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Summary

Background Early detection of asymptomatic incipient tuberculosis (TB) could improve clinical outcomes and reduce
the spread of Mycobacterium tuberculosis (MTB) infection, particularly in HIV endemic settings. This study assessed
TB disease activity over 5 years in people living with HIV co-infected with MTB using a surrogate biomarker.

Methods Between Jan 1, 2013 and Aug 31, 2018, 2014 people living with HIV were screened annually for active TB
using the Xpert MTB/RIF diagnostic assay in 11 clinics in Kenya, Tanzania, Uganda, and Nigeria. Longitudinal blood
mononuclear cell samples from 46 selected patients with active and recurrent tuberculosis, latent infection, or incip-
ient TB were further analysed for MTB-specific T-cell activation (defined by CD38 expression) as a well-defined surro-
gate marker for TB disease covering a total of 1758 person-months.

Findings MTB-specific CD4 T-cell activation differentiated active, Xpert MTB/RIF positive TB from latent TB with a
sensitivity and specificity of 86% and was reduced upon TB treatment initiation. Activated MTB-specific T cells were
present in 63% and 23% of incipient TB cases 6 and 12 months before diagnosis of active disease, respectively. Tran-
sient increases of MTB-specific T cell activation were also observed in individuals with latent infection, while persis-
tent activation was a hallmark of recurrent TB after the end of treatment.

Interpretation In most cases, progression to active TB disease started 6—12 months before diagnosis by clinical
symptoms and sputum occurrence of bacilli. Blood biomarkers could facilitate early detection of incipient TB,
improve clinical outcomes, and reduce the transmission of MTB.
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Research in context

Evidence before this study

Mycobacterium Tuberculosis (MTB)-specific T cell activa-
tion marker expression has repeatedly been shown to
differentiate between different tuberculosis (TB) disease
states with remarkable accuracy. TB disease is a major
cause of morbidity and the single largest cause of mor-
tality in people living with HIV, who may be dispropor-
tionately affected by subclinical TB. A search in Medline
was performed using the search terms “Tuberculosis”
OR “TB” OR “Mycobacterium tuberculosis” OR “MTB”
AND “diagnosis” OR “diagnostic” OR “detect” OR “pre-
dict” OR “prognostic” AND “biomarker” OR “immune
marker” OR “immunologic marker” OR “incipient tuber-
culosis” OR “subclinical TB”. The same parameters were
used in a second search AND “HIV". Several studies
reported on assessment of MTB-specific CD4 T cell acti-
vation to distinguish between latent and active TB and
to monitor the TB treatment response in adult and pedi-
atric populations as well as in people living with HIV.
Assessing whole blood RNA signatures for prediction of
progression to active TB disease has been reported, but
focused on individuals who were HIV-negative only.

Added value of this study

Our results show that within people living with HIV,
MTB-specific T cell activation above the diagnostic
threshold for active TB disease became detectable in
the majority of incipient TB cases between 6—12
months before sputum-based diagnosis of TB. Further,
persistent or recurring MTB-specific T cell activation
after the end of treatment was detected in all recurrent
TB cases.

Implications of all the available evidence

Our findings suggest that progression to active TB disease
is often detectable at 6—12 months prior to the diagnosis
of transmissible TB regardless of HIV infection. Early diag-
nosis of incipient TB before MTB bacilli are detectable in
sputum could therefore help to improve short- and long-
term clinical outcomes and intercept mycobacterial trans-
mission and hence the spread of TB disease.

Introduction

One-quarter of the world’s population is infected with
Mycobacterium tuberculosis (MTB), leading to ten million
active tuberculosis (aTB) cases and 1.5 million deaths
every year." However, only 5% to 15% of infected individ-
uals develop aTB, with the majority remaining in a state
of clinical latency.” Latent TB infection (LTBI) is com-
monly defined as the absence of aTB symptoms and
microbiologic evidence of active infection in individuals
with a MTB-specific T-cell response detected by

interferon gamma (IFNy) release assay (IGRA) or tuber-
culin skin test. This definition of LTBI therefore likely
covers a range of infection and disease states including
naturally cleared MTB infection, quiescent/dormant
infection as well as incipient and subclinical aTB that
may spontaneously resolve or progress to overt, trans-
mittable disease.**

Because direct assessment of MTB activity during
clinical latency is impossible in living patients, little is
known about the dynamics of subclinical disease activity
before progression to overt clinical aTB or subsequent
spontaneous control by the immune system.’ Advanced
imaging has been used to assess disease activity before
and after progression to aTB.® In one study, roughly
30% of people living with HIV, who had clinically latent
TB exhibited PET/CT patterns suggestive of subclinical
aTB, and half of these progressed to clinical aTB within
6 months.® Surprisingly, metabolically active TB lesions
in the lung as well as MTB-derived nucleic acids in the
sputum are also often detectable after end of TB treat-
ment in patients who cured TB disease.”"®

Biomarkers provide a powerful tool for diagnosis
of aTB and are increasingly considered for treat-
ment monitoring."""” The activation status of MTB-
specific CD4 T cells can discriminate between aTB,
LTBI and cured TB with remarkable accuracy and
has recently been commonly employed to assess
disease activity in wvivo in many human cohort
studies.""3'%>> This approach also showed potential
for early detection of progressive TB disease months
before clinical diagnosis and sputum-culture nega-
tive TB disease in children.””*> Here, we therefore
used this surrogate biomarker to study TB disease
activity in people living with HIV for up to 5 years.

Methods

Study participants and sample selection

The AFRICOS study cohort is a systematic longitudinal
cohort study enrolling people living with HIV and HIV-
uninfected adults at 11 clinics across 5 geographically
distinct programs supported by the president’s Emer-
gency Plan for AIDS Relief (PEPFAR) in Kenya, Tanza-
nia, Uganda, and Nigeria. HIV-infected study
participants were invited to the study based on random
selection from existing clinic patient lists or new enroll-
ees to the clinic.** The study was approved by the insti-
tutional review boards of the Walter Reed Army
Institute of Research (WRAIR #1897/RV329), the
Higher Degrees Research and Ethics Committee, (HS,
1175) Makerere University, Uganda and the Kenya Medi-
cal Research Institute (KEMRI SCC # 2371) and the Eth-
ical Committee of the Ludwig-Maximilians-University
Munich, Germany (LMU # 21-0351). All participants
provided written informed consent.
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At the baseline visit, screening for aTB was per-
formed in all individuals by Xpert MTB/RIF on the
Cepheid GeneXpert system.*>*> HIV history and symp-
toms suggestive of lung disease, including TB, were
recorded using a detailed questionnaire at baseline and
during 6-monthly follow-up visits. Rescreening by Xpert
MTB/RIF was then performed annually for all study
participants, regardless of aTB symptoms. For antiretro-
viral Naive individuals an Interferon gamma release
assay (IGRA) using Quantiferon TB Gold (Cellestis)
was performed at the baseline visit. Isoniazid preventive
therapy (IPT) was not given regularly to IGRA positive
individuals at the time of the study.

Figure 1 shows how AFRICOS study participants
from two of the countries, Uganda and Kenya, were
selected between Jan 1, 2013 and Aug 31, 2018, and pro-
vides the case definitions for active TB and incipient TB
cases and LTBI used for the purpose of this study.

Classification of study participants

All participants with pulmonary aTB were defined and
classified by a sputum-positive Xpert MTB/RIF result
and subsequent initiation of TB therapy upon clinical
diagnosis. Incipient TB cases were identified based on
the absence of TB symptoms and a negative Xpert
MTB/RIF result at baseline with subsequent develop-
ment of Xpert MTB/RIF-confirmed aTB and initiation
of TB treatment upon clinical diagnosis. LTBI was
defined by continuous Xpert MTB/RIF negativity,
absence of aTB symptoms, no known history of aTB
and a detectable IFN-y response after in vitro stimula-
tion with MTB antigens. X-ray diagnostic was not avail-
able or not done according to the local screening and
treatment algorithms.

If a participant was not able to generate sputum
spontaneously at their visit, the study team was encour-
aged to follow-up with the participant to try and obtain
the sputum sample at a subsequent time within the
study visit window. Sputum samples were stored and
tested using the Xpert MTB/RIF test in real time; sam-
ples that were not evaluated in real time were tested ret-
rospectively.

Selection of PBMC samples for analyses

All available PBMC samples from incipient TB cases
were subjected to intracellular staining analyses. Of
note, for three participants no samples were available
and two aTB cases were only identified after sample
shipment took place. In addition, all available samples
from 11 of 41 participants with aTB at baseline were
selected on the basis of available samples from a maxi-
mum of timepoints and to include participants with
Xpert MTB/RIF confirmed recurrent TB. 16 of 1944
participants, who 1) were continuously Xpert MTB/RIF
negative, 2) had no documented aTB symptoms
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throughout the study, 3) without previous aTB diagno-
sis, 4) a positive MTB-specific Interferon-y baseline
Quantiferon results or other MTB-specific T cell
responses and with 5) a most complete PBMC sample
sets were selected for shipment to Germany. 14 of 16
tested participants had MTB-specific T cell responses
and were included as LTBI cases in these analyses. As
only ART Naive individuals received a baseline Quanti-
feron test, the status of “latency” could be defined only
for ART Naive individuals and they have been chosen
for analysis of LTBI preferentially Figure 2.

Flow cytometric analyses

32 ml of anticoagulated whole blood was collected from
study participants in ACD tubes and processed accord-
ing to standard procedures for FICOLL isolation of
peripheral blood mononuclear cells (PBMC) and cryo-
preservation using standard methodology. Intracellu-
lar cytokine staining of peripheral blood mononuclear
cells (PBMC) was performed to determine MTB-spe-
cific CD4 T-cell activation and maturation using an
adapted protocol.”” Briefly, PBMCs were stimulated
overnight with MTB-derived purified protein derivative
(to ng/ml), Staphylococcal enterotoxin B (0.6 ug/ml)
as a positive control, or no stimulation as a negative
control in the presence of Brefeldin A and the co-stim-
ulatory antibodies anti-CD49d and anti-CD28. Cell
surface staining was performed for 20 minutes with
anti-CD38-BV785 (clone HIT2, Biolegend), anti-CD4-
APC (clone 13B8.2, Beckmann Coulter), anti-CD2y
ECD (clone 1A4CD27, Beckmann Coulter), and anti-
HLA-DR APC-H7 (clone G46-6, Becton Dickinson),
followed by fixation, permeabilization, and intracellu-
lar cytokine staining using anti-IFNy FITC (clone B27,
BD Pharmingen), anti-Ki67 BV421 (clone B56, BD
Pharmingen), and anti-CD3 APC-Ayoo (clone UCHTT,
Beckmann Coulter). Cells were acquired on a CytoFlex
flow cytometer (Beckman Coulter). Positive MTB-spe-
cific CD4 T-cell responses were defined by a frequency
of >0.03% of IFNy+ CD4 T cells and >2-fold increase
over the unstimulated control. Samples without an
IFNy response to the positive control antigen were
excluded. Gating analysis was performed blinded to
any TB diagnostic data using FlowJo_V10.6.2. Pestle
and Spice 6.0 software was used to analyze combinato-
rial expression of four phenotypic markers on MTB-
specific CD4 T cells.*®

Statistical analysis

Statistical analyses were performed using GraphPad
Prism Version 6 and CRAN R 3.6.2. The two-sided
Mann-Whitney test for comparison between different
groups was used, with a p-value significance cutoff of
0.05. To determine how well expression of CD38 on
MTB-specific CD4 T cells would differentiate active,
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n=2014
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during study activelTB
n=70 n=1944
Excluded: Xpert MTB/RIF+
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Person Months: n = 360 Person Months: n = 810 Person Months: n = 588

Figure 1. Flowchart describing the selection of active TB cases, i

ncipient TB cases and controls with latent TB included for analyses.

Cases of active TB were defined by a positive Xpert MTB/RIF test result at the study baseline and initiation of TB therapy. Incipient
TB cases were identified based on absence of TB symptoms and a negative Xpert MTB/RIF test result at baseline with subsequent
development of Xpert MTB/RIF-confirmed aTB and initiation of TB treatment. LTBI was defined by a detectable IFNy response after

in vitro stimulation with MTB antigens, continuous Xpert MTB/RI

F negativity, no known history of aTB and absence of aTB symptoms

throughout the study period. The number of participants, visits and total person months covered by the analyses is indicated for

each group. Selection of participants to be included was based
selection of PBMC samples for analyses are also provided in the

on completeness of available PBMC sample set. More details on the
supplementary material. Abbrevations: MTB=Mycobacterium tuber-

culosis, TB=tuberculosis, aTB=active tuberculosis, LTBI=latent tuberculosis infection, IFNy=interferon gamma.

Xpert MTB/RIF positive aTB from LTBI in the current
data study, we used ROC analysis and we determined
that 20.25% CD38+ cells of all IFNy+ MTB-specific
CD4 T cells is the optimal cut-off to differentiate
between aTB and LTBI, with a sensitivity of 86% and

specificity of 86% (Figure 3D, supplementary table 2).
Further, multivariable linear regression analysis was
used to adjust for any potential confounders [group,
site, sex, age, ART intake, CD4 count, and viral load] on
the frequencies of CD38+ MTB-specific IFNy+ CD4 T
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Figure 2. Exemplary longitudinal phenotypic changes on MTB-specific CD4 T cells representative for PEOPLE LIVING WITH HIV with

active TB, incipient TB and LTBI.

Flow cytometry dot plots for IFNy and CD38 staining on CD4 T cells are shown for four different time points. IFNy+ MTB-specific
CDA4 T cells are highlighted with a red gate. The SPICE pie chart slices show 16 different IFNy+ MTB-specific cell subsets as defined
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cells. Model selection was done using a combination of
stepwise Akaike information criterion values and bio-
logical relevance.

Role of the funding source

The funders had no role in study design, in the collec-
tion, analysis, and interpretation of data; in the writing
of the report; and in the decision to submit the paper
for publication. All authors confirm that they had full
access to all the data in the study and accept responsibil-
ity to submit for publication.

Results

Between January 2013 and August 2018, 2014 people
living with HIV were recruited at the AFRICOS TB
study sites in Kenya and Uganda (Figure 1). Thirteen
percent of the individuals reported previous episodes of
TB. During enrolment into the study at baseline 41 indi-
viduals were diagnosed as aTB and initiated antimyco-
bacterial treatment. An additional 19 individuals were
diagnosed with aTB during subsequent follow-up visits,
who initiated anti-TB treatment, had available PBMC
sample and were classified as incipient TB cases. In
1944 participants, Xpert MTB/RIF remained negative
throughout the study. We then selected 46 patients,
who were categorized into three groups for longitudinal
profiling of MTB-specific CD4 T cells. Table 1 summa-
rizes the basic clinical characteristics for these three
groups. Details on selection and classification are pro-
vided in the supplementary appendix. Group 1 were
incipient TB cases (n=19), comprising 137 participant
visits and 810 person months. Group 2 were aTB cases
diagnosed at baseline (n=11), comprising 58 participant
visits and 360 person months; and Group 3 were LTBI
positive (n=16), comprising 66 participant visits and
588 person months.

Analysis of MTB-specific CD4 T-cell activation and
maturation in people living with HIV

MTB-specific CD4 T-cell activation was characterized
with the primary focus on the frequency of CD38+ cells.
Representative flow cytometry dot plots and gating for
longitudinal assessment of MTB-specific CD4 T cells
are shown in supplementary figure 1. Figure 2 shows

exemplary participant results for each of the groups.
Participants of the LTBI group showed mostly low frac-
tions of activated but high fractions of CD27°"Y MTB-
specific CD4 T cells - consistent with no or minimal TB
disease throughout the studied period. In patients with
TB, MTB-specific T cell activation was typically high at
diagnosis and reduced upon TB treatment initiation.
However, persistent or recurrent MTB-specific T cell
activation after end of treatment was observed in a por-
tion of these patients with TB, including all three partic-
ipants with aTB (also see below). Incipient TB cases
were defined by absence of aTB at enrolment, but often
had high percentages of activated MTB-specific CD4 T
cells before and at diagnosis of aTB.

Monitoring of CD38 expression on MTB-specific CD4 T
cells as a surrogate biomarker of in vivo disease
activity

Treatment specifically reduced percentages of activated,
CD38+ cells for MTB-specific CD4 T cells (p<0.0002),
but not for total CD4 T cells (p=0.4, Figure 3), similar to
our observations in HIV negative patients with TB,"
CD38+ MTB-specific CD4 T cell frequencies after treat-
ment were comparable to those observed in the LTBI
group (Figure 3A,C). Using ROC analysis, we deter-
mined that 20.25% CD38+ cells of all IFNy+ MTB-spe-
cific CD4 T cells is the optimal cut-off to differentiate
between aTB and LTBI, with a sensitivity of 86% and
specificity 86 % (Figure 3D, supplementary table 2).
Multivariable regression analysis to adjust for potential
confounders also showed that high frequency of acti-
vated CD38+ MTB-specific T cells correlated with active
TB in this study (supplementary table 3). Of note, the
terms “sensitivity” and “specificity” do not account for
subclinical aTB, because no diagnostic reference stan-
dard exists for this disease category. CD38+ cell frequen-
cies below 20.25% were defined as indicative of no (or
minimal) TB disease activity. A frequency above 35.20%
was used as the cutoff indicative for high TB disease
activity, because it defined Xpert+ patients with TB with
100% specificity (Figure 3C). CD38+ cell frequency
ranges from 20.25% to 27.25% and between 27.25%
and 35.20% were used to indicate intermediate disease
activity stages.

by expression of Ki67 (purple archs) HLA-DR (pink archs), CD38 (red archs) and CD27 (green archs). The 16 individual pie chart slices
therefore visualize all possible combinatorial expression patterns for the tested markers Ki67, CD38, HLA-DR and CD27. The green sli-
ces visualize the proportion of MTB-specific CD4 T cells expressing CD27, but no CD38, HLA-DR or Ki67. Red slices indicate expres-
sion of 2 or 3 activation markers without expression of CD27. All other marker combinations are orange. The time point indicated is
provided in relation to the time point of diagnosis and treatment initiation for cases of active and incipient TB. The Xpert MTB/RIF
test and TAM-TB assay results are indicated for each time point. MTB-specific T cells were analyzed after in vitro re-stimulation of
PBMC with Purified Protein Derivative. NA: not applicable. Abbrevations: MTB=Mycobacterium tuberculosis, TB=tuberculosis,
aTB=active tuberculosis, LTBI=latent tuberculosis infection, IFNy=interferon gamma, HLA-DR=Human Leucocyte Antigen-DR, TAM-

TB assay=T cell activation marker-Tuberculosis assay.
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Figure 3. Frequencies of CD38+ MTB-specific IFNy+ CD4 T cells differentiate time points of patients with active TB disease (before
starting versus after treatment) and LTBI.

The figure shows (A) the frequency of MTB-specific CD4 T cells that express CD38 (as %IFNy+ cells) at time of aTB diagnosis (red
dots, n=21), as compared to their frequencies after TB treatment (green squares, n = 20). The MTB-specific cell activation was mea-
sured by CD38 expression analyses on MTB-specific IFNy+ cells and shows a significant decline after TB treatment, whereas the
CD38 expression on total CD4+ T cells (B) was not influenced by TB treatment. The frequency of CD38+ MTB-specific CD4 T cells (as
%IFNy+ cells) is compared between participants with aTB and LTBI in (C). Color shading indicates the range of CD38+ cell frequen-
cies (green<20.25%, yellow 20.25% to 27.25%, orange 27.25% to 35.20%, red >35.20%); The median and interquartile ranges are
indicated. The separation of the distribution for each group was tested using the Mann-Whitney test. ROC analysis (D) was used to
determine 20.25% CD38+ cells (% of IFNy+ cells) as the optimal cut-off to differentiate between patients with aTB and the LTBI/
healthy group with a sensitivity of 86% and “specificity” of 86%. A frequency of IFNy+ cells above 35.20%, which corresponds to the
highest frequency of CD38+ MTB-specific CD4 T cells detected in the LTBI/healthy group, defined patients with TB with 100% speci-
ficity. CD38 frequencies from 20.25% to 27.25% and from 27.25% to 35.20% were further delineated in this analysis. These cut-offs
are the basis for the heat map in Figure 4. Abbrevations: MTB=Mycobacterium tuberculosis, TB=tuberculosis, aTB=active tuberculo-
sis, LTBI=latent tuberculosis infection, IFNy=interferon gamma

Longitudinal patterns of CD38 expression on MTB-
specific CD4 T cells before, during and after diagnosis
of aTB

We analyzed MTB-specific CD4 T cell activation in 30
aTB cases during an average of seven visits from before
and/or after TB diagnosis (Figure 4A). Eleven of those
were diagnosed with aTB at enrollment and 19 study
participants identified as incipient TB cases. PBMCs
were available for 24 participants at the visit when aTB
was confirmed and the TAM-TB assay was performed.
At the time of diagnosis, 75% of aTB cases (18 of 24)
had activated MTB-specific T cell frequencies above our
CD338 threshold for aTB. 12.5% (3 of 24) had detectable

www.thelancet.com Vol 49 Month July, 2022

MTB-specific CD4 T cells with low activation profile,
and 12.5% (3 of 24) did not respond to MTB-specific
stimulation. Importantly, we analyzed 52 visits from 6
to 48 months before diagnosis of aTB. At 6 months
before diagnosis of aTB, 63% (1o of 16) of incipient TB
cases had activated cells above the threshold, whereas
31% (5 of 16) were below the threshold, and one
participant did not respond. At 12 months before aTB
diagnosis, PBMC from 13 incipient TB cases were avail-
able; 23% (3 of 13) of these had CD38 expression levels
above the threshold of 20.25%, whereas 46% (6 of 12)
were below and 31% (4 of 12) showed no response. At 18
to 48 months prior to TB diagnosis, 26 study visits
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Incipient TB Active TB at BL LTBI
All 19 1 16
Origin (UG/KE) 217 7/4 10/6
Sex (Male/Female) 9/10 9/2 8/8
Median Age at V1 (Range) Median 39,5 Median 39 Median 33

Range 27 -66 Range 22-58 Range 22-63
ART status at baseline 14 on ART 4 on ART 5on ART

5 ART Naive 7 ART Naive 11 ART Naive
ART status at TB dx 19 on ART 4 on ART

7 ART Naive NA
CD4 count at baseline 304 389 556
Median/Range (11-539) (19-787) (68-1432)
CD4 count at TB dx 395 389
Median/Range (91-650) (19-787) NA
Viral load at baseline 0 80.582 7438
Median/Range (0-102.555) (0-623.568) (0-672.120)
Viral load at TB dx 0 80.582
Median/Range (0-85.053) (0-623.568) NA
Incident time to TB diagnosis 12 NA NA
Median/Range (0-30 month)
Table 1: Summary of groups: Responders only.
NA (not applicable).

from seven incipient TB cases were analyzed. Three
individuals had evidence of persistent MTB-specific
T-cell activation long before diagnosis of aTB, whereas
in the others a more mixed pattern was observed. One
exemplary participant is iTB-13, who was enrolled 36
months before the TB diagnosis was made but showed
no clinical symptoms. Thirty months before TB diagno-
sis, this participant showed signs of mycobacterial infec-
tion, with MTB-specific IFNy-producing cells. However,
since MTB-specific T cells were not activated, this find-
ing suggests latent MTB infection. The first evidence of
MTB-specific T-cell activation was obtained 18 months
before aTB diagnosis and continued until the TB diag-
nosis was made and treatment started. The combinato-
rial analyses of CD38, HLA-DR, Ki6y and CD2y
expression on MTB-specific CD4 T cells for individuals
with incipient TB and those diagnosed at baseline is
shown in supplementary figure 2A and B, respectively.
Overall, the pattern of activation markers observed in
the combinatorial analyses was consistent with the pat-
tern observed for CD38 alone. In summary, our longitu-
dinal biomarker analysis suggests an onset of TB
disease activity at 6-12 months prior to diagnosis in the
majority of incipient TB cases studied.

MTB-specific T cell activation was assessed after
treatment with Isoniazid, Rifampicin, Pyrazinamide
and Ethambutol (HRZE) until 2.5 years after treatment.
Two distinct longitudinal post-treatment patterns were
observed. Reduction of T-cell activation was observed in
11 of 21 participants (with two or more post-treatment
visits subjected to analyses). Ten of these were continu-
ously Xpert MTB/RIF negative after treatment, whereas

one was again positive at 3 months after treatment had
ended. More persistent MTB-specific T cell activation
was detected in eight study participants. Three of these
had recurrent TB cases defined by disease symptoms,
persistent Xpert MTB/RIF positivity and re-initiation of
TB treatment at 77, 12 and 36 month after completing
the first course of treatment (Figure 4A). Persistent or
recurrent MTB-specific T-cell activation therefore was a
hallmark of recurrent TB and treatment failure after
treatment.

Longitudinal patterns of MTB-specific CD4 T cell

activation during LTBI in people living with HIV

The frequency of activated CD38+ MTB-specific CD4 T
cells in 16 participants with clinically latent TB is shown
in Figure 4B for a time period of up to 42 months. The
combinatorial analyses of activation and maturation
markers in this group is shown in supplementary figure
2C. MTB-specific CD4 T cells were continuously
detected in most of these participants. At baseline, 57%
of responders (8 of 14) had a CD38 expression profile
below the threshold of <20.25% MTB-specific IFNy+
CD4 T cells, suggestive of no or minimal disease activ-
ity. However, 29% of responders (4 of 14, one was first
assessed at month 12) were above this threshold, sug-
gesting aTB disease activity. In individual LTBI-12, iso-
niazid preventive treatment (IPT) was temporally
associated with reduction of MTB-specific CD38+ T cell
activation from 34.7% to 9%. Overall, three distinct
MTB-specific activation patterns were observed; a low
activation profile throughout the study period in four
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Figure 4. Frequencies of CD38+ MTB-specific IFNy+ CD4 T cells over time in AFRICOS study participants with LTBI, incipient TB and

active TB.

The figure shows the frequencies of MTB-specific CD4 T cells that express CD38 (as % IFNg+ cells) over time using the indicated
color code. (A) shows CD38+ cell frequencies from participants with active and incipient TB from time points before and after TB
diagnosis (X axis, study months). A positive Xpert MTB/RIF test result is indicated by an “X+", black lines show the initiation and dura-
tion of HZRE TB treatment for each patient with TB. A blue line indicates initiation and duration of INH preventive treatment. CD38+
cell frequencies from participants with LTBI are shown in (B) together with their ART, baseline QuantiFERON (QFT) data. (NR: no
response). TB=tuberculosis. Abbrevations: MTB=Mycobacterium tuberculosis, TB=tuberculosis, aTB=active tuberculosis, LTBl=latent
tuberculosis infection, IFNy=interferon gamma, HZRE=isoniazid, pyrazinamide, rifampicin and ethambutol, INH=Isonazid.
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participants (LTBI-1 to LTBI-4), a transiently activated
profile during one of several visits in three participants
(LTBI-5, LTBI-7 and LTBI-8) and more persistent or
recurring activation during two or more study visits in
six participants (LTBI-6, LTBI-9, LTBI-to, LTBI-11,
LTBI-12, LTBI-13). Together, these data support the con-
cept of recurring episodes of subclinical TB disease with
spontaneous resolution in people living with HIV with
LTBIL

Discussion

Our data suggest that by using a surrogate blood bio-
marker, incipient TB can be detected between 6 to 12
months before sputum-based TB diagnosis in many
people living with HIV. Further, we provide evidence
that episodes of subclinical aTB followed by spontane-
ous disease clearance may frequently occur in these peo-
ple. HIV-associated systemic activation of CD4 T cells
may contribute to the activation of MTB-specific T cells,
particularly before the initiation of ART.*”** However,
our data argue against HIV being a major driver since
TB treatment specifically reduced MTB-specific T cell
activation - consistent with many previous studies."">*?
Hence, longitudinal changes in MTB-specific CD4
T-cell activation should primarily be driven by changes
in vivo TB disease activity.

CD38 expression on MTB-specific CD4 T cells was
chosen as the primary surrogate marker for TB disease
activity because, among the four tested markers, CD38
expression using comparable cut-offs as in previous stud-
ies differentiated Dbest between microbiologically con-
firmed aTB and LTBI or cured TB in previous studies."""?
Our data show that this biomarker distinguishes well
between LTBI and aTB in people living with HIV.

Twenty-three percent of the incipient TB cases had
activated MTB-specific CD4 T cells at 12 months and
63% at 6 months prior to sputum-based diagnosis of
aTB. This time interval is comparable to our own previ-
ous results in an acute HIV infected patient, in whom a
phenotypic switch of MTB-specific CD4 T cells preceded
the diagnosis of aTB by 9 months.*> Other studies in
HIV-negative incipient TB cases, in whom RNA signa-
tures were studied, suggested onset of incipient TB
before microbiological TB confirmation in 25% to 50%,
70% and 83% of cases at 12 months, 6 months, and
within 3 months of TB diagnosis."**?*° A similar time
interval between MTB infection and overt aTB is also
suggested upon low-dose exposure of “progressing” cyn-
omolgus macaques, which mostly develop aTB by 4 to 5
months.>" Incipient disease activity therefore often
appears to start several months before diagnosis of
overt, symptomatic aTB in the majority of patients with
TB regardless of HIV coinfection. This time interval
provides a window of opportunity for early identification
of aTB and therapeutic intervention to intercept further
disease progression and transmission.

Three incipient TB cases showed no MTB-specific T-
cell activation at the time of TB diagnosis. One of these
patients had a history of TB treatment (iIB28) 4 years
before and was later diagnosed with esophagus cancer,
providing an alternative explanation and may therefore
have been misclassified. It is well known that even after
curative treatment of aTB, Xpert MTB/RIF can be posi-
tive even years later.>

While speculative, our data also suggest that subclin-
ical aTB disease is present in roughly 30% of HIV-posi-
tive individuals with clinically latent TB. Five of 16
participants with LTBI at baseline and roughly a third
of all study visits in the LTBI group had activated MTB-
specific CD4 T cells at one or more visits. Based on the
high specificity of the chosen approach, we argue that
this pattern reflects transient flare ups of incipient or
subclinical disease. Using PET-CT imaging, Esmael
and colleagues also have shown that roughly a third of
HIV-positive individuals with LTBI likely have subclini-
cal aTB,® consistent with our data. Notably, the sensitiv-
ity of Xpert MTB/RIF is approximately 85%, and
misclassification of aTB cases into the LTBI group can-
not be ruled out.”® In any case, our data argue that
many people living with HIV resolve subclinical disease
spontaneously, whereas others progress to overt, trans-
missible TB. In the pre-antibiotic era, spontaneous reso-
lution of aTB disease was quite common with
approximately 50% of cases being cured without receiv-
ing antibiotic treatment.*?* Spontaneous resolution of
subclinical disease may hence occur in people living
with HIV more frequently than commonly anticipated.

Likewise, roughly half of patients showed patterns of
transient or persistent MTB-specific T-cell activation
after TB treatment, including all cases of recurrent TB.
While the etiology of this specific activation remains
speculative, subclinical disease may still frequently
occur in these patients. Regardless of HIV status, this
approach appears to identify cases of active TB disease
and potentially allows these to be targeted before bacilli
become detectable in the sputum by molecular diagno-
sis. Similarly, this assay could potentially support treat-
ment monitoring for early identification and
interception of recurring TB.

Our study had several limitations. We selected indi-
viduals with positive Xpert MTB/RIF who then initiated
antimycobacterial treatment as “active TB cases”. In the
resource constraint setting of the AFRICOS study, clini-
cal information surrounding the diagnosis of aTB, such
as radiology and MTB culture, were often not available.
Using a sputum-based diagnostic tool, extra-pulmonary
TB would have been missed. A positive Xpert MTB/RIF
result could potentially be explained by a history of TB
and consequently may have triggered TB therapy initia-
tion in some patients with other reasons for clinical pre-
sentation. Another limitation is the small sample size in
each group. The results are not generalizable as patients
have been selected according to the mentioned criteria
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and not randomized. Our key finding that TB disease
activity often becomes detectable by a blood-based surro-
gate biomarker long before sputum occurance of MTB
bacilli therefore should be confirmed by additional stud-
ies. However, biomarker-based approaches, such as the
TAM TB assay, may improve TB diagnosis specifically in
resource-poor settings. Notably, flow cytometry-based
determination of CD4 cell counts were available at all
included study sites and analyses of MTB-specific T cells
using simplified whole-blood protocols should be possi-
ble in such laboratories.

In summary, use of flow cytometry enables monitor-
ing of specific surrogates of TB disease activity over
long time periods in MTB-infected people living with
HIV in resource-poor settings. The results suggest that,
in many of these individuals, onset of aTB disease starts
between 12 and 6 months before diagnosis of aTB.
Thus, regardless of concomitant HIV infection, earlier
identification of incipient aTB could improve short- and
long-term clinical outcomes of infected patients and
reduce the spread of the disease.
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