM-IRIS onset. Similar changes in lympho-
cyte counts were not observed. Studies of tuberculosis IRIS
have hitherto focused on the contribution of helper T-cell
type 1 lymphocyte responses [32, 33]. However, a role for
myeloid cells in tuberculosis IRIS is suggested by a case report
of a patient who died from unmasking pulmonary tuberculosis
IRIS; postmortem histological examination of diseased lung
showed a marked macrophage infiltrate [34]. We have found
cytokines of predominantly myeloid origin (IL-6 and TNF-o)
to be consistently elevated in patients with tuberculosis IRIS,
compared with those who did not develop IRIS [23]. Oliver
et al [6] also reported an association between plasma cytokines
(interleukin 18) and chemokines (CXCL-10) of the innate
immune system and tuberculosis IRIS. In an animal model,
immune reconstitution following transfer of mycobacteria-
specific CD4 T cells to T-cell-deficient mice infected with
Mpycobacterium avium was associated with marked increases
of both blood and lung CD11b cells (likely representing in-
flammatory monocytes and neutrophils) [35]. Our results
suggest that neutrophils contribute to tuberculosis IRIS patho-
genesis. The combination of high CSF TNF-a and low IFN-y
concentrations at the time of TBM diagnosis predicted TBM-
IRIS in this cohort. Simmons et al [36] reported a negative
correlation between CSF IFN-y and mortality in HIV-infected
patients with TBM. Conversely, a positive correlation was
found between CSF IFN-y and TNF-a concentrations and
TBM disease severity by others [37].

Several studies have shown an association between dissemi-
nated and extrapulmonary tuberculosis and subsequent tuber-
culosis IRIS [14, 28, 38, 39]. At TBM diagnosis, CSF M.
tuberculosis culture positivity, which reflects mycobacterial
antigen load, was a major risk factor for developing TBM-IRIS
(RR=9.3). Furthermore, 7 TBM-IRIS patients (44%) were

persistently CSF M. tuberculosis culture positive after 2 weeks
of tuberculosis treatment and 2 patients (13%) remained
culture positive after 4 weeks of tuberculosis treatment. This
strongly supports the inference that a high M. tuberculosis ba-
cillary load at time of starting ART is a risk factor for tubercu-
losis IRIS [40]. The findings suggest it important to optimize
tuberculosis treatment prior to starting ART in patients at
high risk of developing TBM-IRIS.

We acknowledge several limitations. Because of the relative-
ly small sample size, the study may not have been powered to
detect further differences between IRIS and non-TBM-IRIS
patients. Only patients with less severe disease (BMRC TBM
grade 1 and 2) and those without contraindications to lumbar
puncture were enrolled, resulting in the exclusion of a signifi-
cant proportion of TBM patients presenting in our setting
[41]; our results may therefore not be generalizable to ART-
naive patients presenting with severe HIV-associated TBM.
The model to predict TBM-IRIS needs further validation and
exploration with independent data.

In conclusion TBM-IRIS complicated the course of treat-
ment of HIV-associated TBM in nearly half our patients,
despite the use of adjunctive corticosteroid therapy. The mani-
festations were severe, fatal in 2 cases. The occurrence of
TBM-IRIS associated with CSF M. tuberculosis culture positiv-
ity and a high neutrophil count at both baseline and at the
time of TBM-IRIS. The baseline relationship between CSF
TNF-o and IFN-y predicted TBM-IRIS. These observations
provide novel insight into the pathogenesis of this condition
and provide rationale to individualize ART beyond 2 weeks in
this devastating, partly iatrogenic, condition.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online
(http://'www.oxfordjournals.org/our_journals/cid/). Supplementary materi-
als consist of data provided by the author that are published to benefit the
reader. The posted materials are not copyedited. The contents of all sup-
plementary data are the sole responsibility of the authors. Questions or
messages regarding errors should be addressed to the author.

Notes

Acknowledgments. We thank the patients who participated in the
study and Monica Magwayi for care provided to patients during the study.
We also thank the Radiology Department at GF Jooste Hospital, in particu-
lar Dr Ashmitha Rajkumar and Dr Marisa Mezzabotta, who reported the
brain imaging.

Disclaimer. The funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Financial support. This work was supported by the Carnegie Corpo-
ration Training Award and Discovery Foundation Academic Fellowship
Award (S. M.); Perinatal HIV Research Unit, the US Agency for Interna-
tional Development, and the President’s Emergency Plan for AIDS Relief
(S. M, D. J. P, and C. S.); Wellcome Trust (S. M., R. J. W,, and G. M.,
WT 097254, 081667, 084323, and 088316); Fogarty International Center
South Africa TB/AIDS Training Award (G. M., D. J. P, and C. S., NIH/

458 o CID 2013:56 (1 February) e HIV/AIDS

€10T ‘6 Arenuef uo soureiqr umo, ade)) jo ANSIOATU() Je /310" S[euInop1oyxo pro//:dyy woiy papeofumoq



FIC U2R TW007373-01A1 and U2R TW007370-01A1); European Union
Grant (R. J. W., SANTE/2005/105-061-102); Medical Research Council
Grant (R.]J. W, U.1175.02.002.00014.01).

Potential conflicts of interest. All authors: No reported conflicts.

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

References

1. Meintjes G, Lawn SD, Scano F, et al. Tuberculosis-associated immune
reconstitution inflammatory syndrome: case definitions for use in re-
source-limited settings. Lancet Infect Dis 2008; 8:516-23.

2. Blanc FX, Sok T, Laureillard D, et al. Earlier versus later start of anti-
retroviral therapy in HIV-infected adults with tuberculosis. N Engl ]
Med 2011; 365:1471-81.

3. Havlir DV, Kendall MA, Ive P, et al. Timing of antiretroviral therapy
for HIV-1 infection and tuberculosis. N Engl ] Med 2011; 365:
1482-91.

4. Abdool Karim SS, Naidoo K, Grobler A, et al. Integration of antiretro-
viral therapy with tuberculosis treatment. N Engl ] Med 2011;
365:1492-501.

5. Meintjes G, Rabie H, Wilkinson R], Cotton MF. Tuberculosis-associat-
ed immune reconstitution inflammatory syndrome and unmasking of
tuberculosis by antiretroviral therapy. Clin Chest Med 2009;
30:797-810.

6. Oliver BG, Elliott JH, Price P, et al. Mediators of innate and adaptive
immune responses differentially affect immune restoration disease as-
sociated with Mycobacterium tuberculosis in HIV patients beginning
antiretroviral therapy. J Infect Dis 2010; 202:1728-37.

7. Asselman V, Thienemann F, Pepper DJ, et al. Central nervous system
disorders after starting antiretroviral therapy in South Africa. AIDS
2010; 24:2871-6.

8. Pepper DJ, Marais S, Maartens G, et al. Neurologic manifestations of
paradoxical tuberculosis-associated immune reconstitution inflamma-
tory syndrome: a case series. Clin Infect Dis 2009; 48:¢96-107.

9. Torok ME, Kambugu A, Wright E. Immune reconstitution disease of
the central nervous system. Curr Opin HIV AIDS 2008; 3:438-45.

10. Dautremer ], Pacanowski J, Girard PM, Lalande V, Sivignon F,
Meynard JL. A new presentation of immune reconstitution inflamma-
tory syndrome followed by a severe paradoxical reaction in an HIV-1-
infected patient with tuberculous meningitis. AIDS 2007; 21:381-2.

11. Tuon FF, Mulatti GC, Pinto WP, de Siqueira Franca FO, Gryschek
RC. Immune reconstitution inflammatory syndrome associated with
disseminated mycobacterial infection in patients with AIDS. AIDS
Patient Care STDS 2007; 21:527-32.

12. Lee CH, Lui CC, Liu JW. Immune reconstitution syndrome in a
patient with AIDS with paradoxically deteriorating brain tuberculoma.
AIDS Patient Care STDS 2007; 21:234-9.

13. Crump JA, Tyrer MJ, Lloyd-Owen SJ, Han LY, Lipman MC, Johnson
MA. Miliary tuberculosis with paradoxical expansion of intracranial
tuberculomas complicating human immunodeficiency virus infection
in a patient receiving highly active antiretroviral therapy. Clin Infect
Dis 1998; 26:1008-9.

14. Manosuthi W, Kiertiburanakul S, Phoorisri T, Sungkanuparph S.
Immune reconstitution inflammatory syndrome of tuberculosis
among HIV-infected patients receiving antituberculous and antiretro-
viral therapy. ] Infect 2006; 53:357-63.

15. Vidal JE, Cimerman S, Schiavon Nogueira R, et al. Paradoxical reac-
tion during treatment of tuberculous brain abscess in a patient with
AIDS. Rev Inst Med Trop Sao Paulo 2003; 45:177-8.

16. Marais S, Scholtz P, Pepper DJ, Meintjes G, Wilkinson R], Candy S.
Neuroradiological features of the tuberculosis-associated immune re-
constitution inflammatory syndrome. Int J Tuberc Lung Dis 2010;
14:188-96.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

. Torok ME, Yen NT, Chau TT, et al. Timing of initiation of antiretro-

viral therapy in human immunodeficiency virus (HIV)-associated
tuberculous meningitis. Clin Infect Dis 2011; 52:1374-83.

. Torok ME, Farrar JJ. When to start antiretroviral therapy in HIV-

associated tuberculosis. N Engl ] Med 2011; 365:1538-40.

. Médecins Sans Frontiéres, Western Cape Province Department of

Health, City of Cape Town Department of Health, and University of
Cape Town Infectious Disease Epidemiology Unit. Comprehensive
TB/HIV services at primary health care level, Khayelitsha annual ac-
tivity report: 2007-2008. Available at: http:/www.msf.or.jp/info/
pressreport/pdf/2009_hiv01.pdf Accessed 28 October 2012.

Bhigjee Al, Padayachee R, Paruk H, Hallwirth-Pillay KD, Marais S,
Connoly C. Diagnosis of tuberculous meningitis: clinical and laborato-
ry parameters. Int J Infect Dis 2007; 11:348-54.

Thwaites GE, Nguyen DB, Nguyen HD, et al. Dexamethasone for the
treatment of tuberculous meningitis in adolescents and adults. N Engl
] Med 2004; 351:1741-51.

Antimycobacterials. In: Gibbon CJ, Blockman M, eds. South African
medicines formulary. 8th ed. Cape Town, South Africa: Division of
Clinical Pharmacology, Faculty of Health Sciences, University of Cape
Town, 2008:301-2.

Tadokera R, Meintjes G, Skolimowska KH, et al. Hypercytokinaemia
accompanies HIV-tuberculosis immune reconstitution inflammatory
syndrome. Eur Respir ] 2011; 37:1248-59.

Meintjes G, Skolimowska KH, Wilkinson KA, et al. Corticosteroid-
modulated immune activation in the tuberculosis immune reconstitu-
tion inflammatory syndrome. Am J Respir Crit Care Med 2012;
186:369-77.

Simon RM, Korn EL, McShane LM, Radmacher MD, Wright GW,
Zhao Y. Class prediction. In: Dietz K, Samet J, Gail M, et al, eds.
Design and analysis of DNA microarray investigations. 1st ed.
New York: Springer, 2004:108-14.

Sacktor NC, Wong M, Nakasujja N, et al. The International HIV De-
mentia Scale: a new rapid screening test for HIV dementia. AIDS
2005; 19:1367-74.

Muller M, Wandel S, Colebunders R, Attia S, Furrer H, Egger M.
Immune reconstitution inflammatory syndrome in patients starting
antiretroviral therapy for HIV infection: a systematic review and meta-
analysis. Lancet Infect Dis 2010; 10:251-61.

Burman W, Weis S, Vernon A, et al. Frequency, severity and duration
of immune reconstitution events in HIV-related tuberculosis. Int |
Tuberc Lung Dis 2007; 11:1282-9.

McGee S, Hirschmann J. Use of corticosteroids in treating infectious
diseases. Arch Intern Med 2008; 168:1034-46.

Meintjes G, Wilkinson RJ, Morroni C, et al. Randomized placebo-
controlled trial of prednisone for paradoxical tuberculosis-associated
immune reconstitution inflammatory syndrome. AIDS 2010; 24:
2381-90.

Torok ME, Chau TT, Mai PP, et al. Clinical and microbiological fea-
tures of HIV-associated tuberculous meningitis in Vietnamese adults.
PLoS One 2008; 3:¢1772.

Bourgarit A, Carcelain G, Martinez V, et al. Explosion of tuberculin-
specific Thl-responses induces immune restoration syndrome in tu-
berculosis and HIV co-infected patients. AIDS 2006; 20:F1-7.
Meintjes G, Wilkinson KA, Rangaka MX, et al. Type 1 helper T cells
and FoxP3-positive T cells in HIV-tuberculosis-associated immune re-
constitution inflammatory syndrome. Am ] Respir Crit Care Med
2008; 178:1083-9.

Lawn SD, Wainwright H, Orrell C. Fatal unmasking tuberculosis
immune reconstitution disease with bronchiolitis obliterans organizing
pneumonia: the role of macrophages. AIDS 2009; 23:143-5.

Barber DL, Mayer-Barber KD, Antonelli LR, et al. Thl-driven
immune reconstitution disease in Mycobacterium avium-infected
mice. Blood 2010; 116:3485-93.

Simmons CP, Thwaites GE, Quyen NT, et al. Pretreatment intracere-
bral and peripheral blood immune responses in Vietnamese adults

HIV/AIDS e CID 2013:56 (1 February) e 459

£10T ‘6 Arenue[ uo soLeIqr] umo, 2deD) Jo AJISIOATUQ) 18 /310 S[eunolpIoyxo proy/:dyy woiy papeojumocg



37.

38.

with tuberculous meningitis: diagnostic value and relationship to
disease severity and outcome. ] Immunol 2006; 176:2007-14.

Patel VB, Bhigjee Al Bill PL, Connolly CA. Cytokine profiles in HIV
seropositive patients with tuberculous meningitis. ] Neurol Neurosurg
Psychiatry 2002; 73:598-9.

Breton G, Duval X, Estellat C, et al. Determinants of immune recon-
stitution inflammatory syndrome in HIV type 1-infected patients with
tuberculosis after initiation of antiretroviral therapy. Clin Infect Dis
2004; 39:1709-12.

39.

40.

41.

Michailidis C, Pozniak AL, Mandalia S, Basnayake S, Nelson MR,
Gazzard BG. Clinical characteristics of IRIS syndrome in patients with
HIV and tuberculosis. Antivir Ther 2005; 10:417-22.

Lawn SD, Meintjes G. Pathogenesis and prevention of immune recon-
stitution disease during antiretroviral therapy. Expert Rev Anti Infect
Ther 2011; 9:415-30.

Marais S, Pepper DJ, Schutz C, Wilkinson R], Meintjes G. Presenta-
tion and outcome of tuberculous meningitis in a high HIV prevalence
setting. PLoS One 2011; 6:e20077.

460 o CID 2013:56 (1 February) e HIV/AIDS

€10T ‘6 Arenuef uo soureiqr umo, ade)) jo ANSIOATU() Je /310" S[euInop1oyxo pro//:dyy woiy papeofumoq






Chapter 6

Page | 101






Neutrophil-associated central nervous system
inflammation in tuberculous meningitis immune
reconstitution inflammatory syndrome: A
prospective observational study

Introduction

As a consequence of rapid scale-up of antiretroviral therapy (ART)
programs, tuberculosis-associated immune reconstitution inflammatory
syndrome (TB-IRIS) is a significant contributor to the health-care burden
in high TB/HIV co-infection settings.’® Paradoxical TB-IRIS presents as
clinical deterioration after starting ART in TB patients who have improved
or stabilized on TB treatment prior to ART initiation.* This deterioration
occurs in the context of a rapid restoration of Mycobacterium tuberculosis-
specific immune responses. The central nervous system (CNS) is
commonly affected by TB-IRIS with 12-31% of TB-IRIS cases experiencing
neurological deterioration.>” Neurological TB-IRIS is the most severe form
of TB-IRIS, with an associated mortality of 13-75%,%°7 as opposed to the

3.2% estimate for all forms of paradoxical TB-IRIS combined.?

Although recent studies have advanced our understanding of TB-IRIS
through the identification of several cellular, immunological and genetic
factors that associate with the syndrome, the immunopathogenesis
remains incompletely defined and no diagnostic test exists.® Thus far
explorations of the immune response in TB-IRIS pathogenesis have been
of those measured in the blood compartment, which is likely an incomplete
representation of the immune response in affected tissues, e.g. lungs or
CNS. The objective of this study was to better understand the pathogenesis

of tuberculous meningitis (TBM)-IRIS. We hypothesised that cerebrospinal
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fluid (CSF) inflammatory mediator concentrations will be increased in TBM
patients who develop TBM-IRIS, compared to patients who do not develop

TBM-IRIS.

Methods

Study design, setting and participants

We conducted a prospective, observational study at a public sector referral
hospital in Cape Town, South Africa. ART-naive HIV-infected adults who
presented with TBM were recruited over a 20-month period. A detailed
description of the clinical methods has previously been published.®
Tuberculous meningitis was diagnosed according to a published case
definition.® ART-naive HIV-infected adults without meningitis who presented
with symptoms and/or signs necessitating a lumbar puncture (LP) were
enrolled as control participants. The University of Cape Town Human
Research Ethics Committee approved the study (232/2008). Additional

details on participants are available in the appendix.

Procedure

We investigated serial inflammatory mediators in CSF (40 mediators) and
blood (833 mediators) from HIV-associated TBM patients who started ART
while on TB treatment. Paired samples were collected from patients who
presented with TBM at three to five timepoints shown in Figure 1. Samples
were collected at one timepoint in control participants. Samples were

stored at -80°C and analyzed in batches as detailed below.

The primary outcome measure was CSF mediator concentrations in TBM

patients who did and did not develop TBM-IRIS at time of TBM-IRIS (TBM-
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IRIS patients) and two weeks after ART initiation (TBM-non-IRIS patients).
The two weeks after ART initiation timepoint in TBM-non-IRIS patients was
informed by the median time (14 days after ART initiation) reported for TB-
IRIS development.* Secondary analyses of CSF and blood results were
as follows: i) Baseline results were compared between TBM patients and
control patients; ii) Within the TBM group, results were compared between
TBM-IRIS and TBM-non-IRIS patients at TBM diagnosis and 2 weeks later
(i.e. day of starting ART); Within the TBM-IRIS and TBM-non-IRIS groups,
results were compared longitudinally between all timepoints; Within all
groups (i.e. TBM, control, TBM-IRIS and TBM-non-IRIS) blood results were

compared to CSF results at all timepoints.

Mediators analysed in CSF and serum by Luminex multiplex included:
tumor necrosis factor (TNF), interferon (IFN)-y, interleukin (IL)-2, IL-4, IL-
10, IL-13, IL-1B, IL-6, IL-12p40, IL-17, IFN-a2, C-C chemokine 2 ligand
(CCL2), CCL3, CCL4, C-X-C chemokine ligand 1-3 (CXCL1-3), CXCLS,
granulocyte colony-stimulating factor (G-CSF), granulocyte-macrophage
(GM)-CSF. Matrix metalloproteinases (MMP)-1, -2, -3, -7, -9, -10, -12, and
-13, and tissue inhibitors of matrix metalloproteinases (TIMP)-1 and -2
were measured in CSF and plasma by Luminex multiplex. Luminex assays
were performed in 96-well filter plates on the Bio-Plex platform (Bio-Rad
Laboratories, Hercules, CA, USA) using customized Milliplex™ kits (Millipore,
St Charles, MO, USA). Mediators measured by ELISA in CSF and serum
included: CXCL10, IL-22 and IL-23 (R & D Systems, Minneapolis, USA); IL-
21 (BioLegend, San Diego, USA); and IL-12p70 and IL-17A (high sensitivity
assay) (eBioscience, Inc., San Diego, USA). CSF was also analysed
by ELISA for IL-18 (Medical and Biological Laboratories Co, Naka-ku

Nagoya, Japan) and neutrophil-associated mediators: cathepsin G (DRG
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Diagnostics, Marburg, Germany); lipocalin-2 (RayBiotech inc. Norcross,
USA); and LL-37, human neutrophil peptides (HNP) 1-3, complement (C)
5a, and S100A8/A9 (Hycult Biotech inc., Uden, The Netherlands). See

appendix for supplementary methods.

Statistical analysis

As no TBM-IRIS pilot data were available for statistical powering at study
inception, we based our power calculations on previous TBM studies that
determined CSF cytokine concentrations at TBM diagnosis'' and fold
reductions in CSF cytokine concentrations on TB treatment.'? We estimated
that for the primary analysis, a sample size of 15 patients in each group
(TBM-IRIS and TBM-non-IRIS) was needed to detect a 2-1 fold difference
in mediator concentrations, with B=0-8 and a=0-05. Statistical analysis was
performed using GraphPad Prism version 5 (Graphpad software, inc.) and
R version 3-0." Variables were compared between groups using Wilcoxon
rank-sum tests. Variables between timepoints, and between blood and
CSF compartments, within groups were compared using Wilcoxon
matched-pairs tests. Correlations were estimated by Kendall’s tau (T).
Unsupervised agglomerative hierarchical clustering using complete
linkage and Euclidean distance measure on all included mediators in CSF
and individuals was performed. Clusterwise stability was assessed by two
resampling schemes (bootstrap and subsetting; 100 resampling runs) and
the Jaccard similarities computed.' ' Throughout, an unadjusted p-value
of less than 0-05 was used as a nominal threshold for statistical significance,
except for the correlation analysis which reports false discovery rate-
adjusted (Benjamini and Hochberg) p-values.'® Due to the large number of
statistical tests the p-value should be used for guidance in interpretation

rather than finality. See appendix for details on multivariate analysis.
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Role of the funding source

The sponsors had no role in study design; data collection, analysis
and interpretation; writing of the manuscript or the decision to submit
for publication and accept no liability whatsoever in this regard. The
corresponding author had full access to all the data in the study and had

the final responsibility for the decision to submit for publication.

Results

Details of recruitment, clinical characteristics and follow-up were previously
reported for the TBM group.® Eighteen patients with no meningitis were
enrolled as controls. These patients were seen once (at presentation) only.
Due to limited space on mediator analysis plates, 4/18 control patients were
excluded from the analysis. To match the CD4 counts of TBM patients,
the 14 controls with the lowest CD4 counts were selected for analysis.
The demographic characteristics and baseline blood results of TBM (n=34)
and control (n=14) patients are presented in Table 1. Sixteen TBM patients
developed TBM-IRIS, a median of 14 days (IQR, 4-20) after starting ART,
whilst 18 did not.® Of note, 15/16 TBM-IRIS and 6/18 TBM-non-IRIS patients

cultured M. tuberculosis from CSF at TBM diagnosis.

IL-2, IL-4, IL-12p70, IL-13, IL-21, IL-23, MMP-12, and MMP-13 were
excluded from all analyses due to minimal or no detection in CSF and blood
at all timepoints (see appendix for further details). When comparing TBM
patients (i.e. TBM-IRIS and TBM-non-IRIS combined) to patients with no
meningitis at presentation, TBM patients had significantly higher (p<0-05)
CSF concentrations of 28/32 mediators; only CCL2 and IL-17 were similar,

and IL-18 and C5a had medians equal to zero in both groups (appendix
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Table S2). Conversely, only 6/25 mediators in blood were different between
groups; IFN-y, IL-6, CXCL8, CXCL10, and MMP-3 concentrations were
higher in TBM patients (p<0-05), whilst CCL2 was higher in controls
(p=0-045).

Within the TBM group at the time of TBM diagnosis, cytokine and
chemokine concentrations were significantly higher in CSF than in blood
with the exception of IL-12p40, which showed comparable levels in blood
and CSF, and CXCL1-3, which showed a higher trend (p=0-056) in blood
(appendix Table S2). Conversely, of the MMP, MMP-1, -2 -3, -7 and -10
levels were significantly higher in blood compared to CSF, and only MMP-
9 as well as its inhibitor TIMP-1, were increased in CSF relative to blood
(p<0-001). Within the control group, blood cytokine, chemokine, MMP,
and TIMP concentrations were either similar to, or increased compared to
CSF concentrations, with the exceptions of G-CSF, IFN-a2, CCL2, CCLS,
and CXCL8 that were higher in CSF. Consistent with the combined TBM
group, a highly compartmentalized inflammatory response was seen in
both subgroups when dividing the TBM group into those who did and did
not subsequently develop TBM-IRIS (Figure 2 and appendix Tables S3, S4
and S5).

At the time of TBM diagnosis the group who subsequently developed TBM-
IRIS showed significantly increased CSF Th1 (IFN-y, IL-18) and other pro-
inflammatory cytokines (TNF, IL-6, IL-1B, G-CSF and GM-CSF), IFN-a2,
chemokines (CCL2, -3, -4 and CXCL1-3, -8, -10), neutrophil-associated
mediators (HNP1-3, lipocalin-2, C5a and S100A8/A9), MMP-1, -7 and
-10, and TIMP-1 and -2, compared to TBM patients who did not develop
TBM-IRIS (Figure 2 and appendix Table S3). Figure 3 and appendix Table
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S6 show the changes in CSF mediator concentrations over time for TBM-
IRIS and TBM-non-IRIS patients. In both groups there was a significant
decrease of the majority of mediators tested in CSF during TB treatment
prior to starting ART. However, IL-12p40 and IL-17A showed a significant
increase from baseline in TBM-IRIS, but not in TBM-non-IRIS patients,

prior to starting ART.

At TBM-IRIS presentation (compared to two weeks after ART initiation in
TBM-non-IRIS patients), TBM-IRIS patients showed significantly higher
CSF concentrations for all mediators (31/32) except IFN-a2 (Figure 2
and appendix Table S5). ART was associated with marked rises in CSF
inflammatory mediator concentrations in TBM-IRIS patients, despite
adjunctive corticosteroid therapy (13/16 patients were still receiving
prednisone), such that concentrations reached similar or higher levels
at TBM-IRIS presentation, approximately two weeks after ART initiation,
compared to those at TBM presentation (appendix Table S6A). Conversely,
in TBM-non-IRIS there were no significant CSF changes observed between
starting ART and two weeks thereafter (appendix Table S6B). Moreover,
when comparing findings between samples taken two weeks after starting
ART to those from TBM diagnosis in TBM-non-IRIS, a significant decrease
in CSF concentrations of G-CSF, GM-CSF, CCL3, CCL4, TNF, IFN-y, IL-
6, CXCL8, CXCL10, lipocalin-2, S100A8/A9, MMP-10, and TIMP-1 was
noted. This suggests that the rise in CSF mediators observed in TBM-
IRIS two weeks following ART reflected IRIS development, not simply ART

prescription.

Samples taken two weeks after TBM-IRIS presentation were available for

analysis in 10/16 TBM-IRIS patients as death (n=1) and contra-indication
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to LP (n=5) precluded CSF sampling in the others. Compared to mediator
concentrations at TBM-IRIS presentation (when prednisone was restarted
or the dose increased), the only significant changes in CSF mediators were
decreased concentrations of G-CSF (p=0-039) and LL-37 (p=0-016), two
weeks post TBM-IRIS.

At TBM diagnosis, blood concentrations were similar between TBM-
IRIS and TBM-non-IRIS with the exception of IFN-a2 (p=0-030), CXCL8
(p=0-0049), and MMP-1 (p=0-037), which were higher in TBM-IRIS patients
(Figure 2 and appendix Table S3). CXCL8 remained elevated in TBM-IRIS at
time of starting ART (p=0-017; Figure 2 and appendix Table S4). Two weeks
after starting ART, CCL4, TNF, IFN-y, MMP-7 (p-value for all<0-05, >0-01),
and CXCL8 and CXCL10 (p-value for both <0-01, >0-001) were elevated
in blood of TBM-IRIS compared to TBM-non-IRIS patients, whilst TIMP-2
was higher in TBM-non-IRIS (p=0-046, Figure 2 and appendix Table S5).

Unsupervised hierarchical clustering of TBM patients by CSF mediators
showed that TBM-non-IRIS patients who were culture positive for M.
tuberculosis from CSF at TBM diagnosis tended to cluster with TBM-IRIS
patients at all timepoints (Figure 4 and Jaccard similarity indexes are shown
in appendix Table S7). TBM-non-IRIS patients who were culture-positive
showed mediator profiles more similar to TBM-IRIS patients than to culture-
negative TBM-non-IRIS patients, at TBM diagnosis (appendix Table S8),
and further had increasing concentrations of a number of mediators after
starting ART (Figure 3). Appendix Table S9 shows the similarities between
CSF findings in CSF culture-positive TBM-non-IRIS patients and TBM-
IRIS patients, and the differences between culture-positive and culture-

negative TBM-non-IRIS patients, two weeks after starting ART. Of note,
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neutrophil counts and S100A8/A9 distinguished culture-positive TBM-non-
IRIS patients from TBM-IRIS patients: neutrophils differentiated them at
baseline (median [IQR], 3 [0-14] vs 38 [11-117] cells x 10%/L, p=0-020) and
at two weeks after ART initiation (2 [0-11] vs 52 [17-244] cells x 10°/L,
p=0-0027), while S100A8/A9 differentiated them two weeks after ART
(15346 [0-19152] vs 33500 [27000-48000] pg/ml, p=0-001).

Correlation analyses showed no biologically significant correlations
between neutrophil and lymphocyte counts and mediator concentrations in
CSF of TBM-IRIS and TBM-non-IRIS patients over time (appendix Figures
S1-3 and Table S10).

Discussion

This is the only comprehensive analysis to date of serial CSF and blood
immune mediators in TBM-IRIS. Neutrophils, lymphocytes and total protein
concentrations,® as well as 31/32 analysed mediators (all except IFN-a2),
were elevated in TBM-IRIS compared to TBM-non-IRIS patients two weeks
after starting ART. This widespread upregulation of diverse mediators of
diverse cellular functions suggests that both innate and adaptive immune

responses are involved in TBM-IRIS pathogenesis.

Adjunctive corticosteroid treatment is associated with reduced short-
term mortality in HIV-uninfected patients with TBM," and symptomatic
improvement in TB-IRIS." In our study, an increased inflammatory response
was observed after ART initiation in TBM-IRIS patients despite adjunctive
corticosteroid therapy. Furthermore, a decrease of only two mediators was
observed two weeks after corticosteroids were increased or restarted at

TBM-IRIS presentation. Previous studies in TBM patients also found little
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effect of corticosteroids on CSF cytokine or chemokine concentrations.'
Cerebrospinal fluid concentrations of MMP-9 were shown to decrease in
patients on dexamethasone compared to controls early during the treatment
of TBM and it was postulated that this may represent a mechanism by which
corticosteroids improve outcome in these patients.'® However, in our study
MMP-9 did not change after TB treatment (plus corticosteroid) initiation
in either TBM-IRIS or TBM-non-IRIS patients, and increased significantly
after ART initiation in the TBM-IRIS group. These findings suggest that
immunomodulatory treatment options more potent and specific than
corticosteroids need to be derived for the prevention and/or management

of TBM-IRIS.

As previously reported for extra-pulmonary TB, including TBM,'" pleural™
and pericardial TB,?° a highly compartmentalized inflammatory response in
CSF was seen in patients with TBM. Relatively fewer differences between
TBM-IRIS and TBM-non-IRIS groups were observed for mediators in
blood compared to the differences observed in CSF. Corticosteroids do
modulate blood inflammatory responses in TB/HIV co-infected persons?' 22
and likely further attenuated differences between these groups subsequent
to TBM presentation once patients were started on TB treatment and

corticosteroids.

High baseline CSF mycobacterial load (reflected by M. tuberculosis culture
positivity) is a risk factor for subsequent TBM-IRIS in TBM patients.®
This is similar to cryptococcal meningitis (CM)-IRIS where high CSF
fungal loads (reflected by quantitative culture) at time of CM diagnosis
also predict subsequent IRIS.?®* However, unlike the highly inflammatory

baseline presentation being predictive of TBM-IRIS, paradoxical CM-IRIS
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is predicted by a paucity of inflammation at CM diagnosis as evidenced by
a lack of CSF leukocytes and/or normal protein level 2224 and lower serum
levels of pro-inflammatory cytokines and chemokines (IL-6, CXCL8, TNF,
and IFN-y).2* These differing findings in TBM and CM suggest more than

one pathogenic mechanism underlies neurological forms of IRIS.

In this study TBM-non-IRIS patients who were culture-positive for M.
tuberculosis from CSF at TBM diagnosis tended to have higher baseline
mediator concentrations than culture-negative TBM-non-IRIS patients and
showed a recurrent inflammatory response after ART initiation, reaching
levels of magnitude comparable to those in TBM-IRIS two weeks after ART
initiation. These increases in mediator concentrations were not seen in
culture-negative TBM-non-IRIS patients. Drug choice, doses and the route
of administration in TBM are based on the same principles as pulmonary
TB, rather than being informed by randomized controlled trials in TBM.2> Our
data supports increased research into antimicrobial regimens containing
higher-than-normal dose rifampicin as well as a fluoroquinolone.?®27 Given
that mycobacterial load drives inflammation on ART it is plausible that
improving early mycobacterial clearance from the CNS in HIV-associated
TBM patients through a more potent TBM drug regimen may decrease the

risk of TBM-IRIS.

Although initial studies explored the role of lymphocytes in TB-IRIS
pathogenesis, increasing evidence implicates the innate immune system
as an important contributor,® and it is proposed that neutrophils mediate
TB pathology.?® Based on these results and the association we found
between CSF neutrophils and TBM-IRIS,® we investigated neutrophil-
associated mediators in the CSF of our cohort. S100A8/A9, HNP 1-3,
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lipocalin-2 and C5a were increased at TBM diagnosis, and all measured
neutrophil-associated mediators were increased two weeks after starting
ART, in TBM-IRIS compared to TBM-non-IRIS patients. Unlike the other
neutrophil-associated mediators but similar to neutrophils, S100A8/A9
was also increased in TBM-IRIS compared to TBM-non-IRIS patients with
baseline CSF culture-positivity two weeks after ART initiation, when TBM-
IRIS usually presents. Given these findings, we hypothesise that S100A8/
A9, through its interaction with neutrophils, contributes to the recurrent
CSF inflammatory response that manifests as clinical deterioration in
patients with TBM-IRIS. S100A8/A9 is a protein complex that appears
to have prominent immune regulatory properties, such as neutrophil
chemoattraction and stimulation.?® Several studies have shown that
serum S100A8/A9 is increased in HIV-uninfected pulmonary TB patients
compared to controls, and that concentrations correlated with radiographic
severity.®® 3" In a murine model of TB, IL-17-induced S100A8/A9 was a
key factor in neutrophil accumulation and exacerbated lung inflammation
through inducing pro-inflammatory cytokines.®' Given that IL-17 may
therefore be important in TBM-IRIS pathogenesis, but considering the
low concentrations previously found during in vivo studies in blood®® 32 as
well as site-of-disease samples (i.e. pericardial and pleural fluid)?® in TB
patients, we measured IL-17A with a high sensitivity assay. Cerebrospinal
fluid IL-17A concentrations increased significantly over time in the TBM-
IRIS group, reaching concentrations more than eight-fold that of TBM
diagnosis at TBM-IRIS presentation; while an opposite trend was seen in
TBM-non-IRIS patients. These findings support previous suggestions that

IL-17 may be important in TB-IRIS pathogenesis.*?

The role of MMP as key mediators of TB pathology has attracted interest
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recently,®® and their association with TB-IRIS has been reported.’** MMP
degrade extracellular matrix components,® and their activity is regulated
by synchronously expressed TIMP.%¢ In our study, MMP-1 and -9 and TIMP-
1 and -2 were persistently elevated in the CSF of TBM-IRIS compared to
TBM-non-IRIS patients at all timepoints. Furthermore, all MMP as well as
the MMP-9:TIMP-1 ratio showed a significant increase after starting ART in
CSF of TBM-IRIS patients. In a previous study of TB-IRIS patients, MMP-
7 was elevated in serum from TB-IRIS patients in vivo.** We hypothesize
that MMP contribute to the excessive CSF inflammation observed in TBM-
IRIS patients; evidence suggests that MMP not only facilitate blood-brain-
barrier disruption, which results in leucocyte influx,*:%® but also upregulate
microglial secretion of cytokines.*® Furthermore, elevated CSF MMP-940-42
and MMP-2% concentrations and increased MMP-9:TIMP-1 ratios*' have
been associated with poorer outcome, including death*? and neurological

complications, in TBM patients.*% 4

While this is the first comprehensive analysis hitherto of disease site
coupled with blood immune mediators in TB-IRIS, we acknowledge certain
limitations. We did not include HIV-uninfected patients with TBM as controls
and we excluded patients with neurological deterioration prior to starting
ART. We were therefore unable to compare the inflammatory response in
TBM-IRIS to that of the “paradoxical reaction” characterized by neurological
deterioration and which can occur in both HIV-infected and -uninfected
patients with TBM after starting TB treatment.*® This is a descriptive study
of mediators in TBM patients over time; cellular contributions to mediator
production in CSF and blood compartment were not determined by

functional experiments and will be the focus of future studies.
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Our findings have several important implications. Firstly, adjunctive oral
corticosteroid therapy during TBM treatment is insufficient to prevent, or to
rapidly reduce, the marked inflammatory response that characterizes TBM-
IRIS; in addition to investigations of different corticosteroid doses and routes
of administration in the management of severe TB-IRIS cases by randomized
trials, alternative immunomodulatory therapies should be explored for the
prevention and treatment of the disease. Secondly, although the adaptive
immune system appears to be activated in TBM-IRIS, the sequence of
immunological events in the CNS suggests a major contribution of the
innate response in this condition. CSF neutrophils, which may be driven
through a IL-17 and S100A8/A9-dependent pathway, associate with the
most severe CNS inflammation manifesting as TBM-IRIS; these findings
are likely to direct future research into TB-IRIS immunopathogenesis and

management strategies.
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Panel: Research in context
Systematic review
We searched Pubmed up to Dec 2013, with no date limits set, with

[13

the terms tuberculosis and immune reconstitution inflammatory
syndrome”, “tuberculosis and immune restoration disease”, tuberculosis-
associated immune reconstitution syndrome”, “tuberculous meningitis”,
and “neurological tuberculosis”. We also searched reference lists of
identified papers. We included studies published in English that assessed
tuberculosis-associated immune reconstitution inflammatory syndrome
(TB-IRIS) disease and those that assessed immunopathogenic mechanisms
of TB-IRIS and tuberculous meningitis (TBM). We only included studies

for which we had access to the full text version. A systematic review

of the immunopathogenesis of TB-IRIS performed by our group was
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recently published.® Systematic review of the literature further revealed
that, although several studies have investigated blood immune markers
in TB-IRIS, only one study of site-of-disease findings in TB-IRIS exists.?
This study, performed on the same cohort of TBM patients presented in
this manuscript, suggested an important role for neutrophils and baseline

cerebrospinal fluid mycobacterial load in TBM-IRIS pathogenesis.

Interpretation

Aside from our previous publication,® we know of no other study to
investigate inflammatory markers from the site-of-disease in patients with
TB-IRIS. Findings from this study contribute significantly to knowledge of
the immunopathogenic process that occurs in the central nervous system
of patients with TBM-IRIS; our results extend data from our previous
study by providing additional evidence for a prominent role of the innate
immune system in TB-IRIS pathogenesis. These results are likely to guide
future immunopathogenic, and ultimately therapeutic studies in TB-IRIS,

regardless of the disease site.
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Figure legends and footnotes

Figure 1. Flow diagram of timepoints when lumbar puncture and
phlebotomy were performed in tuberculous meningitis (TBM) patients.
Drug interventions are indicated at each timepoint (grey boxes)

Procedures were performed at a minimum of three timepoints: 1) TBM
diagnosis; 2) antiretroviral treatment (ART) initiation; and 3) two weeks
after ART initiation or TBM-IRIS presentation, which ever occurred first.
Patients who developed TBM-IRIS after the “two weeks post ART initiation”
timepoint underwent repeat procedures at TBM-IRIS presentation. Unless
a lumbar puncture was contra-indicated, procedures were repeated in

TBM-IRIS patients two weeks after TBM-IRIS presentation.

Figure 2. Boxplots of mediator concentrations over time in A)
cerebrospinal fluid and B) blood I of patients who developed TBM-
IRIS (red)* and those who did not (blue).

Definitions of abbreviations: TBM, tuberculous meningitis; ART, antiretroviral
therapy; wks; weeks

The assays’ limits of detection have been substituted for zero values. Note
the left y-axis is a log 10 scale. The right y-axis indicates timepoints of
sample collection. Within graphs, boxes with horizontal lines represent
interquartile ranges and medians. Raw data points are overlaid. See Tables
E3, E4 and E5 for p-values of analyses between groups.

T Blood mediators with medians equal to zero at all timepoints in both
groups are not shown.

* For patients who developed TBM-IRIS, the “2 weeks post ART” timepoint
indicates findings at time of TBM-IRIS that developed at a median of 14

days (interquartile range, 4-20) after starting ART.
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Concentrations of all mediators were measured as picograms per milliliter

with the exception of Cathepsin G, which was measured in units per milliliter.

Figure 3. Representative examples of changes over time of
cerebrospinal fluid (CSF) mediators in patients who developed TBM-
IRIS (n=16, red) and those who did not (n=18, blue).

Definitions of abbreviations: TBM, tuberculous meningitis; ART, antiretroviral
therapy

For patients who developed TBM-IRIS, the “2 weeks post ART” timepoint
indicates findings at time of TBM-IRIS that developed at a median of 14
days (interquartile range, 4-20) after starting ART.

Note that some TBM-non-IRIS patients showed an increase in mediator
concentration and MMP-9:TIMP-1 ratio after starting ART; these patients
were those who were culture positive for M. tuberculosis from CSF at time

of TBM diagnosis.

Figure 4. Unsupervised hierarchical clustering of tuberculous
meningitis (TBM) at A) TBM diagnosis, B) ART start and C) TBM-IRIS
presentation or 2 weeks after ART (non-TBM-IRIS patients).

IRIS status: Indicates patients who developed TBM-IRIS in red and those
who did not in blue.

TB Culture status: Black and green boxes indicate cerebrospinal fluid M.
tuberculosis culture positivity and negativity, respectively at time of TBM
diagnosis.

Results from cerebrospinal fluid analyses are reported. Values plotted
are natural log plus one. Corresponding concentrations in picograms per
milliliter are indicated on the color key. Concentrations of all mediators

were measured as picograms per milliliter with the exception of Cathepsin
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G, which was measured in units per milliliter. Neutrophils and lymphocytes

were measured as cells x 108/L.
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Table 1. Baseline characteristics of patients presenting with
tuberculous meningitis and controls without meningitis

Tuberculous meningitis (n=34) No meningitis * (n=14)
p-value

Age, years 33 | (28-44) 34 | (27-38) 0.95
Female, n (%) 15| (44) 9| (64) 0.34
Body mass index 20.0 | (18.3-22.7) 20.5 | (19.9-27.3) 0.17
Blood investigations

Sodium (mmol/L) 129 | (123-131) 135 | (133-137) <0.0001

Hemoglobin (g/dl) 11.4 | (8.8-13.1) 12.4 | (10.8-13.4) 0.10

C-reactive protein (mg/L) 40 | (6-78) 51(1-8) 0.0052

CD4 count (cells/uL) 113 | (69-199) 129 | (75-180) 0.91

HIV viral load (log, ) 5.46 | (4.82-5.89) 4.87 | (4.44-5.44) 0.061
Cerebrospinal fluid (CSF) investigations

Lymphocyte count (x 106/L) 177 | (87-339) 6| (2-13) <0.0001

Neutrophil count (x 10%/L) 20 | (2-42) 0| (0-0) <0.0001

Protein (g/L) 1.94 | (1.29-3.06) 0.51 | (0.38-0.87) <0.0001

Glucose (CSF:blood ratio) 0.30 | (0.17-0.5) 0.53 | (0.5-0.74) 0.0002

* Diagnoses include: HIV-associated psychosis (n=4), tension headache
(n=4), generalized tonic-clonic seizures (n=2), meningioma (n=1), stroke
(n=1), depression (n=1) and HIV-associated neurocognitive disorder (n=1).
Median and interquartile range is presented unless otherwise specified.
P-values were calculated for comparisons between groups using
Wilcoxon rank sum test for continuous variables and Fisher’s exact test
for categorical variables. A p-value <0.05 was considered statistically
significant.
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Figure 1

TBM presentation

Start TB treatment and prednisone (1.5 mg/kg/day)

2 weeks after TB treatment initiation

Start antiretroviral therapy (ART)

l

2 weeks after ART initiation

l

Prednisone reduced

> TBM-IRIS diagnosis

Prednisone increased/restarted

l

2 weeks after TBM-IRIS diagnosis
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Figure 3
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Figure 4
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Supplement-Methods

Participants

ART-naive HIV-infected adults (= 18 years) who presented with tuberculous
meningitis (TBM) were recruited from March 2009 to October 2010.
Lumbar puncture (LP) was repeated within 48 hours of TBM presentation
in patients who had already a diagnostic LP performed. Definite TBM
was retrospectively diagnosed when Mycobacterium tuberculosis was
cultured from cerebrospinal fluid (CSF). Probable TBM was diagnosed
when a patient showed clinical, laboratory or radiological features of
TBM in the absence of other infective causes for presentation including
bacteria, fungi, syphilis and if suspected, viruses.! Paradoxical TBM-
immune reconstitution inflammatory syndrome (IRIS) was diagnosed
according to a published definition for TB-IRIS modified for meningitis.??
The definition had 3 components: (1) TBM diagnosis before starting
ART and improvement on TB treatment prior to ART initiation; (2) onset
of TBM-IRIS manifestations (ie, new, recurrent, or worsening clinical
features of TBM) within 3 months of ART initiation; and (3) exclusion of
alternative causes for clinical deterioration. As control participants, we
enrolled HIV-infected ART-naive adults (= 18 years) without a meningitis
diagnosis who presented with symptoms and/or signs necessitating
a lumbar puncture such as headache, cognitive decline or seizures.
HIV infection itself is often associated with a mild to moderate CSF
lymphocytic pleocytosis;* we therefore did not exclude patients with a
mild lymphocytosis (up to 25 cells x 10%/L) as controls. Written informed
consent was obtained from all patients or their relatives, if a patient was
unable to provide informed consent.

Luminex multiplex and ELISA assays

All assays were performed according to manufacturer’s instructions.
For Luminex multiplex experiments, all CSF and blood samples from
an individual patient were assayed on the same plate. Mediator
concentrations were calculated with reference to a standard curve
for each mediator derived from a range of concentrations of mediator
standards assayed in the same manner as CSF and blood samples.
Manufacturer supplied internal controls were used to validate standard
curves. For ELISA experiments CSF and blood samples were assayed
on separate plates. The sensitivities of the assays are presented in Table
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Supplement-Results

Mediators not detected

The median concentrations of IL-4, IL-12p70, IL-13, IL-21, IL-23 and
MMP-12 were lower than the assay limit of detection in both blood and
CSF in all subgroups (i.e. TBM-IRIS, TBM-non-IRIS and no meningitis
patients) at all timepoints, whilst IL-2 (median <7pg/ml in TBM-IRIS
patients at TBM diagnosis and starting ART) and MMP-13 (median=12pg/
ml in TBM-IRIS patients at TBM diagnosis) were minimally detected
only in CSF of TBM-IRIS patients at the indicated timepoints. These
mediators were therefore excluded from further analysis.

Statistical analysis

A logistic multivariate model was developed (not shown) to predict
TBM-IRIS from analytes measured in CSF at time of TBM diagnosis.
The resulting model was extremely unstable due to a high degree of
collinearity (as measured by variance inflation factor) and a small number
of very high leverage individuals whereby removal resulted in instability
in coefficient estimates. The variable selection process was flawed as
standard methods (e.g. starting with those variables significant after a
univariate test) would rest on a univariate test with low power (due to
large proportion of values below the limit of detection). We therefore
chose not to report the multivariate model as a supplement to univariate
analyses.

Correlation between CSF mediators and white blood cell counts

Figures S1, S2 and S3 show correlation between neutrophil and
lymphocyte counts and mediator concentrations measured in CSF in
TBM-IRIS and TBM-non-IRIS patients over time. Benjaminiand Hochberg
adjusted p-values are provided for correlation between cell types and
mediators in Table S10.° Notably, no significant correlation was observed
between either cell type and any mediator in TBM-IRIS patients at any
timepoint. A lack of significant correlation between mediators and
cells was also observed in TBM-non-IRIS patients at TBM diagnosis.
Although a statistically significant correlation between a minority of
mediators and cell counts was observed at further timepoints in TBM-
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non-IRIS patients, these correlations were unlikely to be of biological
significance, rather reflective of multiple zero values in comparator data.
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Supplement-Tables and Figures

Supplementary Table 1. Sensitivities of Luminex multiplex and ELISA

assays performed on mediators determined in cerebrospinal fluid (CSF) and

blood

CSF Blood
Performed by LUMINEX multiplex t
G-CSF 3-2-16 3-2-16
GM-CSF 32 32
IFN-a2 32 32
IL-12p40 3-2-16 3-2-16
TNF 32 32
IFN-y 32 32
IL-10 32 32
IL-18 32 32
IL-6 32 32
IL-17 32 32
IL-2 32 32
IL-4 32 32
IL-13 32 32
CCL2 32 32
CCL3 3-2-16 3-2-16
CCL4 3-2-16 3-2-16
CXCL8 32 32
CXCL1-3 3-2-16 3-2-16
MMP-1 4-9 4-9
MMP-2 12-3125 12-3125
MMP-3 49-195 49-195
MMP-7 98 98
MMP-9 2:4 24
MMP-10 4-9 4-9
MMP-12 391-1563 391-1563
MMP-13 9-8 98
TIMP-1 19-5 19-5
TIMP-2 48-8 488
Performed by ELISA *
IL-12p70 2:5-6-5 5-1-6:5
IL-17A 0-26-0-29 0-28-0-35
IL-21 22-6-33-9 20-9-26-4
IL-22 3-8-12:3 6-8-7-5
IL-23 32-43-7 5-5-46-7
CXCL10 2:1-61 8-3-11-8
IL-18 4-9-7-7 -
Cba 549-617 -
Lipocalin-2 4-9-20-6 -
Cathepsin G 6-9-7-2 -
HNP 1-3 247-360 -
LL-37 156-255 -
S100A8/A9 1150-1300 -

Units are picograms per milliliter except for Cathepsin G that is presented as units

per milliliter

T For Luminex multiplex experiments, all CSF and blood samples from an individual

patient were assayed on the same plate

* For ELISA experiments CSF and blood samples were assayed on separate plates

Page | 141



€000-0 - - (es-0 | 0 - - - (6v76-0) | 89S - - e-1
1000-0 > - - (519-29%) | 925 - - - (ce87-€09) | 825€ - - €-1 dNH
1000-0 > 6€0'0 0€-0 (08e1-89) | Lve (Fe0L-€59) | 082 +000-0> (667/8-1€22) | 789 (0z9L-6€2) | €LLL 0L10X0
1000-0 > €€00-0 +000-0 (€91-6¢) | 19 (819 | 6 +000-0> (€5e5-702) | 656+ (r-21) | ve 870X0
1000-0 > 780 8.0 (92-9) | €t (re-0) | 8t +000-0> (151-8¢) | 06 (9€-0) | 9t ¥100
1000-0 > - 1100-0 (9e-22) | ve (0-0 |0 1000-0> (ceL-6v) | ¢8 (0-0 |0 €100
81-0 S0-0 £000-0 (951€-606) | SYEL (c19-80¢) | cov +000-0> (9€6.2-029) | S€62 (eLv-081) | coe 2109
1000-0 > GG-0 +000-0 (87-0 | 0 (c881-159) | 9SGk 950-0 (8S51-¥9) | evv (0Gke-2L2) | ovet €-110X0
€10 - 620 (85-1-0) | €20 (0+0-0 |0 +000-0 > (5e-2-Ge-0) | + (0-0 |0 VI

- - - (000 - - - (oge-0) | 0 - - 8L-1I
10000 - - (0010 (re-0) | 0 11000 (091-0) | 2¥ €1-0 | 0 2z
10000 > 100-0 - (9-0 |0 (#-0) |0 +L000-0> (£888-89) | ¥0S2 v | 2 91l
1100-0 - - (0010 (000 S000-0 (81-0 | 9 (-0 | 0 di-
10000 > 620 L (81-0 | 0 (91-0 | 9 +000-0> (961-19) | 96 (6L-v) | Ok oKl
1000-0 > 1000-0 - (000 (c-0 |0 +000-0> (L021-91) | 0v9 (lz-0) | 8 A-NdI
1000-0 > 8¢-0 2500 €1-e) |9 (ce-6) | 9t +000-0> (r9e-1¢) | oeL (ev-z1) | 8L 4ANL
5100 - - (€1-0 | 0 (0010 810 (16-0) | €2 (¥e-0) | 0 ovdzL-T1
€100-0 G0 1000 (02-1¥) | 8 (-0 | v +000-0> (PL1-29) | L6 (28-0) | L+ 2o-N4I
1000-0 > - - (0010 (-0 |0 +000-0> (69-0) | L2 (S0 |0 4S0-ND
1000-0 > #80-0 G200 (Lee-29) | ovL (G6-12) | 2 +000-0> (9€59-29¢) | 8vLk (691-Gv) | 08 4S0-9
anjea-d anjea-d anjea-d ("ol | ueipasw ("ol | ueipaw anjea-d (4ol | ueipsw (4o | ueipsw J jwy/6d
4S9 SA 4SO 1gsaig 4sosaig 480 pooig 4sosn1g 4s0 pooig Jojeipay

(y1=u) smbulusw oN (re=u) naL

sijbuiuaw ou yum sjoajuod pue (Ngl) siibuluaw snojnaiagny} yum
sjualjed ul suoljeiuda2uU09 Jojeipauwl (|g) poolq pue (4S9) pinj} jeuidsoaqalad auljdseqg g a|qel Atejuswo|ddng

Page | 142



049z a1am sdnoub Jojesedw oo Yjog O sueipaw ay} JI pawlopiad 10U aiam sasAjeue |eonsnels
VSI13 40 xa|di}nw XaulwnT yim paAesse SuollBJlusdu0d J0leIpaWl 948 UMOYS S}nsay

Jayiw Jad syun se pajuasald si jeyy o uisdayie) Joy 1deoxa sayjiiw Jad swesbooid ase syun |
plog ul pajedipul ate sdnoib usamiaq sedualiaylp (50-0>d) yueoyiubig

:sdnoub usamiaq sishjeue 10} sanjea-d4

poo0|qg 01 paJedwod 4S80 ul pasealosap (G0-0>d) Ajpueoliubis suoneliuaouo)

pooj|qg 01 paJsedwod 4S50 ul pasealoul (G0-0>d) Ajpueoliubis suoljesuaduo)

:4SDH pue poojq usamiaq sisAjeue 10} sanjea-d

abuel s[uenbusiul ‘Y| suoneINBIqqe JO suoniuled

2000 G800 9000 (0e86€-08.22) | 0/€€€ (0861.9-006€Y) | 02865 G20 (0v989-0¢€9€) | 09281 (ov085-00€0Y) | 00861 2-dINIL
1000-0 > L1-0 1800-0 (08262-02122) | 0SLOY (002€21-02908) | 00S60L +000-0 > (006685-005881) | 00LOCY (00602 1-02922) | 009¢€2L L-dINIL
1000-0 > 810 2000-0 (€z-6) | 9t (LgeL-ces) | 268 +L000-0 > (G2-L2) | oF (7901L-19%) | ¥8S OL-dININ
1000-0 G500 ¥€00-0 (cge9-989) | te8e (0s0€1-5906) | 08€0L #000-0 (01969-01+2) | 06ESC (0gSei-2e8s) | vi6L 6-dAIIN
21000 8600 2000-0 (822-v1) | 0GHk (0e672-9296) | 09921 1000-0 > (ev9-502) | vie (098¥€-0v0¥7L) | 09212 L-dIANIN
1000-0 > €200 2000-0 (099-6.2) | €o¥ (09v01-28v2) | L08S +000-0 > (ov0g-2€9) | 082k (0ev0z-8522) | 062 kL €-dAIN
1000-0 080-0 2000-0 (0vS21-06611) | 006EL (02955-0529%) | O¥L0S 9000-0 (0920t-01v61) | 06282 (0ze€5-009¢€€) | 061SY 2-dANIN
10000 > 710 2000-0 (8-0) | ¢ (929-212) | 9¢e¥ +000-0 > (692-€2) | evi (1891-282) | 0L L-dNIN
20000 - - (osze-0) | 0 -1- - (00087-0009) | 00062 -1- 6Y/8Y001S

- - - (0010 - - - (ozer-0) | 0 -1- €50
10000 > - - (re1-2) | €9 - - - (6911-8772) | 990+ - - g-uieoodi
8200-0 - - (8-0) | 0 - - - (S1-0) | Lt - - o uisdayied

Page | 143



- - - - - - - ¥90-0 (822-0) | 8cv (ZLLi-2yy) | 292 e-1
- - - -1- -1- 1000-0 > (e82€-989) | 8LOL (8v95-€65€) | 687 €-1 dNH
8000-0 G000-0 G60-0 (9s¥1-2v9) | 2v8 (08ze-v16) | 08L1 68000 (9082-€221) | 2Ste (9668-11€9) | L06L 0L10XD
2000-0 S000-0 6£00-0 (22-9) | 9k (Lv-2e) | g ¥¥00-0 (oree-zel) | ¥92 (9es8-v581) | 82re 870X0
¥000-0 S000-0 2Lo (81-0 | 9 (¥5-0) | 02 0100 (PLi-22) | 99 (roe-€2) | 82t ¥100
€000-0 1200-0 - (000 (000 25000 (co1-8¢) | 99 (061-22) | 8Lt €100
#000-0 S000-0 820 (rr9-061) | 2le (r6€-951) | 962 2v0-0 (8652-669) | 09kL (9958-1€02) | vesy 2109
¥20-0 00 810 (Le9L-6.7) | 980+ (r222-689) | 8.1k G€00-0 (908-0) | 66 (r82e-vSe) | OvkL €-110X0
£000-0 2000-0 - (c-0 o0 (000 26:0 (72-1-0) | 80+ (0g-2-v€-0) | 980 VLI
- - - - - - - 68000 (2e1-0) | O (L¥9-0) | 82e 8L-1I
- 2€00-0 - €-0 | 0 (91-0 | 0 910 (#81-0) | O (#S1-8) | 1L 2z
S000-0 S000-0 650-0 (01-0 | s (S1-9) | ok €000-0 (6e6E-91) | 1L (06501-8991) | 9188 91l
- 26000 - (000 (6-0) | 0 5100 (6-0) |0 (26-9) | 2+ di-
¥200-0 G000-0 €0 (0zv) | ok (71-0) | Ok L0 (rie-02) | 09 (681-28) | 02t oK-TI
110-0 S000-0 890 (¥2-0) | 9 (8L-Y) | 6 19000 (026-v) | 81 (0L21-G69) | 952t A-NdI
G200 G000-0 120 (8e-01) | 9L (ev-€1) | 02 2000-0 (9s1-€1) | 9¢ (58¢e-621) | 8¢ 4ANL
- €50 020 (0z-0 |0 (18-0) | 9 710 (9s-0) | 0 (80L-€) | 2¥ ovdzL-T1
20000 S000-0 €00 (20 | v (¥s-8) | 12 9100 (roL-€9) | 9L (L21-18) | 2LL 2o-N4dl
€,€0-0 1200-0 - -0 |0 (8-00 | 0 2€0-0 (02-0) | 2 (2-21) | Ge 4S0-WD
1100-0 S000-0 €10 (691-7€) | G2 (081-€2) | 88 G€00-0 (8zsc-8LL) | LGP (09821-808) | 2015 4809
anjea-d anjea-d anjea-d (HOI) | ueipsw (HOI) | ueipsw anea-d (HOI) | ueipsw (HOI) | ueipsw J jwy/6d
4SO sAIg | 4SOsA1g | 1gsAalg (81=u) SIdI-uou-NgL (91=u) SIHI-NEaL 4S9 sA 4SO (81=u) SIdI-uou-NgL (91=u) sIdI-WaL Jojelpay
Slidi-uou
-NaL | sidI-waL poojg 4s0

sisoubelp ANgl e sjuaned gly|-uou
-INdLl pue SidI-NgL Jo (1g) pooiq pue (4SD) pPInj} [eulds04gaiad ul suoijeuaduod Jojelpsjy ¢ ajqel Arejuswsjddng

Page | 144



oJoz aiom sdnolb Jojesedw oo Ylog JO sueipaw 8y} I pawioyiad jou aiom sasAjeue |eolisiiels
VSIT13 Jo xa|dijnw XauiwnT Yyiim paAesse suoljeiiusouod Jojeipall ale UMOYS S} nsay

oleJ e se pajussald si 1Yl LdINIL/6-dININ PUe Jaijijjiw Jad spun se pajussald si jey) 5 uisdayie) Joj 1deoxe Jayijjiw Jod sweiboolid ase syun L

pjog ul pajeoipul ate sdnoub usamiaqg seoualayip (G0-0>d) Jueoniubig
:sdnoub usamiaq sishjeue 10} sanjen-d4

poo|q 01 pajedwod 4S9 Ul pasealosp (G0-0>d) Ajjueoniubis suoijeuasuon)
poo|q 01 pasedwod 48D ul pasealoul (G0-0>d) Ajueoiiubis suonesuasuo)
:4S9H pue poojq usamiaq sisAjeue 10} sanjea-d

abuel s[uenbusiul ‘Y| suoneINBIgQqE JO suoniuled

- - - - - - - S0 (1-0-10-0) | ¥0-0 (¢2:0-¥0:0) | 010 L-dINIL/6-dININ
L0 6100 620 (02919-0601¥) | 00861 (08255-065+7€) | 09591 2100 (0zeL5-02eve) | 0828€ (02€82-00v2%) | 029€9 2-diNIL
04L0:0 G000-0 00 (00802 1-05598) | 002€0L (009181-01652) | 0069€EL 6000-0 (006v87-09€66) | 001972 (0065€8-0065 L) | 00071 L-dINIL
2000-0 9000-0 160 (#901-G9%) | ¥¥S (7611-18¢€) | 009 0+0 (69-€2) | 68 (58-9¢) | v9 OL-dAIIN
670 GL000 280 (0v901-1269) | 9908 (os¥1-9219) | 85eL 9000-0 (ozvee-1891) | 896 (06256-075¥2) | 08709 6-dININ
2000-0 S000-0 120 (08162-00621) | 09281 (022s€-02kL1) | 09152 21000 (s-00t-2L1) | 602 (r16-60€) | 0.5 L-dININ
€000-0 90000 280 (0g892-82¢Y) | 0ESCL (00191-G1G2) | oveoL 09-0 (Lrig-€19) | ¥¥8 (9002-t¥2) | errL €-dAIN
1L0-0 910-0 10 (022v5-0v€ESE) | 0219V (0gees-oegee) | ocker 090 (0628€-02981) | 0LE9C (0€91+-02502) | 055€€ 2-dANIN
#000-0 £000-0 L€0-0 (#001-¥02) | 955 (520¢e-6e%) | OLOF ¥000-0 (291-9) | 82 (#€9-26) | 9vC L-dININ

- - 610 - - - - 9600-0 (0gese-0) | 00S02 (0006%-00522) | 000St 6V/8V001S

- - - -1- -1- €5000 (00 |0 (esL1-2L1) | ¥¥OL €50

- - - - - - - 1100 (GerL-vie) | sv8 (€611-9%01) | vLLL g-uieoodi

- - - - - - - 0+0 -0 |8 (81-2) | 2k o uisdayied

Page | 145



- - - - - - - 150 (eve-0) | €0t (Lie-0) | 0 e-1
- - - -1- -1- 5000 (028-22v) | Les (Goez-912) | 90kL €-1 dNH
L0 90000 G20 (e9¥L-v19) | ¥58 (81¥1-808) | 2cht ¥200-0 (9997-079) | €9kL (¢822-500€) | 2065 0L10X0
2000-0 S000-0 L10-0 (61-9) | Ok (ce-z1) | o2 8200-0 (GzeL-v9) | 9kt (SvSe-gel) | LiSL 870X0
200 6000-0 Le-0 (61-0) | 8 (re-0) | vt 9100 (ov-01) | 22 (G9-0v) | 25 ¥100
2000-0 100-0 - (000 (000 9100 (e5-92) | 82 (€6-9%) | 99 €100
S000-0 S000-0 260 (e2s-591) | 8ov (Les-261) | €s¢ 2v0-0 (r821-9€8) | L6kL (Lzse-L0¢g)) | 8622 2109
€L0-0 20 v2-0 (#002-8€8) | LOLH (seee-v.8) | ge8t 6€00-0 (8¥01-0) | 0 (9e9L-28Y) | LLLL €-110X0
S000-0 1000-0 > 610 (c-0 o0 (000 6800-0 (¥6:1-0) | £9-0 (00-6-v21) | 90% VI
- - - - - - - - (0|0 (s6-0) | O 8L-1I
- 040 950 (62-0) | 0 (rv-0) | § €100-0 (0|0 (0gt-2) | ov 2z
9200-0 S000-0 - (c-0 |0 (9-0) |0 £v0-0 (e8z-2) | vt (98¢e-19) | ¢8 91l
- - - (000 (0010 - (-0 |0 (0|0 g
9.0 Ge00-0 09-0 (ov-v) | vt (91-8) | ¢t 6000-0 (rs-9) | 1 (c0z-29) | 62 oL-1I
#90-0 S000-0 €10 (9-0) | 2 (€L-1) | 6 62000 (601-0) | ¥ (e0¥-9€) | 65+ A-NdI
120 GL00-0 €€0 (1e-8) | €k (Gz-z1) | 8L €2000 (€9-2) | 1+ (861-1¥) | 901 4ANL
- 2Lo-0 20 (0010 (se-0) | 0 €200-0 (85-0) | 0 (¥81-1¥) | 00k ovdzL-T1
20000 S000-0 8e-0 (010 |2 (92-0) | € 2600-0 (68-19) | 99 (cer-18) | 96 2o-N4dl
- 2L0:0 - (000 (e-0) |0 1500 (-0 |0 G0 |2 4S0-ND
610-0 12000 €0 (Gzi-eb) | L9 (82-1¥) | €9 1€0 (69%-29) | 802 (e2v-951) | 8ve 4809
anjea-d anjea-d anjea-d (HOI) | ueipsw (HOI) | ueipsw anea-d (HOI) | ueipsw (HOI) | ueipsw J jwy/6d
4SO sAIg | 4SOsA1g | 1gsAalg (81=u) SIdI-uou-NgL (91=u) SIHI-NEaL 4S9 sA 4SO (81=u) SIdI-uou-NgL (91=u) sIdI-WaL Jojelpay
Slidi-uou
-NaL | sidI-waL poojg 4s0

14V Bunuess jo awn je spusned giy|-uou
-INdLl pue SiHI-INgL Jo (1g) poojlq pue (4S9D) pInj} [eulds04gaiad ul sUoepudaduod Jojelpsy v a|qe} Aejuswsaiddng

Page | 146



oJoz aiom sdnolb Jojesedw oo Ylog JO sueipaw 8y} I pawioyiad jou aiom sasAjeue |eolisiiels
VSIT13 Jo xa|dijnw XauiwnT Yyiim paAesse suoljeiiusouod Jojeipall ale UMOYS S} nsay

oljeJ e se pajussald si 1yl L-dNIL/6-dNIN PuUe Jaijijjiw Jad suun se pejussald si 1ey) 5 uisdeyie) Joy 1deoxs Jayljijiw Jod swelbooid aie syun L

ploqg ul paieoipul aJe sdnolb usamiaq saoualayip (50-0>d) 1ueouiubis
:sdnoub usamiaq sishjeue 10} sanjen-d4

poo|q 01 pajedwod 4S9 Ul pasealosp (G0-0>d) Ajjueoniubis suoijeuasuon)
poo|q 01 pasedwod 48D ul pasealoul (G0-0>d) Ajueoiiubis suonesuasuo)
:4S9H pue poojq usamiaq sisAjeue 10} sanjea-d

abuel sjienbusiul ‘Y| (Adeisyl [eJinOIIBIIIUE ‘| YV SUOBIASIQQE JO SUOIUBd

- - - - - - - 950-0 (52-0-€0:0) | 0+-0 (8€-0-11-0) | 92-0 L-dINIL/6-dININ
69000 990-0 120 (09099-029.%) | 05555 (09859-069¢Y) | 0L9.1 6€00-0 (05925-0v¢Ee) | 0285e (055¥6-0056€) | 08129 2-dINIL
20 0+00-0 G9-0 (0066€ 1-095€8) | 02996 (00vez1-06€28) | 00LYLL 10000 > (0osozL-0vkey) | 06875 (006862-00%2S1) | 002202 L-dINIL
2000-0 S000-0 €0 (L08-2L€) | 0eS (169-50€) | 095 GL0 (ez-€1) | 8k (re-91) | ve OL-dININ
6.0 2L00-0 960 (08211-0612) | 258 (01821-00v9) | 9068 6000-0 (0252€-9092) | €165 (0oer01-082€€) | 04809 6-dAIIN
2000-0 S000-0 6500 (01L981-966) | 0€LG+ (0Lese-06.71) | 06902 (k2] (€L-1G1) | 661 (e9v-v61) | 0T L-dININ
20000 G000-0 0.0 (002G2-2.v8) | 091 kL (0g9re-098) | 0eSPL 1€0 (r96-€2€) | 855 (6L21-99¢) | 628 €-dAIN
€000-0 6200-0 6L0 (06259-0zerY) | 02875 (06062-0999%) | 05819 €00 (0z9ge-061G1) | 0CELE (0v015-055+2) | 00S7€ 2-dANIN
¥000-0 G000-0 4% (€26-¢82) | 88Y (czeL-6Ly) | 128 9¥0-0 (15-0) | 2 (ov-21) | 92 L-dININ

- - .10 - - -1- 6€0 (00s82-0) | 0 (0521€-0) | 00O L 6Y/8Y001S

- - - - - - - - (062-0) | O (¢g6-0) | O €50

- - - - - - - 200 (826-Sclt) | eve (€Lo1-629) | 228 g-uieoodi

- - - - - - - 680 (L-0) | ¥ (ri-0 | 0 o uisdayied

Page | 147



- - - - - - |- 1200-0 (es€-0) | 2Se (ezel-v1€) | 612 28-11
- - - -1- - - 1000-0 > (89G1-LL¥) | €€9 (8229-2982) | 90vY €-1 dNH
920 S000-0 #100-0 (698-222) | 90¥ (P69L-1¥2) | SLEL 1000-0 (S09v-82) | €ee (62£8-7€29) | 9829 0L10X0
20000 S000-0 1¥00-0 (€z-2) | 8 (85-G1) | ve 1000-0 (6egL-cv) | 16 (ce12-6202) | Love 870X0
660-0 S000-0 L10-0 (5z-¢) | gt (gg-91) | 9 10000 > (9v-v1) | o2 (51-29) | 801 ¥100
2000-0 6000-0 - (000 (010 8000-0 (95-82) | 2¢ (rz1-89) | ¥8 €100
90000 S000-0 2e0 (es5-€52) | cov (92s-112) | 962 6€00-0 (#222-909) | S00+ (ce0.-86.1) | ¢6L2 2109
2Lo-0 6€0 G60-0 (cg81-269) | 0S)+ (5092-286) | 9961 1100-0 (6201-0) | 0 (evee-099) | sevi €-110X0
8900-0 G000-0 750 (000 (0|0 21000 (207-0) | 9€-0 (6-71-18:0) | 92 VI
- - - -1- - - 80000 (0|0 (0g0z-0) | €2t 8kl
- 1000-0 250 (ez-0 |0 (6e-0) | 9 1000-0 0|0 (28-G2) | 291 2z
¥€0-0 S000-0 €20 (z-0) |0 €0 |9 9000-0 (005-0) | OL (e516-99¢) | 2LL 91l
- 2€0-0 - (c-0 0 (€00 6200 0|0 (€1-0 | € g
€60 S000-0 €€0 (evv) | ot 6L-9) | L+ 20000 (QL1-0) | 9 (925-291) | voE oL-1I
- S000-0 0€0-0 (€1-0) | 0 (€z-9) | 2t 1000-0 > (so1-0) | O (882-892) | 9.¢ A-NdI
G8-0 S000-0 S0-0 (92-9) | vt (ov-g1) | 2z 1000-0 > (€9-0) | 9 (S2t-Gv1) | ¥92 4ANL
- 1700-0 990-0 (0o (0s-0 | 6 €000-0 (7e-0) | 0 (667-82) | 891 ovdzL-T1
2000-0 G000-0 810 (-0 | ¥ (lz-0) | 6 2900 (001-09) | 99 (8z1-€9) | v6 2o-N4I
- 0200 - (000 (2-0 |0 6100 (91-0) | 0 (ez-9) | ¢t 4S0-ND
200-0 S000-0 G0 (901-52) | 617 (801-59) | ¥9 80000 (0v9-29) | 961 (PGSe-229) | 2.5t 4809
anjea-d anjea-d anjea-d (4ol | ueipsw (HOI) | ueipsw anjea-d (HOI) | ueipsw ("ol | ueipsw J jwy/6d
4SO sAIg | 4SOsAlg | lgsnig (81=u) SidI-uou-NgL (91=u) sidI-naL 4S9 SA 4SO (81=u) sIdI-uou-NgL (91=u) SidI-WaL Jojelpay
Sidl
-uou-NgL | SIHI-NGL pooig 450

(Sidi-uou-Ngl) uoneriul 1Hy J9ye sy)aam g 1o SiHI-INgL e spuaned giy|-uou
-INdLl pue SidI-NgL Jo (1g) pooilq pue (4SD) pPInj} [eulds04gaiad ul sUoeUddU0d Jojelpdjy °G ajqel Arejuswajddng

Page | 148



oJoz aiom sdnolb Jojesedwod Ylog JO sueipaw 8y} I pawioyiad Jou aiom sasAjeue |eolisiiels
VSIT13 Jo xa|dijnw XauiwnT Yyim paAesse suolleiiusouod Jojelpall ale UMOYS S} nsay

oljeJ e se pajussald si 1yl L-dNIL/6-dININ PuUe Jaijijjiw Jad suun se pejussald si 1ey} 5 uisdeyie) Joy 1deoxs Jayljijiw Jod swelbooid aie syun L

ploqg ul paieolpul aJe sdnoub usamiaq saoualayip (50-0>d) 1ueouiubis
:sdnoub usamiaq sishjeue 10} sanjen-d4

poo|q 01 pajedwod 4S9 Ul pasealosp (G0-0>d) Ajjueoniubis suoijesuaouon)
poo|q 01 pasedwod 48D ul pasealoul (G0-0>d) Ajueoiiubis suoneluasuo)
:4SH pue poojq usamiaq sisAjeue 10} sanjea-d

abuel sjienbusiul ‘Y| {Adeisyl [elinOIIBIIIUR ‘| YV JSUOBIASIQQE JO SUOIUBd

- - - - - - - 6200 (15-0-10:0) | ¥0:0 (S0:1-60-0) | ¥€-0 L-dINIL/6-dININ
170-0 G€00-0 9v0-0 (085€9-069%5) | 0£18S (06165-0668¢) | 08211 ¥200-0 (0zLz2s-0Lvve) | 0662 (08916-0122S) | 08€89 2-dINIL
G0 1200-0 G0 (0081LL1-0G¥L2) | 09206 (00£021-00%22) | 00w kL 10000 > (0020t L-06€€€) | 08ELS (001296-0026W1) | 00LESY L-dINIL
2000-0 S000-0 680 (c66-782) | €€5 (162-21e) | €95 6€00-0 (Se-v1) | 9L (€6-92) | OF OL-dININ
060 90000 810 (09ev1-0s22) | 2ece (oces1-1826) | 00VZH 1000-0 (0G182-222) | 828¢ (00%084-017¥8) | 0006EL 6-dAIIN
2000-0 S000-0 2200 (0L521-09501) | 09vEL (01L56€-02091) | 0208L 85000 (rLv-oc1) | €8l (918-282) | 92v L-dININ
€000-0 1000-0 > L€-0 (00701 1-9008) | Oziee (06v£€-8519) | 02691 9€0-0 (900L-12¢€) | 2€9 (9v8e-19y) | eSvi €-dAIN
1¥00-0 G50 0.0 (061¥9-00€eY) | OVFLS (07 +79-02.29%) | 06771 ¥000-0 (0z8se-08vel) | 00802 (08102-0.6¢€) | 0L06Y 2-dANIN
¥000-0 21000 090-0 (G99-982) | 98¥ (8LE1-99%) | ¥¥8 €100-0 (eg-0 | 9 (9Le-ve) | €2 L-dININ

- - 910 - - - - 1000-0 > (00st-0) | 0 (0008%-00022) | 00SEE 6V/8V001S

- - - - - - - 5100 (¥0z-0) | 0 (0s€01-0) | 0S0L €50

- - - - - - - 21000 (ev6-12) | vL2 (0821-0504) | OGHL g-uieoodi

- - - - - - - 8900-0 (01-0) | 0 (F1-6) | Lt o uisdayied

Page | 149



160 £000-0 S000-0 (11g-0) [ 0 (ezel-vi€) | 6LL (L1e-0) | O (LLb1-2vy) | 292 28-11
620 62000 6000-0 (0gee-vsel) | sv6l (8229-2982) | 90vY (Soge-912) | 90k (8v95-€65€) | 687 €-1 dNH
220 9900-0 87000 (1922-g6¢Y) | 8999 (62£8-7€29) | 9829 (¢822-500€) | 2065 (9668-11€9) | L06. 0L10XD
760 6000-0 1200 (91e9-9teh) | L6ve (cer2-6202) | Love (SvSe-cel) | kLG (9eg8-v581) | 82ve 870X0
€10 6000-0 2+00-0 (8L1-19) | 06 (551-29) | 801 (59-0v) | 28 (r9e-€2) | 821 ¥100
110 8200 1200-0 (821-09) | 6 (r21-89) | ¥8 (€6-9v) | 95 (06t-22) | 8Lk €100
610 LL0-0 G200 (ce85-8502) | OvSe (ce0.-86.1) | ¢6L2 (Lz8e-L0¢1) | 8622 (9958-1€02) | vesy 2109
980 710 6€0 (ev62-6L0}) | 9GLL (evee-099) | sevi (9e91L-287) | LLLL (r82e-vS¢e) | o7 kL €-110X0
99000 G20 040-0 (0e-2i-2s0) | 5L€ (6-71-18-0) | 9-2 (00-6-te1) | 907 (0g-2-v€-0) | 98:0 Vil
650 8900-0 6+00-0 (6v1-0) | G2 (0€02-0) | €2t (s6-0) | O (2v9-0) | 822 8-
2200 19000 910 (867-91) | cel (28-G2) | 291 (oet-2) | oy (rs1-9) | 12 2z
G200-0 S000-0 S000-0 (Zro-vL1) | 2Le (e516-99¢) | 2LL (98e-19) | 28 (0g501-8991) | 9188 91l
2100-0 2200 21000 (¢-0 | 0 (€1-0 | € (000 (26-9) | 21t g
0100-0 $000-0 020-0 (08s-0gl) | see (925-291) | voE (cog-c9) | 62 (681-28) | 02} oK-TI
6100 12000 6000-0 (225-08) | 982 (882-892) | 9.¢ (e0v-9¢) | 6Gk (0L21-G69) | 952t A-NdI
120 62000 G€00-0 (29¢-251) | 902 (GL¥-sv1) | v92 (861-1¥) | 901 (s8e-621) | 8¢ 4ANL
¥000-0 2Lo-0 2Lo-0 (862-29) | 951 (667-82) | 891 (¥81-1¥) | 001 (801-€) | ¥ ovdzL-T1
GS0 b S0 (€S1-26) | LEL (821-€9) | v6 (ceL-18) | 96 (221-18) | 2kt 2o-N4I
1200-0 610 8000-0 (02-0) | © (e2-9) | 2t SL-1) | 2 (P2-21) | G 4S0-WD
0L0-0 S000-0 £000-0 (1¥6-891) | 999 (PSSe-229) | 2.5k (ezv-951) | 8ve (09821-808) | 201§ 4809
anjea-d anjea-d anjea-d (gol) | uelpsw (dol) | uelpsw (gol) | uelpsw (gol) | uelpsw 4 Jw/Bd
LSAg [A7%> LSAT SIHI-INEGL J9lE SHIOM ¢ iy sisoubelp gidI-NEL € 14v Bunueis :g sisoubelp Wal :} Jojeipay

(91=u) sidI-naL (v

(Sidi-uou-Ngl) 10u pip oym asouy} (g pue Sid| -NgL padojansp (v oym sjuaned
INE1 ul sjulodawi} U9dM}O( SUOIIBIIUSDUOD Jolelpaw (4S9) pinj} jeuidsoiqalad jo uosuedwod) 9 ajqe] Atejuswa|ddng

Page | 150



VSI13 J0 xa|di}nw XaulwnT yim paAesse SuOoileJlusduod J0leipall 8J8 UMOYS S}nsay

olnjeJ e se pajuasaid sl 1eyl L-dINIL/6-dININ Pue Jaijjiw Jad spun se pajuasald s| jeyy o) uisdayie) Joj 1deoxa Jayjijiw Jad sweibooid ate syun |
:sdnoub usamiaq sishjeue 10} sanjen-d4

jurodawiy JaiJes 01 pasedwoo Jsle| 18 pasealosp (G0-0>d) Ajpueoiiubis suoljesuaouon)

iodawiy JaijJes 0} pasedwoo Jale| 18 pasealoul (G0-0>d) Ajjueoyiubis suoneluasuo)

:4SH pue poojq usamiaq sisAjeue 10} sanjea-d

abuel ajiuenbusiul ‘Y| {AdeJsyl [BJINOIIBINUR ‘| HY [SUOIBIABIQQE JO Suonuled

6200-0 €50-0 600-0 (16:0-02-0) | G50 (50-1-60-0) | ¥€-0 (8€0-11-0) | 92:0 (¢2:0-v0:0) | 010 1-dINIL/6-dININ
8.0 650 650 (€6098-6888S) | 6260, (08916-0122S) | 0889 (0gs¥6-0096€) | 08129 (02€82-00v2Y) | 029€9 2-dINIL
L0 2100 6000-0 (829¢61-€20€L 1) | L2e68e (00+296-0026W 1) | 00LESY (006862-00%7251}) | 002202 (0065€8-0065 1) | 00071 L-dINIL
910 ¥200-0 8000-0 (€8-0¢) | 05 (€6-92) | OF (re-91) | ve (58-9¢) | 9 OL-dAIIN
2L000 11000 8.0 (L9%902-€6.9€1) | L9LS9L (00%084-0178) | 0006EL (0oev01-082€€) | 01809 (06256-07S7¢) | 08709 6-dAIIN
2L0 L70-0 2Loo (€19-282) | 96¢ (918-282) | 9z¥ (e9v-v61) | 0gC (#16-60€) | 025 L-dININ
290 62000 +700-0 (ev6L-v¥S) | €22k (9v8e-197) | eSvi (6121-59¢) | 628 (9002-1¥2) | ervi €-dAIN
£000-0 LLO-0 AR (reses-62.82) | Ovely (08102-0.6¢¢) | 0LO6Y (ov015-055¥2) | 00S7E (0€917-0£502) | 055€€ 2-dANIN
120 6000-0 L0000 > (68-22) | 2¢ (9Le-¥¢) | €2 (9v-21) | 92 (re9-26) | 9ve L-dININ
06-0 LLO-0 §100-0 (0628€-00521) | 00552 (0008t-00022) | 00SEE (0s21€-0) | 00OV L (0006%-00622) | 000SY 6Y/8V001S
820 6€00-0 92000 (Lgge-vep) | evol (0ge01-0) | 050+ (¢g6-0) | O (es1-2L1) | ¥¥OL €50
6€0 £000-0 S000-0 (5621-689) | 1611 (0821-0504) | OGHL (€101-629) | 2.8 (€611-9%01) | vLLL g-uieoodi
260 €200 020-0 (¥2-0) | 56 (F1-6) | Lt (-0 | 0 (81-2) | 2k o uisdayien

Page | 151



- - - (¥02-0) | 0 (062-0) | O (c-0 o0 eg0
zloo 960 G€00-0 (ev6-12) | .2 (8z6-G2l) | eve (SeLi-vie) | Gv8 g-uljeoodi
280-0 960 €50 (01-0) | 0 (L-0) | ¥ (c1-0 |8 o uisdayied
7L0 620 1800-0 (ege-0) | 2se (eve-0) | €0t (822-0) | 82v 28-11
GL0 160 12000 (89S1-L1¥) | €€9 (08-22¥) | Les (282€-989) | 8LOL €1 dNH
#000-0 910 /2000 (S09%-82) | €c2 (999%-019) | €94+ (908.-€L2)) | 2sie 0110X2
6900-0 €80 6.00-0 (6e8L-€t) | 16 (GzeL-v9) | 9kL (oree-cel) | ¥92 870X0
S000-0 160 G€00-0 (9v-v1) | o2 (ov-01) | 22 (Pri-22) | 95 100
2Lo:0 060 €100 (95-82) | 2¢ (e5-92) | 82 (coL-8¢) | 9 €100
¥.0-0 160 G0 (r222-909) | S00L (#821-9€8) | L6LE (8652-669) | 09} + 2109
160 - ¥8:0 (6201-0) | O (8¥01-0) | 0 (908-0) | 66 €-170X0
G9-0 v.-0 ¥9-0 (207-0) | 9€-0 (¥6:1-0) | £9-0 (r2-1-0) | 80-+ VLTI

- - - (0|0 (0-0 |0 (2e1-0) | 0 8L-1I

- - - (0|0 (0-0 |0 (¥81-0) | 0 44|
51000 180 #100-0 (005-0) | OL (egz-2) | 1 (6€6E-91) | LL 9-1I

- - - (0-0 |0 (ko) | 0 (6-0 | 0 g1
850-0 G0 1£00-0 (QL1-0 | 9 (75-9) | 71 (r1e-02) | 09 okl
1700-0 L0 1900-0 (sot-0) | O (601-0) | ¥ (0z6-%) | 8t A-NdI
G200-0 160 0600-0 (€9-0) | 9 (€9-2) | 1t (9s1-€1) | 9¢ 4NL

- - - (#€-0) | 0 (85-0) | 0 (95-0) | 0 ovdzi-1
950 880 120 (001-09) | 99 (68-15) | 99 (roL-€9) | 92 2o-N4dI
020-0 - €10-0 (91-0) | 0 (9-0) |0 (02-0 | 2 4S0-ND
€10-0 6.0 0200-0 (0v9-29) | 964+ (69¥-29) | 802 (825e-8L1) | LS¥ 489-9
anjea-d anjea-d anjea-d (HO!) | uelpaw (HOI) | uelpaw (HOI) | ueipaw } jwy6d
LSAE ZSAE LSAZ 14V Buipels Joye s)oam g ¢ 14V Buiuels iz sisoubelp Wdl i} Jojeipay

(81=u) sI1dI-uou-NgL (g

Page | 152



049z alam sdnoib Jojesedwod y1oqg JO sueipaw oyl JI pawiopad 10U a1em sesAjeue [eol1sielS

VSIT13 J0 xo|dijinw XaujwnT yim paAesse suoljesiuaduod Joje|paul 848 UMOYS S}nsay

oljeJ e se pajusasaid sl 1eyl L-dINIL/6-dININ Pue Jayijjiw Jad spun se pajuasald s| jeyy o uisdeayie) Joj 1deoxs Jayjijiw Jod swelbooid ase syun |
:sdnoab usamiaq sisAjeue 1oy sanjen-d

iodawiy JaljJes 01 pasedwoo Jaie| 1B pasealosp (GO-0>d) Ajpueoliubis suolieduaduo)

ulodawiy Jaljdes 01 palsedwoo Jaie| 18 paseatoul (G0-0>d) Ajpueoiiubis suoileliusouo)

:4S9H pue poojq usamiaq sisAjeue 10} sanjea-d

abuel s(iuenbusiul ‘Y| ‘AdeJay) [edinoalBIUE ‘| YV SuonjeIAeIqqe JO Ssuouljed

190-0 00°L 2Lo-0 (15-0-+0:0) | 00 (G2:0-€0-0) | 0L-0 (0+-0-10:0) | ¥0-0 L-dINIL/6-dININ
¥S0 50 ¥.0-0 (02225-01L1v2) | 0662Y (0g9zs-0vere) | 028sE (0zeLs-0zere) | 08e8e 2-dINIL
0100 820 61000 (00201 L-06€€€) | 08€LS (00802 L-0viey) | 0685 (006¢87-09€66) | 001972 L-dINIL
€000-0 610 8000-0 (Ge-v1) | 9L (ez-¢€l) | 8L (69-€2) | 6 Ok-dININ
060 680 9.0 (0s182-2L2) | 828¢ (0252€-9092) | €765 (0zree-1891) | 89¢6 6-dININ
910 v2-0 7€0 (rLy-021) | €81 (€Ly-1G1) | 661 (0ov-2.1) | 602 L-dNIN
710 2e0 620-0 (9001-12¢€) | 2€9 (r96-€2€) | 85S (LLig-€19) | ¥¥8 €-dAIN
20 09-0 20 (0zsse-08veL) | 00802 (0z9ee-06151) | 02ELE (0628¢-02981) | 0LE€92 2-dAIN
910 00 AR} (€50 | 9 (15-0) | 2 (291-9) | 82 L-dNIN
€00 - €80 (00s21-0) | O (0os8z-0) | 0 (0ge8e-0) | 00502 6V/8V001LS

Page | 153






[NAgNop sI si81sn|o yoiym o1 Buojeq

sjulod yoiym Ajpoexe 1ng ejep ay; Ul sulelied Jo SAIIBDIPUI SB UsXe) 89 piNoys G/-0 PUe 9.0 Usamlag Senjen pue ‘Gg-0< a4 ||Im sie1sn|o a|gels A|ybiH
G/-0< JO anjeA AlLie|lwIS pJeoder uesw e plalA pjnoys Ja1sn|o a|gel1s pljeA Y

:Xapul pJesoe ay} jo uonelaidiaiu]

SIHI-NGL Jo awi} je sBuipuly sejeoipul Julodawiy | HY Buiels Jeye syeam g, aui ‘S|dI-INgL pedojensp oym sjusiyed Jo4 J

umoys aJe (y ainbl4 ul pajussaid) sisAjeue BuLslSN|O JO SUOIBIASP PJEPUELS YIIM SSN|eA Xopul pJedde Ues|A ,

Adelsy} [edinodianue ‘| HY ‘siBulusw snojnojaqny ‘NGl SSuolBIABIqqe JO SUoRIUIed

(51-0) | 920 (c1-0) | €8:0 (r1-0) | €2:0 deJsjoog
(1-0) | 120 (160-0) | 620 (010 | L20 °sgng
} 14V Buiess Jaye syeem g
(cz0) | 82:0 (8€0-0) | 880 (r1-0) | 220 dessjoog
(81-0) | 220 (2v0-0) | 180 (91-0) | sL-0 1osgng
uels 1y
(8%0-0) | ¥8-0 (510-0) | 620 (590-0) | 280 desnsjoog
(2£0-0) | 62-0 (920-0) | €2-0 (€50-0) | 080 1esang
sisoubeip NgL
pouylew Buidwesay wiodawi ]
14 € 4 S49)SN|o JO JoquinN

»Ow J9A0 (e=u) sjuaned siibulusaw snojnaiaqny Jo
sasAjeue Buldysn|o [eoIydelaly Jo AMjigels asImualsn|o Buiysa)l 104 sadipul Ajueiwis piedsoepr 7 9|qel Aejuawajddng

Page | 155



890-0 680 (6Lv€-872h) | €992 (6228-€089) | 8262 (9668-11€9) | 1062 0110X2
LL0-0 080 (L1y-8L1) | 26L (67£9-9092) | 09€S (9eg8-vS8t) | 82ve 870X0
.10 9e-0 (19-02) | L& (221-89) | vOL (r9e-€2) | 821 #1090
890-0 620 (12-82) | e¥ (e21-v9) | 96 (061-22) | 8L €100
€¥00-0 620 (esz1-059) | S92 (e8v8-19¥9) | 9292 (9598-1€02) | vesr 2100
€L0:0 160 (rer-0) | ze (¥802-LL¥) | ¥EEL (r82e-vSe) | Ov kL €-110X0
9:0 850 (02-2-v1-0) | 90-L (7v-1-0) | 60-L (0g-2-v€-0) | 98:0 VI
L0 GL0 (0010 (€L1-0) | ¥9 (Lv9-0) | 822 8L-1I
610 €90 (Zv1-0) [ 0 (s62-0) | 61 (¥S1-8) | 1L t4 4|
GE0-0 160-0 (LLGL-2h) | s¥ (9262-0L2) | €62 (0g501-8991) | 9188 9-1I
2000-0 850 (0010 (85-6) | vt (26-9) | 2t g
LE0 810 (cot-v1) | sy (cee-92) | SL1 (681-28) | 021 oL-1I
1200 16-0 (0z-1) | ek (Lv9z-68¢) | L€ (0+21-969) | 952+ A-NdI
8200 020 (ev-01) | 62 (LG2-v8) | 8Lk (58e-621) | 8¥2 4ANL
L0 16-0 (92-0) | 0 (901-0) | 29 (801-¢) | 2¥ ovdzi-I
960 €80-0 (cot-¥9) | 28 ©r1-29) | 2 (221-18) | gkt 2o-N4dl
9100-0 020 (€-0 |0 (6S1-12) | 92 (r2-21) | s 4S0-NO
€¥00-0 v2:0 (e0zt-v8) | 092 (80.,6-€4G1) | 2¢6EY (09821-808) | 20LS 480-9
680 €80-0 (ovv-¥9) | 6 (r1e-02) | ozt (6L¥-021) | 9te sajfooydwi
180 020-0 (ev-0) | OF (r1-0 | € (Zr-11) | 88 s|ydoanaN
anjea-d anfea-d (gol) | uelpaw (gol) | uelpaw (gol) | ueipaw 4 lw/6d
IN Bau

UND sA IN sod ynD | SIdI SA IN sod ynd (21=u) sidI-NgL-uoN Bau 3no (9=u) S1dI-NgL-uoN sod yno (91=u) SiHI-naL Jojeipay

sisoubelp NGl 1e syuaned (N Bau 3n))
Sidl-uou-\ gl aAnebau-ain}nod sisonadaqgny ‘I 4S9 pue (IN sod }n9) sidi-uou-Ngl @Aaisod-aunynd sisojnasaqny ‘W
4S9 ‘SIHI-INFG1 udamlaq SuoijeJjuadsuod Jojeipaw (4S9) piny jeuidsoaqaiad jo uosuedwod g 9|qel Aejuswajddng

Page | 156



VSI13 40 xa|di}nw XaulwnT yim paAesse SuOIlBJluSduUO0D JOJeIpall 8J8 UMOYS S}nsay

oljeJ e se pajuasaid si 1eyl L-dINIL/6-dININ Pue Jajijiw Jad syun se pajusasald si jeyl o) uisdayie) Joj 1deoxa Jayjijiw Jad sweibooid ate syun |
:sdnoub usamiaq sishjeue 10} sanjen-d4

dnoub Jojesedwoo 0} pasedwod susned gy|-uou-|NgL dAIlsod ainynd ul pasealosp (G0-0>d) Ajjueoniubis suoljeduasuon)

dnoub Jojesedw oo 01 pasedwod siuaned giy|-uou-NgL dAIlsod ainynd ul pasealoul (G0-0>d) Ajpueoiiubis suoljeluaouon)

:4S9H pue poojq usamiaq sisAjeue 10} sanjea-d

abuel a[uenbusiul ‘Y| suoneINBIgqe Jo suoniuled

2e00-0 620 (¥0-0-0) | 20-0 (9€-0-20:0) | €10 (¢2:0-v0-0) | +-0 L-dINIL/6-dININ
20 620 (88887-291L€) | ¥269¢ (8€812-0€€9¢€) | ¢v6LY (02€82-00v2%) | 029€9 2-diNIL
7.0 €10-0 (5022.%-98026) | L60CHC (€0verS-vGLSY 1) | ver0se (0065€8-0065 1) | 0007LS L-dINIL
Ge0 0L0 (02-92) | 5-6€ (L9-12) | 5-1€ (58-9¢) | 9 OL-dAIIN
/5000 080 (szvei-geel) | 1ese (16%728-67602) | 927 (05256-0%S7¢) | 08709 6-dININ
ev-0 100-0 (8¥9-v91) | G-GlLe (6€2-vL1) | 261 (#16-60€) | 025 L-dANIN
680 -0 (c612-989) | 08 (2061-119) | ¥¥8 (9002-v¥2) | vyt €-dAIN
180 9¢0 (55006-1+2081) | 259te (80e62-v6€LL) | LL0SC (0€917-02502) | 055€€ ¢-dAIN
960 G200 (6v1-01) | 6-22 (Qte-0) | G217 (re9-26) | 9ve L-dININ
€20 020 (Sosve-0) | eeLy (G25¢ev-1€281) | B200E (0006%-0062¢) | 000SY 6V/8V001S
2L0:0 16-0 (000 (seve-0) | €62 (es1-2L1) | v¥OL ego
2Lo 680 (866-182) | ¢€9 (L1e1-592) | €811 (€611-9%01) | vLLL g-uleoodn
260 €€0 (€1-0 | 8 (r1-0 | 9 (81-2) | 2t o uisdayied
9¢0 810 (L12-0) | 0OF (PL11-0) | L6S (LLLL-2py) | 292 e-1
€800 €00 (Log1-999) | 2v9 (889¥-065 1) | 8982 (8v95-€65€) | 687 €-1 dNH

Page | 157



2200-0 620 (915-0) | 02 (9662-02€€) | 875G (62€8-1€29) | 9829 0L10X0
12000 620 (o1-22) | L5 (8e1v-65¢€h) | €522 (ce12-6L02) | Love 8710X0
LLO-0 200 (ce-2) | ot (co1-0¢) | 0 (51-29) | 801 100
¥20-0 €10 (ge-92) | o (coL-8¢) | ¢s (re1-89) | ¥8 €100
9/00:0 08-0 (80G-v€9) | ¥89 (281G-ve8l) | ceee (ce0.-86.1) | 262 2100
010-0 69-0 (€9-0 | 0 (9Leeg-€v9) | LELL (evze-099) | sevi €-110X0
910 020 (96:0-0) | 710 (18-8-G2:0) | ¥S-¢ (6:71-18-0) | 9-2 VI
- LEO (c-0 |0 (lee-0) | 0 (0c02-0) | €2t 8L-1I
2100 GL-0 (0-0 |0 (e€2-0) | 95 (528-G2) | 29t t4 4|
0€0-0 0v-0 (61-0 | € (e8le-czl) | 2es (e516-99¢) | 2LL 9-1I
2Lo-0 2L0 (c-0 |0 (6-0) | (€1-0 | € g
0200-0 620 (¥1-0 | 0 (rLe-5v) | Lie (926-291) | vOE oL-1I
0t00-0 .10 (0|0 (€Ly-89) | vLe (882-892) | 9.¢ A-NdI
8€00-0 €v0-0 (¥1-0) | 0 (r12-82) | 92t (S2v-Gv1) | ¥92 4ANL
GL0-0 L0 (c-0 |0 (Lge-0) | ve (667-82) | 891 ovdzi-1
GL0 080 (98-2¢) | 85 (ev1-€9) | 86 (8z1-€9) | v6 2o-N4dl
95000 120 (c-0 |0 (82-1) | 61 (cz-9) | et 4S0-ND
9/00:0 110 (Lez-19) | v2 (622 1-80%) | G¥9 (rS52-229) | 2LSL 480-9
2e0 L1L0-0 (ov-9) | 22 (ev1-9) | vs (€9¢-06) | 802 sajfooydwi
S¥0-0 1200-0 (c-0 |0 (1-0 | 2 (rve-21) | e s|ydoanaN
anjea-d anjea-d (gol) | uetpaw (gol) | uetpaw (gol) | ueipaw 4 w/6d
IN Bau }n9 s |N sod 3no SIdl SA IN sod yn9 (21=u) sidI-uou-wglL bau 3ng (9=u) s1dI-uou-NgL sod 3no (91=u) SiHI-NaL Jojeipay

(S1di-uou-Ngl) LUV BunJels Ja)e s)ya9m g 1o SIHI-INgL 1e suaned (IN Bau yn9)
Siyl-uou- gl aAnebau-ain}nd sisonadaqny ‘W 4SO pue (IN sod }n9) Ssidi-uou-Ngl @Aisod-aunynd sisojnasaqny ‘W
4S9 ‘SIdI-ING1 usdamlaq Suoel1uaduod Jojeipauw (4S9) piny jeuidsoaqgaiad jo uosuuedwo) "6 9|qel Aejuswajddng

Page | 158



049z alam sdnoib Joresedwod y1oqg JO sueipaw syl JI pawiopiad 10U a1am seshjeue [eol1SielS

VSI73 40 xa|dijnw XaulwnT Yyim paAesSe SuOIjeJluaduod Jojeipall aJe UMOYS S}nsay

oljel e se pajuasaid si 1eyl L-dINIL/6-dININ Pue Jayijjiw Jad syun se pajusasald s| jey; o) uisdayie) 4o} 1deoxa Jayjijiw Jod sweibooid ale syun |
dnoub Jojesedw oo 03 pasedwod syusined SY|-uou-|\gl dAllsod ainynd ul pasealosap (50-0>d) Ajpueoiiubis suoieliusouo)

dnoub Jojesedw oo 03 pasedwod sjuaijed SiY|-uou-|Ngl dAllsod ainynd ul pasealoul (G0-0>d) Ajpueoiiubis suoneliusouo)

sdnoub usamiaq sisAjeue 10} sanjea-d

abuel ajiuenbuaiul ‘Y| (Adeisy} [elIAOIIBIIUR ‘| HY [SUOKBIABIQQE JO SuonIulad

Page | 159

2100 -0 (60-0-10-0) | €0:0 (ev-2-10-0) | 821 (S0-1-60-0) | ¥€-0 L-dINIL/6-dININ
L9-0 7100 (reess-6LEv2) | 00097 (e85e5-186€2) | 58862 (08916-012¢9) | 08e89 2-dINIL
GL0 L10:0 (S1¥16-20992) | 62.SY (92v222-5881Y) | LEELB (00+296-0026%1) | 00LESY 1-dINILL
20 6€0-0 (Se-v1) | 9L (Zg-11) | 9L (€6-92) | OF oL-dIANIIN
€000 810 (9666-20¢) | 8€6 (880892-70€61) | 89628 (00%081-017¥8) | 0006EL 6-dAIN
820 810 (€8e-004) | GG (8et-051) | 882 (918-282) | 92¥ L-dNIN
GL0 €50 (606-262) | 8S¥ (e222-v99) | 958 (ov8e-19y) | €Syt e-dNIN
€70 1200 (svvie-s622l) | 9288L (rLsyy-8Lerl) | 0£682 (08102-0262€) | 0L06Y 2-dAIN
€0-0 ¥2-0 (11-0) | 2 (2€€-9) | G004 (QLe-v¢) | €2 L-dININ
020 01+00-0 (0zt01-0) | O (es161-0) | 9vesH (0008%-00022) | 00SEE 6V/8V00LS
200 G0 (c-0 |0 (1089-0) | 80¥ (0ge04-0) | 050k ego
22000 160 (56€-0) | oL (0SEL-2¥2) | 2211 (0821-0504) | OGHL g-uieoodn
¥9-0 G0 (01-0 | 0 (G20 | ¥ (F1-6) | Lt o uisdayied
L0 2e0 (Lee-0) | 902 (8ge1-0) | ¥8¢ (ezel-vie) | 61 28-11
G€0-0 2e0 (859-01¥) | 08¥ (6129-616) | evve (8229-2982) | 90v¥ €1 dNH




100 L10 19-:0 S6-0 S0-0 120 610 980 800 00 €80 980 Le-11
910 450} 00°+ 98:0 160 810 €80 L2-0 S¥-0 LH0 €60 k20 €-1 dNH
S0-0 S0:0 0S-0 S6:0 S0-0 S0-0 180 980 ce0 ¥¥-0 44l 980 0LT10XO
200 €00 280 980 90-0 €0-0 [44l0) 980 180 190 A1) 98:0 8710X0
80-0 900 180 980 0L0 10 S6-0 980 S0-0 L10 00k 98:0 100
820 LL0 950 98-0 Le-0 Y10 660 S6:0 200 2e0 280 980 €100
80-0 €00 €y-0 060 ¥9-0 9¢-0 §e0 98-0 ¥9-0 760 erAl0) 980 ¢100
S0-0 ¥0:0 €80 980 S0-0 €0-0 020 980 G50 9.0 660 980 €-1710X0
S0-0 €00 00+ 980 290 €9-0 00k S6-0 ¢6-0 90-0 S6-0 98:0 \ZA% |
6%-0 €90 Sy-0 €60 020 9.0 §c0 12-0 44l L10 S8-0 98:0 si-l
90 LL0 0S-0 S6-0 80-0 10 G20 98-0 640 L0 -0 00t 2c-1
80-0 S0-0 ¥2-0 980 S0-0 €0-0 90 980 [44l0] 00 S6-0 980 9-T1
780 980 (4] 980 Sc0 820 150 S6-0 850 €60 020 98:0 dr-
900 S0-0 00+ S6-0 800 800 69-0 980 800 0€-0 00k 98:0 ok-TI
S0-0 €00 90 S6-0 100 €0-0 910 98-0 920 89-0 ¥2-:0 980 A-NdI
80-0 200 €80 980 200 200 2e0 980 810 9¢-0 L2-0 980 dINL
98:0 00k 0S:0 98:0 180 S0-0 90 980 10 8¢0 620 S6:0 ovdel-T1
g0 se0 00+ S6-0 820 290 00k 980 ¢80 860 180 980 CP-NdI
¥0-0 L0-0 00°+ S6-0 800 S0 020 160 ¥2:0 89-0 90 980 4S0-WO
§S-0 [4=] 19-0 98-0 ¥9-0 €0-0 S6-0 98-0 L0 9¢-0 280 L2:0 480-9
salho sa)ho sajfo s91A0 sajho sajho
-oydwAq sjiydoaynaN -oydwA sjiydoaynaN -oydwAr sjiydosinaN -oydwAq sjiydoaynaN -oydwAr sjiydoinaN -oydwiq sjiydosynaN
Sidl-uou-NglL SidI-nglL Sidl-uou-|NgL SIdI-nNgL Sid|-uou-NglL SidI-NglL
» LHV Buinie)s saye syoam g 14V Bunueis sisoubelp NgL

J swn Jano sjuaned giyj-uou-AIgl pue SIHI-INFGL Ul Sjunod |19 aj1AooydwA|
pue jlydoJinau pue siojeipaw pinj} jeuidso.uqaliad usamlaq Uolle|a4109 Jo sanjen-d ‘0l d|qel Atejuswa|ddng

Page | 160



SIHI-INGL Jo dwi} e sBuipuy sejedipul julodawil 1HY Builels Jeye syeem g, 8y} ‘SidI-INgL pedojeasp oym sjusiied Jod
uoile|a1J00 yoes Joy paiedipul aJe (fiaquooH pue luiweluag) a1ed AloanoosIp as|ey} e o) palisnipe senjea-d |

paJ ul paybiybiy aJte (G0-0>d) suone|aiod yueoiiubis

Adeuayy |esinoaaailue 14y ‘siubuiuaw snojnoJagni ‘Ngl -suoneinelqqe JO suoiuleg

99-0 620 180 120 €20 190 00k §6-0 G50 8G-0 /80 G6:0 ¢-dIL
g0 70 0¢-0 980 Ge0 Le-0 0¢-0 98:0 610 200 €8:0 06:0 F-dINIL
180 L6-0 660 §6:0 800 /80 €80 98-0 8¢0 8¢-0 ¥¢-0 G6-0 Ol-dANIN
900 €00 560 980 S0-0 €0-0 91-0 98-0 6G-0 86-0 ¢0 98-0 6-dNIN
0¢-0 920 91-0 §6:0 ¥0-0 89:0 610 §6:0 €20 980 §6:0 98:0 L-dANIN
¥9:0 08:0 19-0 §6:0 67:0 9.:0 9.0 98:0 ¢0 S0-0 00k 98:0 €-dAIN
900 €20 0S-0 §6:0 ¥0-0 290 ¥2-0 98-0 80-0 290 00t 160 ¢-dANIN
S¥-0 €90 910 06-0 GG-0 80-0 91-0 06-0 L0 Ge-0 €60 98-0 L-dANIN
¥9-0 610 860 §6:0 ¢s0 €0-0 Sc0 120 0€-0 L10 00k 16-0 6V/8V00LS
¥9:0 89:0 ¢c0 §6:0 800 S0-0 8¢0 §6:0 90 16-0 §6:0 98:0 esd
LL-0 800 00+ 060 800 ¥0-0 90 L0 180 LL0 ¢80 98:0 g-uieoodn
9€-0 950 0¢-0 980 ¥9:0 124" cc0 §6:0 Lc0 19-0 19-0 98-0 o uisdayied

Page | 161



"uole|a.109 aniebau e Bunuasaidal an|q pue aAllisod e Bunuasaidal pal yim Uolje|a.i0d 8y} Jo apnjubew saieaipul :Aay J0j0D

c0-

¥'0- 90— 80—

so0 avo svo ] (1] ] ]
seoon 20 o]
20 520 30 soo seolf]
w030 20 wvo sz v [ff] ]
worszawr-zamaszo-soo ]
wowa o zwo o oo seo ]I 0 I u
w20 w1 390 220 619 w0 seosoo-sso ] n
[ ]
[ ]

20650 svo b 620 500 250 550 oz seo ]

000 v0 020 ono0-003 50 819 s vz so [
010 590 620 v vo- ov0 s 220 90 wo avo sso I 11 [ 10 [
a0 20 wwoswu-sro-era zvo ssa sro svo svo vo [ 10 10 I 0 I
200 80 110 270 st0500-8r0 120 30 160 80 850 550 10

e [ ] | | |

440 3700 v a0 v v v 20 e 0 v 0 s v o 10 [ []

510280 210 120 8270 £0'0 250

w0 sow arosmo- 0 0
0 690 0 50 50500 150 0 550 0 50 10 690 250 150 150 109 50 o]

800 E6'0Z10-95'0 L0'0-£10- 110 910 910 500 K0 9D 250 190 €0 210 ST 9ED 250 250

o707 103 0 100 0 260260 o7 50 80 50 v 10 0 0 90 0 1 0
0 o080 7050820 210 520 640 0 90 850 v 0 20660 v 50 550 0zl
0 290249 50 0 200 660 570 570 559 0 70650250 0 290 650 50 20 299 50 0 50 [}

200 670 10 270 8270 210 SE'0 800 110 ¥ED 680 ZE0 SE0 EED SO 89°0 10 99°0 10 80 9ED 90 990 bL

800 850 91°0 $0 SL'0 100 E0 S0 €0 9E'0 80 SE'0 L€ 90 60 89'0 60 9'0 €50 850 80 €90 L0 9L0 6L0.

015000803800 0 0 80 70 850 5070 60 950 670 810 0 0 290 50 50 950 v sl

B 0 svoswo-avo somov-sz0 s s avosao-sro o[
000~ 40.00 0BT 0 o 00RO om0 800 00 030 09 -cz0 voJl]
L0200 50 490120 620 70 o 250 50 0 550 v 220 50/ av0 0 50 850 850 0 o0 203 0 w0 0 o[ 1 [

00670500650 20RO 70 A0 57010 640 40 ¥ 550 0 v 850660 40 550 529 50 990850 v 50 o avoewo-scolf],

0 505000620 0 50 0 0 0500 0 370 50 50 90 5908 50 150 550 70 670 v 0 0 550 5o

0 50 0 250 70 60 O8O0 0 o 70 610V 0 50 550 50 70 620640 o 50 50 0 w0 10 oo o svoll

=

\ZA%a |
6v/8Y001S
OL-dAIN
6-dAIN
L-dAN
¢-dAN
L=dINN
¢-dIL
L=diNIL
€-dININ

9 uisdayied
28T

€= dNH
©go
g-uieoodi]
0LT0X0
cc
811
870X0
ol
eeqL-|
o=
ewweb-N-|
4NL

100
€100
2100
ovdg1=I
ceydie-N4|
€-1710X0
4S0-N9D
4809
sayhooydwA

#0650 S0 100500-610 LZ0BVE- 20 1 1O Y0 ICONIO- 10 810 ¥ 950 4¥0 BE0EDD-40 K0 170 260 sz0zue-2z0-00-000 o iz0 zzo [ siudonnen

FOZZTZZZIAAdZOCIOCOFRFFOFFFTIIdQOOOFRTFOOO
LgsEsssss8 2oL L Ll 250000 2X2]
ST TrPTPrge  §ORER gL TRLREIRLY
D2ONN 22O ] =3 =] @ ] VdﬂS._._
s © < [~} B o 3 STbm
o N 3 R

[o] o

sejhooydwA

sjiydosinaN

c0 0 c0-

¥'0- 90— 80~

rr—— | ] []
swo-avo avosoo- +o [

worsro oo szo o] 1 M ] [ ]
wosco-czonosoo | []

w310 av0 50 sz0 220 50 o]

820 500 0 70 250 vo- seo ] [ | [] []
0100 1o 560 av0 s20 a0 sov-zvo o [ [ ] 1| u

o050 509 w0 00 800 vossorsz o vl

w0 52000 o220 vo o avo o s
s |
co-sovart-se0 10 vo- woimorsor: 0 woszsov- ol

400 £00 £00 210 170

50200100 620 500 800 ££0510-500 50 860 810 150 20 svo [ [] []
090 0500~ 50 0 520 woRvo-v1 v 50 50 - szarao-seo | u u
Lwotsta w0 o avo v ssazoo- o a0 aza s20 o v sva c0 sroff| ]
3001520 20 0030005701 0 650 c0210-600 200 60 200 o [ ] LI |
807300 310 520 0. £0 ev0 s0-510-250 1v0 €50 520 sw0 20 300 0 seo e [ 11 [ 1 [ []

bvo-a 0 0 0 s vo-ava 50 0 70 20 0 50 o v v [ m
0053 0, 70 550 0- v 50 560 08007225 70 v o sva a0 0 o 0 [
T ||

ST0SS T FO-240 620640 Y0 0RO o o7 o 500 50 260570 20 o 60 sz v s vo v oo [ I

vo 200

Vo~ 100 v 0- 120 107

1H0-90'0- 20~ £¥°0 5570 22

S04 70 590 60 - 220 60 50 590 49 v 0 850 0 50 sovzvo-sel ]

520620 1270 510 £0'0 £K0 25°0 Z0- 810 €50 120 120 ST0 ¥E'0 £Z0 S50 910 80 00 ¥0 SO ¥0 500 ¥O 0 €00 TO 1T

zz0 510 €20 120 0 290 810 810 ZE0 €0 820 SZ'0 200 250 9E'

IO ATOMTOY0 0 SO ATY- 0 310800 09RO B0 OBKTLEYD 0 0 0 50 40 oosvo- o e ow o] I

Ko 0320 03 ) 70 s om0 62065 50 50 209 50 042066 0 25050 50 v 620 vo w0 vo v v [

SO0 3E0-270]00 0 B0 Y0 BT ETO18K0 10 370 00 50/ 50 0 o~ 000 500 550 r0BwO-ro16e0 50, +0 v 0 avolfl]

:s.Z_..;_: _:In
F0NZZEZEZETddZOFIQCOFFQFFFESIQQQFTQR0
L 2EEEZEEZZELTZOTE L LA L LLZ2000 L 2R
SEPPPUPPPrESl gER®P"Fos "hbhbRAR LA
VBLG/_ZLZLSw ] =3 © o8 o W.m|_.8.:
23 2 o 3 & 3 SZwm
© by ro 3 1)

sapfooydwA
sjiydosnnanN

‘apnyubew

a1njosge Jajealb e Bunuasaidal an|g pue paJ JO SpeYS JOMJEP PUB 9ZIS PaSEaIOUl UM anjeA 1 8y} Juasaidas Apejiwis ydelb ayy JO Jey JoMo| U] 8y}
ul salenbs ayj Jo apeys pue azis ay| "ydeib ay} jo ey Joddn ybu 8yl Ul papn|oul SenjeA 1 8y} YIM (1) neyl s, [[epudy] AQ pajewilss alom suolie|alio)

=

25|
6V/8Y001S
OL=dININ
6-dININ
L-dININ
2-dININ
L-dININ
2-diIL
L-dINIL
€-diNIN

o uisdeyed
-1

€-1 dNH
€50
g-uieoodr]
0L10XD
22l
811l
810X0
91l
eleg-1|
oLl
ewweb-Nd|
ELV

100
€100
2100
ovdzL-TI
ceydie-N4l
€-110X0
4S0-NO
480-9
saphooydwA

10 0 110 sv0 620 620 910 120 szopro-sro-erosoo- izorro-szo wo czo [ spudonnen

"sisoubeip NgL1 e sjuaned (g) sidl-uou-NgLl pue (v)

SIHI-INEL JO 4S9 ul painseaw siojeipaw pue sjiydoJinau ‘sajfooydwA| usamiaq uone|a4409) °L ainbi4 Atejuswaiddng

Page | 162



"uole|a.109 aniebau e Bunuasaidal an|q pue aAllisod e Bunuasaidal pal yim Uoljea.iod sy} Jo apniubew saieaipul :Aay J0j0D

c0-

¥'0- 90— 80— -

\ZA%a |
EENEE T EEEEEEEE NN EEE Wevsvoois
0l—dAN
EEEN - EECEEEN B EEE SN e-ann
B -dnww
svo/sv0 5c0 oro ssof]. [ ] B z-aaw
eve- w0 w0 szosoo-sou ] El | || L=dINN
260~ 220 €20 £008Y 2-dIL
sz0-220 50 570 100 20 ovo wo [ I | ] [ ] EEE L=dIL
w0020, 50 o500 550 o0 s [ [ e-dInN
sro-570 510 20 200 200 670 20 v seo [ [] ] 9 uisdayien
520,300 70 570 650 wo wosco- o a0 zoo [ B e
0-657 10 160 100 250 950 520 620 210 1t €1 dNH
21890 80 550 e10 w0 90 550 550 250 850 sz sco [ ] M esHo
500 270 250 590 870 220 80 510 650 zv0 v 570 1o oo [ I M z-uiieoodi
900 150 5270 £90 £ €50 920200 670 420 L1 SZ0 10 25 B E oroxo
#0650 050 670 500 £0 850 520 230 870 120 620 250 150 150 svo [JJJ| 221l
500550 50 260 810 10 150 520 070 s 50 250 80 50 sv0 zv0 seo [ | ] 8111
120 50 810 220 120 20 520 300 157 170 220 570 520 950 w0 w0 v eco [ I 10 [ M s10%x0
600 670 570 90 270 650 2v0 800 50 150 260 850 980 190 920 50 659 svo zwo [ WMo
20-5v0 970 650 400 120/ 50 250 250 150 950 900 150 020 250 ev0 50 v wwo svo [ I eaqL-|
500 50 570 850 270 +%°0 £70 600 850 570 50 210 95 250 290 120 550 1o 650 90 5o [ o1
500 570 91°0 990 170 620 0 600 £v0 SE0 £0 650 50 90| L0 950 19'0 0 190 L0 50 0] B ewweb-N4|
100- 670 810 890 270 650 620 00 870 280 220 Z0 950 290 650 20 +50 w0 030 590 vso szo v [ I I I I ANL
Vo~ 50 550 40 £10 170 550670 850 50 ¥0 110 610 950 850 5 v 6c0 o ss0 wwo svo coo eso [J I 1 I +100
S0 50 510 ¥ 210 50 170 210 850 220 v 110 120 50 157 8v0 v0 10 zv0 250 ss0 zso svo swo o [ I €100
500 130 900 170 610 570 500 10 120 620 570 100 620 650 9¥' 660 &0 50 250 250 o1 550 v s50 seo swof 2100

0790 20 670 00 30 50 370 v 70 660 0 950 70 90 40 o 150150/ 50 0/ 20 20 190 50 w0 vl

HEEE  Wovde
zeydie-N4|

540 50 120 20 120 10 970 500 5 150 270 550 850 20 520 550 390 250 120 550 50 82020 520 30 90 v svosoo- [ [l 10 1 [ €-110%0

€40 S0 110 L6 610 20 6Z0E00- 620 £Z0 E0 810 EE0 S0 65°0 290 £0 610 950 150 1D 120 890 10| IS0 950 90 850 5K 0~ELD 4S0-ND
el va 3 o] ool 3 sobosLpeave] 7 s s s ] o olov s sl 3 solevaacolfl] - M| 4500
140/310 650 230 290 650 110.70-520 51D 10 50 100 270 ¥0 250 90 €0 570 50 620 650 0¥ 2v0 60 ez0 vo izonzo-veo wo vo []  serooydwikq

#1020 50 690110 v 50 210 S0 800 270 600 60 850 657 60 €70 10 850 851 150 w10 650 sv0 st sc0 620 ssono-oso vo sso szo ] syudonnen

= o =4 - C = e =] =T g
T2EEEESZEERTZRSRTTRTTTI28887T 3820957
Lo ESESSEEEEL ) SR80 L6 LLEFRRPRLEENSL 32
SEPFPITIPFEe I gERE " go "RLh LR 0RT S
>ELoUbLLLLTD £ © o 5] R+ opm
€3 MLeR oL S8 5 5 8354738
& 2 b | SReT 27
o} s &

c0-

'0-

oo exosoossa ool
wolscolezamolesswoffll - I [

oz 20 pov-azozo-aa ]
0 100 259 0 v 20 a0 vl
50 aaco-sv0 w009 00 v0 [l

20 o o o sea v sose-scn o [

110 65°050'0-29'0 200 €50 870550~ 110B0:

20 savo-sza oo~ w0 560 10 570 s0aksn o 303 5o szosov- 70 seo]

0 saio-ag0 170 120 850 10 s 0 v 0 590 v 0 a0 v v v ]

90—

£50 620 100 50 120 50 6200 50 570 651 50 10 30 820 29 s ss0 vz svo o [ N [N O O 1

80 250 L0'0- 620 950 S0 ¥S'0L00-950 70 990 80 S0 Y0 820 950 L0 €50 620 850 950 850

170, o B0~ 120 a0 150 E0BF-5E0 Y0 50 0 w0 70 15050 90 2v 0 wo vz oo oo [ 0 [ I

8'0—

160 2£0%70- £0 650 250 305050 £ 90 150 50 70 650 950 250 ov0 c20 950 20 050 s 0 ovo cro [ 1 [ 1 I

510 ££'0 800 £9'0 850 40 S0 Z0'0- ¥5'0 900 250 ZED $E0 S0/ ST S0 SYO 9¥'0 650 E0 ¥Z0 SO 950 590 vED VO

0 5043780 10 650 LD 650 50 0 9 510 50 650 250 30 60 420 v v 199 0 70 560 v 50 w0 0[]

52090 570 0 70 650 EOBHDL 50 30 50 520 90 0] v 0 19050 60 60 3004 o a0 50 a0 0 520 w0 50 v o]

‘apnyubew

a1njosqe Jajealb e Bunuasaidal an|g pue paJ JO SpeYS JOMJEP PUB 9ZIS PasSEaIdUl UM anjeA 1 sy} Juasaidas Apejiwis ydelb ayi JO Jey Jomo| 4| 8y}
ul salenbs ayj Jo apeys pue azis ay| "ydeib ay} Jo jey Joddn ybu 8yl Ul papn|oul SenjeA 1 8y} YIM (1) nel s, [[epudy] AQ palewilss alom suolie|alio)

-

vl
6V/8V00LS
Ob-dWIN
6-dINW
L=dINW
2-diN
-diN
Z-diIL
L=diIL
£-diN

9 uisdayien
8-

€= dNH
eso

[ 2-uireoodr]

0LT10X0
tall

8111
810X0

91l

Bleq L=l
o1
ewweb-N4|
dNL

100

€100

2100
ovdzi-=1I
geydie-N4|
€-170X0
4S0-ND
480-9
salfooydwiA

#0040 20 S20100-510 V0 L0 52040-00 570 80 400 50 KO 70 0¥ 220 $Z0L00-6K0 70 2K 210 200 s 20 svo-szajoa-ico zo [ spudonneny

FQZZTZIZEJdIdEQFT
LogEgggzzzz2| 2
JSOTTTTTTTOZR
S>EL L L8N
P2ONND =P ]
> ° Z [
© o)

O
eg
)

2—-uireoodi

Q
X
[9)
[
o

T
N
N

=
|

®

870X0

9-1I
eleq -l
I

|

oLl
ewweb-N4

ANL
100
€100
2100

sajfooydwi

sjiydonnan

"Mels LYV je sjuaned (g) sidi-uou-Ngdl pue (v)

SIHI-INGL J0 4S9 ul painseaw sJojeipaw pue sjiydoinau ‘sajfooydwA] usamiaq uonejaiion g ainbi4 Aiejuswa|ddng

Page | 163



"uole|a.109 aniebau e Bunuasaidal an|q pue aAllisod e Bunuasaidal pal yim Uoljea.iod 8y} Jo apnyjubew saiealpul A8y J0j0D

‘apnyubew

a1njosge Jajealb e Bunuasaidal an|g pue paJ JO SpeYS JOMJEP PUB 9ZIS PaSEaIOUl UM anjeA 1 8y} Juasaidas Apejiwis ydelb ayy JO Jey JoMo| U] 8y}
ul salenbs ayj Jo apeys pue azis ay| "ydeib ay} jo ey Joddn ybu 8yl Ul papn|oul SenjeA 1 8y} YIM (1) neyl s, [[epudy] AQ pajewilss alom suolie|alio)

¢0- Vvo-

90— 80— -

[ ] [ ] My
6Y/8Y001+S
0k-dININ

M 6-annw
L=dININ
2-dININ
L-dININ
2-dIIL
b=dINIL
€-dININ
o uisdayien
e~
€-1 dNH
'S0
g-uieood]

I 01710%x0
221l
8-l

M 810x0

Mo
eleq}-|

L]

WM ewweb-N-|
ANL
#1020
€100

M 2100
ovdz1=I
zeydie-N4|

oo M e-110x0

= OFFEQFEFEFE T cz
L3 ShLgenl 2 58
NS PR ood h=i-4
> 2 = ® 2 9 33
o
> o 3 Q=
© 3 27
» »

[

0

c0-

v'0-

6V/8V00+S

0l-dAIN

€-dWIN
D uisdeyied

8-T
€1 dNH

o)

90—

80—

faaall

8111

eRqL-Tl

o=l
ewweb-N4|

ANL
100
€100
2100

opdzL=TI
ceydie-NdI

€-110X0

sapfooydwA

I

sjiydonnan

VLI
6V/8V00tS
OL-dAIN
6-dAN
L-dAIN
2-dAIN
=dAN
2-dNIL
F=diNIL
e-dAIN

9 uisdayied
e~

€= dNH
BGO
Z-uleood]
0110X0
f2all
8111
810X0
91l
eRqL-T|
oL=T1
ewweb-N4|
dNL

100
€100
2100
ovdzi-=1I
geydie-N4|
€-170X0
4S0-NO
480-9
sajfooydwiA

[l siudoanen

‘(Sidi-uou-Ngl) Hels 1HY 1ol s)aam g Jo uonejuasaid SiHI-INgL 1e siualjed (g) sidi-uou-NgdL pue (v)
SIHI-INEL JO 4S9 ul painseaw siojeipaw pue sjiydoJinau ‘sajfooydwA| usamiaq uone|a4409 ¢ ainbi4 Atejuswaiddng

Page | 164



Supplement-References

1. Bhigjee Al, Padayachee R, Paruk H, Hallwirth-Pillay KD, Marais S,
Connoly C. Diagnosis of tuberculous meningitis: clinical and labora-

tory parameters. Int J Infect Dis 2007;11:348-54.

2. Meintjes G, Lawn SD, Scano F, Maartens G, French MA, Worodria
W, Elliott JH, Murdoch D, Wilkinson RJ, Seyler C, John L, van der
Loeff MS, Reiss P, Lynen L, Janoff EN, Gilks C, Colebunders R. Tuber-
culosis-associated immune reconstitution inflammatory syndrome:
case definitions for use in resource-limited settings. Lancet Infect Dis
2008;8:516-23.

3. Marais S, Meintjes G, Pepper DJ, Dodd LE, Schutz C, Ismail Z, Wilkin-
son KA, Wilkinson RJ. Frequency, severity, and prediction of tubercu-
lous meningitis immune reconstitution inflammatory syndrome. Clin
Infect Dis 2013;56:450-60.

4.  Price RW, Spudich S. Antiretroviral therapy and central nervous sys-
tem HIV type 1 infection. J Infect Dis 2008;197 Suppl 3:5294-306.

5.  Hochberg YBY. Controlling the false discovery rate: a practical and

powerful approach to multiple testing. . Journal of the Royal Statistical

Society Series B 1995;57:289-300.

Page | 165






Chapter 7

Page | 167






Conclusions

Tuberculous meningitis is a devastating disease in HIV-infected patients.
Clinicians face numerous challenges in the management of HIV-associated
TBM as diagnosing TBM is often difficult, the optimal treatment strategy
for TBM is uncertain, and neurological TB-IRIS occurs in a substantial
proportion of these patients. A better understanding of HIV-associated
TBM is imperative to direct future local and international research with the
ultimate aim of improving outcome in affected patients. South Africa is at
the epicenter of the TB/HIV syndemic and in Cape Town, GF Jooste Hospital
(until its temporary decommissioning in 2013) served those communities
that are most affected by these diseases, providing an ideal setting to study

HIV-associated TBM.

This thesis reports studies that investigated a continuum of pertinent
aspects of HIV-associated TBM. In Chapter 3, a consensus case definition
for use in TBM regardless of HIV-status is presented. Chapter 4 reports
the disease burden and characteristics of HIV-associated TBM, and the
contribution of neurological TB-IRIS to CNS deterioration during the first
year of ART, in patients at a referral hospital in Cape Town. In Chapter 5
the first prospective study of TBM-IRIS is described and finally, Chapter 6

examines the immunopathogenesis of TBM-IRIS.

In the first study presented in Chapter 4 (Part 1 of Chapter 4), we report the
clinical characteristics, frequency and outcome of definite, probable and
possible TBM cases who presented to hospital over a 6-month period. We
found that TBM accounted for more than 50% of adult meningitis cases

and that 88% of affected patients were HIV-infected. The majority of HIV-
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infected TBM cases was severely immunosuppressed (median CD4 count:
79 cells/uL), and was not receiving ART. We further found an increasing
proportional contribution of TBM to meningitis cases over time; Jarvis et
al. reported that during 2006-2008, CM was the most common cause of
microbiologically confirmed meningitis (63%), compared to a minority of
cases caused by M. tuberculosis (28%), at GF Jooste Hospital, whereas
during our study period (March 2009-August 2009), TBM (44%) and CM
(45%) contributed equally to this group. As discussed in Chapter 4, this
proportional shift could be explained by the rapid increase in ART availability
during this period, resulting in less patients reaching the severity of immune
suppression that associates with CM. Our study emphasizes the poor
outcome in TBM in spite of increased access to ART in the referral area;
almost 50% of HIV-infected TBM patients were dead at 6-months follow-
up and the majority of deaths occurred during the first month of treatment.
Risk factors identified for mortality in HIV-associated TBM included low
CD4 count, more severe TBM disease (BMRC grade Il and Ill versus I)
and not receiving ART during TB treatment. These findings highlight the
urgent need to identify and treat HIV infection prior to the development of
severe immunosuppression, and the need for evidence-based treatment

strategies in TBM.

During the second study reported in Chapter 4 (Part 2 of Chapter 4) all
patients who presented with CNS deterioration during the first year of
ART over a 1-year period were enrolled, with the exception of those who
presented with delirium secondary to a general medical condition. Seventy-
five patients met the inclusion criteria which provided an incidence of
referral of 23.3 cases [95% CI; 18.3-29.2] per 1000 patient-years at risk.

This high incidence rate emphasizes the significant morbidity caused by
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CNS disorders in HIV-infected persons, in spite of them receiving ART.
This study further provides a comprehensive description of the most
common differential diagnoses to consider in patients who present with
CNS deterioration after ART initiation in our and other high TB/HIV co-
infection settings. TB was the most frequent cause, accounting for 36%
of cases, followed by CM that occurred in 24% of cases. Importantly,
of patients who presented with CNS TB, the vast majority (16/27 cases)
presented with paradoxical TB-IRIS. However, some other reasons for
deterioration due to TB related to poor compliance to TB treatment in five,
and MDR TB in two, patients respectively. These observations highlight the
importance of obtaining a good history, and sending clinical specimens to
rule out drug resistance, in neurological TB-IRIS suspects. Neurological
TB-IRIS presented with diverse manifestations, including meningitis that
was the most frequent manifestation, intracerebral tuberculoma (s), spinal
arachnoiditis and a spinal epidural abscess. 15/16 TB-IRIS patients were
alive, and outcome for one patient was unknown, at 6-months follow-up.
Thirteen of these patients received corticosteroids during the IRIS episode,
which might have contributed to their favorable outcome. However, a
caveat is that a diagnosis could not be established in nine of 16 patients
who presented with intracerebral space occupying lesions and of these
nine, six were dead at 6-months follow-up. It is possible that some of these
cases had TB-IRIS (manifesting as tuberculomas) and died as a result, and
that we therefore underestimated the mortality associated with neurological

TB-IRIS.

The studies reported in Chapters 5 and 6 prospectively investigated
paradoxical TBM-IRIS in TBM patients. Over a 20-month period, ART-

naive HIV-infected patients who presented with TBM were enrolled. TBM
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was diagnosed according to a published case definition and we excluded
patients with the most severe TBM disease (i.e. BMRC disease grade llI).
Patients were started on TB treatment and prednisone and commenced ART
two weeks later. We collected clinical specimens at these two timepoints
as well as two weeks after ART initiation and at any time that a patient
developed TBM-IRIS (which was diagnosed according to the INSHI case
definition for paradoxical TB-IRIS modified for meningitis) as well as two
weeks after IRIS presentation. Findings were compared between patients

who developed TBM-IRIS and those who did not.

As presented in Chapter 5, TBM-IRIS was a frequent complication of ART
in TBM patients; 47% (16/34) of patients included in the final analysis
developed TBM-IRIS, indicating the importance of anticipating this
complication in TBM patients who start ART. A short interval between
starting TB treatment and ART is a risk factor for TB-IRIS and our patients
commenced ART two weeks after TB treatment initiation. Disseminated
disease is a further risk factor for TB-IRIS and all our patients had
meningitis. These two factors likely contributed to the high incidence of
TBM-IRIS in our study. As discussed in Chapter 2, current South African
Department of Health guidelines suggest delaying ART to 4-6 weeks after
TB treatment initiation in all TBM patients because of the heightened
risk of developing life-threatening neurological TB-IRIS with early ART .
Low baseline CD4 count is a strong predictor of TB-IRIS 2 3. However, we
observed only a trend for lower CD4 counts at ART initiation in patients
who developed TBM-IRIS, which could be explained by our small sample
size. Of importance is the finding of an association between high baseline
CSF neutrophil count and subsequent TBM-IRIS. Although there was a

wide range of CSF neutrophil counts both in patients who developed TBM-
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IRIS and those who did not, clinicians should be aware of the increased risk
of TBM-IRIS when neutrophils are present. Furthermore, the association
between neutrophils and subsequent IRIS suggested a pivotal role for
the innate system in TBM-IRIS pathogenesis, which directed our further
studies presented in Chapter 6. We also found that a high bacillary load
predicted TBM-IRIS; M. tuberculosis was cultured from the CSF of 15/16
TBM-IRIS patients, compared to 6/18 patients who did not develop TBM-
IRIS, at TBM diagnosis. Culture remained positive in seven and two TBM-
IRIS patients at two and four weeks on TB treatment, respectively, whereas
none of the patients who did not develop TBM-IRIS were culture-positive
at these subsequent timepoints. Given these observations, it is plausible
that more rapid mycobacterial killing in the CNS early during TB treatment

will decrease the probability of subsequent TBM-IRIS.

Corticosteroids did not prevent TBM-IRIS (13/16 IRIS patients were receiving
prednisone at TBM-IRIS presentation). Although a possible explanation is
that the dose was suboptimal to suppress CNS inflammation adequately, this
finding highlights the need for studies to explore other immunomodulatory
therapies for the prevention of TBM-IRIS. TBM-IRIS presented with severe,
often atypical, features of inflammation such as radiculomyelitis and
pachymeningitis. Corticosteroids were started or increased at TBM-IRIS
presentation in all patients but regardless, two patients died due to TBM-
IRIS. These finding suggests that corticosteroids at a dose of 1.5-2 mg/kg/
day may be of benefitin some but not all TBM-IRIS cases. Although 15 of the
16 TBM-IRIS patients experienced symptomatic improvement two weeks
after prednisone was increased or restarted at TBM-IRIS presentation, only
two of the inflammatory markers measured in CSF decreased significantly

at the later timepoint, whilst the others remained unchanged between these
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two timepoints. Several reasons could account for this lack of effect on
immune mediators in the CNS; firstly, our sample size at two weeks after
TBM-IRIS presentation was small (n=10) which may have been inadequate
to detect statistically significant differences; secondly, the time between
sampling may have been too short to observe changes in CSF which were
occurring in the brain; and lastly, we may have failed to include mediators
that respond rapidly to corticosteroids in the panel that we measured.
Our patients were followed up closely and corticosteroids were increased
or started within days of symptom development. In busy public sector
facilities, it may happen that affected patients are not routinely advised
of the urgency of returning to hospital should any CNS symptoms recur
after ART initiation. Patients may further become confused and for that
reason fail to seek medical help. The mortality associated with neurological
TB-IRIS may therefore be higher in routine settings, compared to what we
observed. A vital component of the management of HIV-associated TBM
patients due to start ART is a comprehensive discussion with the patient,
and preferably a family member, about the risk of developing TBM-IRIS, the
typical symptoms that could be expected and the need to return to hospital

should any of these develop or worsen.

The immunopathogenesis of TB-IRIS is incompletely understood and we
therefore analyzed mediators of diverse cellular origins and functions in
the CSF and blood of TBM-IRIS and TBM-non-IRIS patients. Furthermore,
considering our finding of the association between neutrophils and
subsequent TB-IRIS, we included a panel of neutrophil-associated
mediators in our CSF experiments. TBM-IRIS was associated with a broad
inflammatory response compared to patients who did not develop TBM-

IRIS at TBM diagnosis. This finding is contrary to that found in CM-IRIS,
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where an attenuated inflammatory response at CM presentation predicted
those who subsequently developed CM-IRIS. These differences suggest

that more than one mechanism underlies pathological immunity in IRIS.

We further observed that after ART initiation, both TBM-IRIS as wellas CSF M.
tuberculosis culture-positive TBM-non-IRIS patients, developed recurrent
CNS inflammation. These findings suggest that a high CSF bacillary load
predisposes to a recurrent inflammatory response that manifests as IRIS in
most, but not all patients. If not considered, this spectrum of inflammation
observed after ART initiation may complicate the interpretation of findings
of clinical studies investigating the immunopathogenesis of TB-IRIS.
Importantly, neutrophils and their product S100A8/A9 were increased in
TBM-IRIS patients compared to initially culture-positive TBM-non-IRIS
patients at two weeks after ART initiation. This suggests a key-contributing
role for neutrophils to the recurrent inflammatory response that manifests

as clinical deterioration in patients with TBM-IRIS.

With regards to predictive markers for TBM-IRIS, in Chapter 5 we report
the predictive value of the combination of CSF TNF and IFN-y for TBM-IRIS
in TBM patients when five cytokines implicated in TB-IRIS pathogenesis
were included in a multivariate model. However, subsequent statistical
analysis that combined all mediators detected in CSF revealed that, due
to high inter-individual variation and the high number of analytes included
in analysis, further exploration by multivariate methods was flawed.
Initial studies focused on the role of T-cells, whilst recent studies are
increasingly investigating the role of the innate immune system, in TB-IRIS
immunopathogenesis *. Our findings of increased mediators of the innate

as well as the adaptive immune system in TBM-IRIS patients imply that
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both systems contribute to TB-IRIS pathogenesis.

Impact of the studies in the field

In spite of promising recent advances in rapid diagnostic tests, currently
available laboratory methods lack adequate sensitivity to allow their use as
definitive diagnostic tools and the majority of TBM diagnoses are still based
on supportive clinical findings °. As discussed in Chapter 3, published clinical
criteria for microbiologically unconfirmed TBM were not standardized prior
to 2010 and this methodological heterogeneity complicated comparisons
between research findings from different settings. The consensus clinical
case definition for TBM presented in Chapter 3 is the first published case
definition for use in clinical research that aims to be applicable to all TBM
patients, regardless or age, HIV-status or resource availability. Since its
publication, several studies have applied the case definition in various
settings. Haldar et al. describes the utility of ELISA and qPCR for the
detection of selected M. tuberculosis proteins and DNA for the diagnosis
of TBM 6. In their study, children (n=532) with TBM and unknown HIV status
were classified as definite, probable, possible and not TBM cases according
to the consensus case definition. A test combination of gPCR with two of
the protein ELISAs (GlcB and HspX) accurately detected all TBM samples
with a specificity of 90%. These results provide support for the utility of the
consensus case definition in children with TBM. In a retrospective study,
Hristea et al. classified children and adults (n=55) with definite TBM (i.e.
either CSF culture or PCR positive for M. tuberculosis) according to the
probable and possible TBM categories of the consensus case definition
’. Four of these patients (7%) could not be classified as either probable or

possible TBM cases. The authors suggest that the retrospective nature of
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their study and the unavailability of some data required for the classification,
might have contributed to some misclassifications. However, these results
underscore the importance of further studies to validate the consensus

case definition in diverse settings.

Neurological TB accounts for ~1 % of notified TB cases in resource-rich
settings &9, but due to poor epidemiological data the incidence in resource-
poorsettings, such as South Africa, is uncertain. Knowledge of the magnitude
of the disease burden in our setting and the outcome of those affected is
a crucial first step to determine the need for local interventional trials that
aim to improve outcome in TBM. Our findings of the major contribution of
M. tuberculosis as a cause of meningitis, and the poor outcome of affected
patients, in our high TB/HIV setting, underscore the feasibility in terms of
patient numbers, and need for, randomized controlled trials to investigate

optimal TBM treatment strategies in Cape Town.

Prior to 2010 only one case series that described paradoxical neurological
TB-IRIS existed ', In these previous studies, we enrolled patients at
neurological TB-IRIS presentation and their clinical and investigative findings
and outcome were reported. The studies presented in Chapter 5 and 6 of this
thesis are the only studies prior to and since 2010 to prospectively describe
the clinical, laboratory and immunological characteristics of paradoxical
TBM-IRIS from the time of TBM diagnosis. Furthermore, these are the first
studies thus far to describe the immunological profiles of TB-IRIS at the
site-of-disease. Our findings therefore not only contribute to knowledge in
the field of TBM-IRIS per se, but also inform on TB-IRIS pathogenesis in

general.
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Research priorities in HIV-associated TBM

The current mortality rate associated with HIV-associated TBM is
unacceptably high, thus a pressing research priority in this field is the
identification of better evidence-based treatment strategies. Improving
outcome in HIV-associated TBM may require a multistep approach targeting
several stages of management, including the initial phase of TBM treatment

and the initial phase of ART.

As discussed in Chapter 2, drug regimens used in the treatment of TBM
are based on the principals of pulmonary TB treatment rather than being
informed by evidence from randomized controlled trials in TBM. The
majority of deaths in TBM occur within the first month of TB treatment
and suboptimal CNS TB drug concentrations may contribute to this
poor outcome. The first trial to compare two antimicrobial regimens
in the treatment of TBM in which mortality is the primary endpoint, is
ongoing in Vietham . In this randomized controlled trial, standard TBM
treatment is compared with standard treatment plus an increased dose
of oral rifampicin (increased from 10mg/kg/day to 15 mg/kg/day) and the
addition of oral levofloxacin (20 mg/kg/day) during the intensive phase of
TB therapy. Levofloxacin has high early bactericidal activity '3, is safe and
well tolerated * and shows good CSF penetration ' and is therefore an
attractive treatment option for TBM. Furthermore, as discussed in Chapter
2, the standard dose of rifampicin may be inadequate in neurological
TB patients. Results are awaited, but even if the intensified regimen is
associated with improved outcome, administering drugs intravenously may
provide an additional mortality benefit, particularly in HIV-infected patients.

Malabsorption may contribute to decreased systemic drug bioavailability
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in HIV-infected persons due to enteric infections such as cryptosporidiosis
and HIV-associated enteropathy '°. TBM patients also often present critically
ill, vomit and receive drugs through a nasogastric tube. All these factors
may further associate with reduced TB drug concentrations if drugs are
administered enterally. The randomized controlled trial by Ruslami et al. '’
suggested a mortality benefit in patients who received higher-than-normal
dose intravenous rifampicin during the early treatment of TBM, compared
to oral standard dose rifampicin. However, the study design was not
sufficiently robust (considering that mortality was not the primary endpoint)
for results to change treatment policy globally, hence larger treatment trials

to explore intravenous strategies further are warranted.

Recent studies suggest that host genetic variability may influence the
response to adjunctive corticosteroid treatment in TBM 8. Leukotriene
A4 hydrolase (LTA4H) controls the balance of pro- and anti-inflammatory
eicosanoids; an excess of LTA4H results in increased TNF and excessive
inflammation, whilst a deficiency of LTA4H results in decreased TNF and
attenuated inflammation. In both zebrafish and TBM patients, a single
nucleotide polymorphism (SNP) in the LTA4H promoter (rs17525495) was
associated with hyperinflammatory (TT homozygous) and hypoinflammatory
(CC homozygous) phenotypes. Heterozygosity (CT) for the SNP resulted
in an intermediate inflammatory phenotype. Survival analysis of the TBM
patients revealed that homozygosity (both TT and CC) was associated
with the highest mortality. In a subgroup of patients who received
dexamethasone, an associated survival benefit was observed in those
with the hyperinflammatory phenotype, whilst being detrimental in those
with the hypoinflammatory phenotype. These findings raise important

questions of our current generalized approach with regards to adjunctive
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corticosteroids in TBM. As the authors suggest, it may be advantageous to
use opposite immunomodulatory strategies depending on a patient’s LTA4H
genotype, with those with the TT genotype receiving immunosuppressive
therapy, whilst those with the CC genotype receiving drugs that augment
immune responses. However, only Viethamese patients were included
in these studies and the results need to be confirmed in different ethnic
populations. Furthermore, due to high costs, limited availability and the
time it may take for results to become available, such genetic testing is not

currently feasible in resource-poor settings.

Anironic contribution to poor outcomein HIV-associated TBM is neurological
TB-IRIS, which typically occurs within weeks after ART initiation. Both
TB treatment and ART are life-saving in TB/HIV co-infected patients but
in patients with TBM the combination of these two therapies may result
in recurrent CNS inflammation and, as a consequence, death. Neither
prevention nor treatment trials, which are imperative to inform optimal
management strategies in HIV-associated TBM, have been performed for
neurological TBM-IRIS. Trials to compare corticosteroids with placebo
for the treatment of neurological TB-IRIS would be unethical, given the
suggested benefit of corticosteroids in this context. However, trials could
potentially compare the safety and benefit of different corticosteroid doses
and routes of administration (intravenous versus oral), neither of which are
standardized in neurological TB-IRIS treatment. There is a paucity of data
in the literature regarding the roles of other drugs in the treatment of TB-
IRIS; only case reports of the benefit of immunomodulatory agents such
as thalidomide and leukotriene antagonists exist . Thalidomide is not
consistently associated with improvement in neurological TB-IRIS cases

20 and its use is further limited by its strong association with teratogenicity
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and potential toxicities, such as peripheral neuropathy. The leukotriene
antagonist montelukast has a favorable side effect profile compared to
corticosteroids, makingitagood candidate for preventionandtreatmenttrials
in neurological TB-IRIS. TNF blockers such as infliximab and adalimumab
are further potential treatment options as infliximab has shown benefit in
steroid-resistant paradoxical CNS TB reactions in HIV-uninfected patients
21, and adalimumab has been used with success in a case of CM-IRIS 2.
However, a serious concern in HIV-infected TBM patients, most of whom
are severely immunosuppressed, is the increased risk of severe infections
that is associated with TNF blocker use, particularly when considering the
long half lives (10-20 days) of these agents. Given the limited evidence for
the benefit of these alternative immunomodulatory drugs in neurological
TB-IRIS, and considering the potential serious adverse events associated
with many of these agents, it may be advantageous to first perform studies
to assess their immune modulatory effects in animal models of TBM prior

to conducting human trials in neurological TB-IRIS.

A better understanding of the immunopathogenesis of TB-IRIS is crucial to
identifying future drug candidates for patients both at risk of, and affected
by, neurological TB-IRIS. Studies that explore the cellular sources of
inflammatory mediators in the CNS of these patients may shed light on
the sequence of events that ultimately result in TB-IRIS and thus inform on
crucial stepsinthe dysregulated immune pathway (s) that might be amenable
to drug intervention. To this effect, research should include in vivo studies
to determine types and proportions of CSF white blood cells and their
contribution to cytokine production by flow cytometric methods in patients
with TBM and TBM-IRIS, as well as in vitro studies of M. tuberculosis-

induced inflammatory mediator production by cultured human CNS cells
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such as microglia, astrocytes and neurons. Future research should also
continue the quest to identify thus far elusive diagnostic biomarkers for
TB-IRIS, which will likely contribute significantly to improved management

and outcomes of patients with neurological TB-IRIS.
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