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Background: In the Investigation of the Management of Pericarditis (IMPI) randomized control, 2x2 factorial
trial, Mycobacterium indicus pranii (MIP) immunotherapy, adjunctive corticosteroids or MIP combined
with corticosteroids was compared to standard tuberculosis (TB) therapy for tuberculous pericarditis
(TBP). While MIP and/or the combination of MIP and corticosteroids had no impact on all-cause mortality
or pericarditis related outcomes, corticosteroids reduced the incidence of constrictive pericarditis at
12 months. Data suggests that both adjunctive therapies modulate the immune and inflammatory
responses to pulmonary TB. Whether they affect systemic antigen-specific T cell responses, key immune
mediators of Mycobacterium tuberculosis control, in patients with TBP is unknown.
Methods: Participants with definite or probable TBP were randomly assigned to receive five injections of
MIP or placebo at 2-week intervals and either 6 weeks of oral prednisolone or placebo. Frequencies of CD4
and CD8 T cells expressing IFN-c, IL-2 or TNF in response toMIP or purified protein derivative stimulation
were measured by intracellular cytokine staining and flow cytometry up to 24 weeks post treatment.
Results: Immunotherapy with MIP did not significantly modulate frequencies of Th1 CD4 and CD8 T cells
compared to placebo. Adjunctive prednisolone also did not change mycobacteria-specific CD4 or CD8 T
cell responses. By contrast, combinatorial therapy withMIP and prednisolone was associated with a mod-
est increase in frequencies of multifunctional and single cytokine-expressing CD4 T cell responses at 6
and 24 weeks post treatment.
Conclusions: Consistent with the lack of a significant clinical effect in the IMPI trial, MIP immunotherapy
did not significantly modulate mycobacteria-specific T cell responses. Despite the positive effect of pred-
nisolone on hospitalizations and constrictive pericarditis in the IMPI trial, prednisolone did not signifi-
cantly reduce pro-inflammatory T cell responses in this sub-study. The modest improvement of
mycobacteria-specific T cell upon combinatorial therapy with MIP and prednisolone requires further
investigation.
� 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Tuberculous pericarditis (TBP), a severe manifestation of tuber-
culosis (TB) disease, is the most common pericardial disease in
Africa [1]. The human immunodeficiency virus (HIV) pandemic fur-
ther fuels the high burden of TBP, especially in Sub-Saharan Africa
where the prevalence of HIV is high and TB is endemic.

Despite adequate antimicrobial treatment, the outcome of TBP
remains poor. A lack of understanding of the underlying immune
response associated with tuberculous pericarditis and the mecha-
nisms that underpin existing and experimental treatment inter-
ventions have hampered the discovery and improvement of
current therapies for TBP.

Elimination of Mycobacterium tuberculosis (Mtb) bacilli is a key
requirement for TBP treatment and ultimate cure. The first line
of chemotherapy is a standard 4-drug anti-TB regimen for a mini-
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mum duration of six months. However, despite adherence to treat-
ment, the overall mortality rate in patients with TBP after a six-
month course of chemotherapy was 26% in a sub-Saharan cohort
[2]. This low treatment success rate may be due to poor penetra-
tion of drugs into the pericardial space [3]. Standard TB drugs
may not be sufficient to adequately clear Mtb bacilli and motivate
for adjunctive interventions to improve cure rates. Since the bacte-
rial burden within the pericardium is positively correlated with
mortality rates in TBP [4], and persistence of mycobacterial anti-
gens contribute to prolonged pro-inflammatory immune responses
in symptomatic TPB [5,6], enhancing the immune systems’ own
ability to kill and eliminate Mtb via therapeutic vaccination could
substantially accelerate antigens clearance and shorten destructive
inflammatory responses.

Mycobacterium indicus pranii (MIP, formerly known as Mycobac-
terium w) is a non-tuberculous mycobacterium which shares anti-
gens with M. leprosis and Mtb. MIP has been effectively used to
treat leprotic lesions [7]. Adjunctive MIP immunotherapy has also
received attention as a treatment for TB. A significantly higher rate
of sputum conversion was observed 4 weeks into treatment
(67.1%) in pulmonary TB patients who received adjunctive MIP
vaccination in addition to standard anti-TB therapy, compared to
the placebo group who received anti-TB drugs only (57%,
p = 0.0002) [8]. In a guinea pig model, reductions in lung bacterial
load and pathology were associated with increased frequencies of
CD4 and CD8 T cells after MIP boosting [9]. In a murine model,
intranasal MIP vaccination induced an increase in IFN-c+IL-
2+TNF+ polyfunctional CD4 T cells in the lungs [10]. Further, adop-
tive transfer of lung resident T cells isolated from MIP vaccinated
mice into naïve wildtype mice reduced the Mtb load in lungs of
recipient mice [10]. These studies suggest that Th1-cytokine
expressing T cells induced by MIP vaccination may improve
immune control of Mtb bacilli.

Management of TBP also requires symptom relief and preven-
tion of heart failure, which can be achieved using invasive proce-
dures such as pericardiocentesis to drain fluid from the
pericardium or pericardiectomy to remove fibrotic tissue and
restore elasticity of the heart [11]. Corticosteroids are the only
non-invasive form of treatment available to reduce symptoms
caused by excessive inflammatory responses. A review of four ran-
domized controlled trials including HIV-negative TBP patients sug-
gests a modest reduction in all-cause mortality by approximately
20% (risk ratio (RR) 0.80, 95% CI 0.59–1.09) and a significant reduc-
tion of pericarditis related mortality (RR 0.39, 95% CI 0.19 to 0.80)
in patients who received corticosteroids compared to placebo con-
trols [12].

Whether or not MIP immunotherapy and corticosteroid reduce
mortality and pericarditis related outcomes in patients with TBP
was tested in the Investigation of the Management of Pericarditis
(IMPI) trial (ClinicalTrials.gov identifier: NCT00810849). In the
1400-patient randomized control trial with a 2-by-2 factorial
design, there was no reduction in mortality for either MIP, pred-
nisolone or MIP and prednisolone combined. However, corticos-
teroid treated patients had a reduced hospitalization rate (20.7%
vs 25.2%, p = 0.04) and incidence of constrictive pericarditis (4.4%
vs 7.8%, p = 0.009) compared to the placebo group. Both interven-
tions increased the incidence of cancer in patients in those with
advanced HIV (CD4 < 50) [13].

We present the results of a planned IMPI trial sub-study, in
which we characterized the influence of adjunctive MIP and corti-
costeroid therapy on mycobacteria-specific CD4 and CD8 T cell
responses in a subgroup of TPB patients. We hypothesized that
MIP would increase mycobacteria-specific CD4 and CD8 T cell
responses while corticosteroid therapy would suppress these
responses.
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Methods

Study design and participants

The sub-study involved participants enrolled in the IMPI trial at
the University of Cape Town between August 2012 and November
2013. All participants provided written informed consent. Ethics
approval was granted from the Faculty of Health Sciences Human
Research Ethics Committee approval (HREC 032/2009).

TBP was considered definite if there was pericardial biopsy or
fluid culture evidence of TB. Probable TBP was assumed where a]
pericardial fluid biochemical and cellular analysis was consistent
with TB (i.e., a lymphocyte predominant exudate with raised ade-
nosine deaminase (ADA), or b] TB was confirmed on a non-
pericardial fluid sample (e.g. sputum) or the Tygerberg Index score
was � 6 [14]. Approximately 70% of the trial population was HIV
infected and the majority were not yet on anti-retroviral therapy
at the time of enrolment.

In the first step of the factorial randomization, participants were
randomly assigned to receive five doses of 0.01 mL intradermalMIP
immunotherapy or placebo at enrolment, 2, 4, 6 weeks and at
3 months. In the second step, the same participants were further
randomly assigned to receive a tapering dose of daily oral pred-
nisolone or placebo for 6 weeks starting at a dose of 120 mg/d in
the first week of enrolment, followed by a reduction of 30 mg/d
each subsequent week until the 5th week when participants
received 15 mg/d and 5 mg/d in the 6th week. This allowed for
an analysis and comparison of participant groups receiving pla-
cebo, steroids alone, MIP alone and or the two interventions
together (Fig. 1). Blood was collected at baseline (within 7 days
of TB treatment start), 2, 6 and 24 weeks after treatment initiation
(Fig. 1).

Most participants who were not on ART at the time of random-
ization were referred to dedicated ART clinics for commencement
of therapy in line with local guidelines. The South African National
Anti-Retroviral Guidelines 2004 document recommended com-
mencement of ART within 12 weeks of starting TB treatment
unless the attending clinician felt the need for earlier commence-
ment on the basis of the patients clinical status and CD4 count.

Stimulation of whole blood

Blood was collected into heparinized tubes and stimulated with
heat-killed MIP (5x107 CFU/mL; Cadila Pharmaceuticals, Ahmed-
abad, India), PPD (10 lg/mL, Statens Serum Institute, Copenhagen,
Denmark) or PHA (5 lg/mL, Sigma-Aldrich, St. Louis, Mo) in the
presence of anti-CD28 and anti-CD49d (at 1 lg/mL for each anti-
body, BD Bioscience) co-stimulatory antibodies at 37�C, 5% CO2.
The negative control was left unstimulated. After 7h Brefeldin A
(10 lg/mL, Sigma-Aldrich) was added and the blood was incubated
for another 5h, before red cells were lysed and white cells fixed
using FACS lysing solution (BD). White cells were cryopreserved
in 20% DMSO in FCS and RMPI1640 with L-Glutamine (Lonza
Bioscience).

Immunofluorescent staining and flow cytometric analysis

Cryopreserved, stimulated cells were carefully thawed, washed
with PBS (Lonza) and permeabilized in BD Perm/Wash (BD Bio-
sciences) to enable labelling of intracellular cytokines. Cells were
stained with fluorescent antibodies to surface and intracellular
proteins (Suppl. Tab. 1) in a total volume of 20 lL in BV buffer
(BD Biosciences) for 1hr at 4 �C. Stained cells were washed twice
with BD Perm/Wash buffer and acquired on a BD LSR II flow
cytometer.

http://ClinicalTrials.gov


Fig. 1. Consort diagram of 2-by-2 factorial design of the immunogenicity sub-study of the IMPI trial. A total of 64 tuberculous pericarditis (TBP) patients were randomly
assigned to receive either 5 injections of Mycobacterium indicus pranii (MIP) or saline. The MIP or placebo groups were further subdivided by randomization to receive either
6 weeks of oral prednisolone or placebo. Blood samples were collected at baseline, 2, 6 and 24 weeks after treatment initiation.

Table 1
Clinical and demographical characteristics of participants.

Demographics Placebo
(n = 16)

Prednisolone
(n = 16)

MIP
(n = 16)

MIP+
Prednisolone
(n = 16)

P-value

Sex, n (%) 0.243
Male 9 (56) 14 (88) 10 (62) 10 (62)
Female 7 (44) 2 (12) 6 (38) 6 (38)
Age (years) 0.494
Range Median (IQR) 24 – 60

3115.25
(27.75–43)

24 – 54
33.510.5
(30–40.5)

23 – 51
329.25
(28.5–37.75)

24 – 58
3910.5
(34–44.5)

Clinical characteristics
Tuberculous pericarditis, n (%) 0.531
Definite 7 (44) 5 (31) 8 (50) 9 (56)
Probable 9 (56) 11 (69) 8 (50) 7 (44)
HIV 0.507
Negative 7 (44) 5 (31) 5 (31) 3 (19)
Positive 9 (56) 11 (69) 11 (69) 13 (81)
Anti-retroviral therapy (ART) 9 (56) 11 (69) 9 (57) 12 (75) 0.774
CD4 count, median

(cells/mL)
(IQR)

377
545.25
(123.75–669)

247.5251.25
(104–355.25)

211.5357
(111.25–468.25)

218292.25
(137.25–429.5)

0.196

Q = Quartile, IQR = interquartile range; HIV = human immunodeficiency virus, p-values were calculated using Chi-square test or ANOVA.
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Data analysis

Flow cytometry data were analyzed using FlowJo version 9.9.6.
Background cytokine responses in unstimulated samples were
3

subtracted from stimulated samples using Pestle V2 and SPICE
V6.1 [15]. GraphPad Prism v7 (GraphPad, SanDiego, CA) was used
for data presentation. Statistical analyses were performed using R
version 3.6. Wilcoxon signed-rank was used for paired and
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Mann-Whitney U tests for un-paired analyses. P-values were cor-
rected for multiple comparisons using Bonferroni Correction or
Benjamini–Hochberg method (Suppl. Tables 2 & 3).
Results

Participants

A total of 64 TBP patients were enrolled into this immunological
sub-study of the IMPI trial; 16 participants in each of the 4 random-
ized treatment groups. There were no significant differences
between the 4 study groups in sex, age, distribution of definite or
probable TBP, proportion of participants with HIV negative or posi-
tive status, or those receiving anti-retroviral therapy (ART) or CD4 T
cell counts (Table 1). Of the 41 participants who were HIV infected,
none were on ART at the time of enrolment. All had commenced
therapy at their 3month follow up visit in linewith local guidelines.
Fig. 2. Flow cytometry gating strategy to identify cytokine expressing CD4 and
CD8 T cells. Doublets were excluded by forward scatter (FSC) area versus height
gating. T cells were identified as CD3 positive and side scatter (SSC)-low cells and
further subdivided into CD4 or CD8 positive cells (A). Interferon-gamma (IFN-c),
Interleukin-2 (IL-2), Interleukin-22 (IL-22) and tumor necrosis factor (TNF)
expression in unstimulated (UNS) samples or after PPD and MIP stimulation in
CD4 (B) and CD8 (C) T cells.
Cytokine+ CD4 and CD8 T cell responses prior to treatment

To characterize mycobacteria-specific T cell responses in the 4
groups, we measured co-expression of IFN-c, IL-2, IL-22 and TNF
by CD4 and CD8 T cells using flow cytometry after blood stimula-
tion with PPD or heat-killed MIP (Fig. 2). Frequencies of PPD- or
MIP-specific cytokine-expressing CD4 T cells above those of the
unstimulated control were readily detectable and responses to
PPD were generally higher than those to MIP (Suppl. Fig. 2 and
Fig. 4; PHA control Suppl. Fig. 3). Responses by CD8 T cells were
mostly restricted to single IFN-c + cells and much lower than
cytokine-expressing CD4 T cell frequencies (Suppl. Figs. 4 & 5).
Overall, IL-22 expression was low or not detected, and were there-
fore not included in the primary analyses (Suppl. Fig. 6). As a result,
we focused our primary analyses on PPD-specific (herein referred
to as mycobacteria-specific) CD4 T cell responses.

Variable TBP disease states including definite, probable, co-
infection with or the absence of HIV infection can influence the
magnitude and function of T cells that respond to stimulation. Fre-
quencies of IFN-c, IL-2 and TNF co-expressing CD4 T cell subsets,
measured before treatment initiation, were highly heterogenous,
but not significantly different, within each treatment group
(Fig. 3 and Suppl. Table 2). We also observed unusually high pro-
portions of double-positive CD4 + CD8 + CD3 + T cells in many
TBP patients, with higher frequencies in HIV- than HIV + partici-
pants (Fig. 2 and Suppl. Fig. 1).

Mycobacteria-specific T cell cytokine responses are not modulated by
MIP immunotherapy

This study evaluated the treatment effects of i) anti-
inflammatory prednisolone, ii)MIP immunotherapy and iii) combi-
natorial prednisolone and MIP on mycobacteria-specific Th1
responses. Besides trial-specific treatment, all participants
received anti-tuberculosis therapy and, depending on HIV status,
received anti-retroviral therapy (Table 1). The effects of MIP and
prednisolone on PPD-specific CD4 T cell responses were deter-
mined at 2, 6 and 24 weeks after treatment initiation and com-
pared to baseline responses, before treatment start.

PPD-specific IFN-c+IL-2+TNF+, IFN-c+TNF+ and single positive
IFN-c+ or TNF+ CD4 T cell subsets predominated in all groups of
participants (Fig. 4). The frequencies of PPD-specific Th1 CD4 T
cells did not change in the placebo group, where participants only
received standard anti-TB treatment and ART, if applicable
(Fig. 4a).
4
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Based on the anti-inflammatory properties of glucocorticoids,
we hypothesized that prednisolone would dampen mycobacteria-
specific T cell responses. However, frequencies of cytokine co-
expressing CD4 T cells did not decrease at 6 or 24 weeks after treat-
ment initiation relative to baseline (Fig. 4b).

To determine if MIP vaccination boosts mycobacteria-specific T
cell responses, we compared the longitudinal responses in individ-
uals who received MIP with those in placebo recipients. Following
the first MIP vaccination, frequencies of polyfunctional or single
positive PPD-specific CD4 T cells were not significantly higher than
baseline responses (Fig. 4c). Repeated boosting with MIP also did
not result in increases in PPD-specific CD4 T cell responses mea-
sured at 6 and 24 weeks post treatment in comparison to baseline.

Combination of prednisolone and MIP therapy increases
mycobacteria-specific T cell responses

It is unclear whether simultaneous treatment with immunos-
timulatory MIP and immunosuppressive prednisolone would act
antagonistically or synergistically in TBP. From week 6 until at
least 24 weeks post-treatment, frequencies of cytokine-
expressing polyfunctional or single cytokine-expressing CD4 T cells
were significantly higher compared to baseline (Fig. 4d).

To factor in the highly heterogenous responses at baseline
(Fig. 3), we further analyzed the differences in frequencies of
cytokine-expressing T cells at the post-treatment time points rela-
tive to baseline [baseline cytokine values from each participant
were subtracted from 2 week, 6 week or 24 week post treatment
time points.] (Fig. 5 and Suppl. Fig. 7). Neither prednisolone nor
MIP therapy alone resulted in marked and significantly modulated
PPD-specific Th1 CD4 T cell responses throughout the 24 week per-
iod, relative to the placebo group (Suppl. Fig. 7, p-values in Suppl
Tab. 3). The most consistent and marked changes were observed
after combinatorial treatment, which resulted in increased
mycobacteria-specific CD4 T cell responses relative to placebo, or
relative to these interventions alone (Fig. 5 and Suppl. Fig. 7).
The greatest increase in frequencies was apparent at 24 weeks
after treatment for IFN-c+IL-2+TNF+ CD4 T cells (in comparison to
placebo p = 0.014; prednisolone p = 0.011; MIP p = 0.023), IL-
Fig. 3. Heterogenous cytokine-expressing CD4 T cell responses between the four gro
expressing CD4 T cells in peripheral blood of tuberculous pericarditis patients, detected af
andMIP + prednisolone (red) treatment groups. Frequencies observed in unstimulated blo
boxes depict medians, boxes the IQR and whiskers the range (Tukey). Mann-Whitney te
p-values using the Benjamini-Hochberg method (false discovery rate (FDR) adjustment w
shown (for all p-values refer to Suppl Tab. 2).

5

2+TNF+ CD4 T cells (in comparison to placebo p = 0.001; pred-
nisolone p = 0.016; MIP p = 0.0002) and single TNF+ CD4 T cells
(in comparison to placebo p = 0.014; MIP p = 0.0054) (Fig. 5).

Discussion

In the large IMPI randomized controlled trial, while neither
prednisolone, MIP, nor the combination of the two reduced all-
cause mortality, prednisolone had a significant positive impact on
hospitalizations and constrictive pericarditis. The hypothesis
underlying the IMPI trial was that both interventions, through their
modulation of the immune responses to Mtb bacilli, would reduce
both mortality and TB pericarditis related morbidity. To further
understand whether either intervention had an impact on T cell
responses in trial participants, we investigated the systemic
mycobacteria-specific T cell responses to patients with TBP. Our
findings suggest that neitherMIP immunotherapy nor prednisolone
significantly modulated mycobacteria-specific T cell responses.

MIP immunotherapy had been reported to enhance Th1 cyto-
kine expression in prior studies [10,16]. In our study population,
we found no significant boosting effect of MIP immunotherapy to
enhance the ability of T cells to respond to mycobacterial antigens.
The question remains why MIP immunotherapy did not further
enhance mycobacteria-specific T cell responses. The bactericidal
activity of anti-TB drugs may be associated with increased release
of mycobacterial antigens, stimulating the immune response [17].
We propose that high levels of in vivo antigen exposure mediate
sufficient stimulation of mycobacteria-specific T cells in TBP
patients receiving chemotherapy, such that the effect of boosting
with MIP, or even that in vitro stimulation with antigen, is negated.
An alternative hypothesis is that proliferative capacity of T cells
has progressively become attenuated upon repeated exposure to
mycobacterial antigens [18,19]. Excessive attempts to further
boost the immune response through vaccination could render T
cells progressively unresponsive, or even drive pathological T cell
responses, as reported for repeat BCG vaccination in mice [20].

Glucocorticoids are widely used in the management of inflam-
matory diseases for their suppressive activity of pro-
inflammatory responses by almost all immune cells [21]. Exces-
ups at study baseline, prior to treatment initiation. Frequencies of cytokine co-
ter PPD stimulation at baseline in placebo (orange), prednisolone (blue),MIP (green)
od were subtracted from those in PPD stimulated blood. Horizontal lines within the
st was used to compare responses between all four treatment groups. We adjusted
ithin each cytokine combination across all treatment group). Only p-values < 0.1 are



Fig. 4. Antigen-specific CD4 T cell responses increase during follow-up. Frequencies of cytokine co-expressing CD4 T cells in peripheral blood of tuberculous pericarditis
patients after PPD stimulation in placebo (a) adjunctive prednisolone (b)MIP immunotherapy (c) or combinatorial prednisolone andMIP therapy (d). Frequencies observed in
unstimulated blood were subtracted from those in PPD stimulated blood. Horizontal lines of graphs depict the median, boxes the IQR and whiskers the range (Tukey).
Wilcoxon comparison of responses at 2 weeks (pink), 6 weeks (royal blue) and 24 weeks (purple) post treatment time points to baseline (light blue). We used the Bonferroni
method to account for multiple testing and a p-value below 0.00238 (21 comparisons) was considered significant and highlighted in bold. Only p-values < 0.1 are shown.
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sive, pathogenic T cell responses against mycobacterial antigens
may contribute to tissue damage, promote fibrosis, and thus
enhance severity of TBP. High-dose prednisolone was hypothesized
to inhibit mycobacteria-specific T cell responses [22], thereby
reducing immunopathology. However, we observed no significant
reduction of T cell responsiveness to mycobacterial antigens in
the prednisolone compared to the placebo control group. Although
6

in the IMPI trial mortality was not reduced with prednisolone, the
incidence of constrictive pericarditis was reduced by almost 50%
regardless of HIV status, suggesting a significant steroid-
mediated reduction of inflammation induced pericardial tissue
injury. It is therefore possible that our 64 participant sub-study
was underpowered to detect a significant decrease of T cell respon-
siveness after prednisolone treatment.



Fig. 5. Comparison of changes in antigen-specific CD4 T cell responses relative to baseline between the treatment groups after PPD stimulation. Relative differences in
frequencies of cytokine co-expressing CD4 T cells in peripheral blood after PPD stimulation between baseline (0 weeks) and 2 weeks (top), 6 weeks (middle) or 24 weeks
(bottom), in the placebo (orange), prednisolone (blue), MIP (green) and MIP + prednisolone (red) treatment groups. Horizontal lines depict the median, boxes the IQR and
whiskers the range (Tukey). Mann-Whitney was used to compare placebo (orange), prednisolone (blue) and MIP (green) cytokine values to MIP + prednisolone (red)
treatment. We adjusted p-values using the Benjamini-Hochberg method (FDR adjustment within each cytokine combination across all treatment group). Only p-values < 0.1
are indicated (all p and q values in Suppl Tab 3) and p-values with associated q-values below 0.05 were considered significant and are highlighted in bold.
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As another possibility, benefits attributed to prednisolone in the
IMPI trial might be due to reduction of inflammatory responses in
immune cells other than T cells. In a small study, reduced concen-
7

trations of pro-inflammatory cytokines produced by innate cells,
including IL-1ß, IL-8 and lL-6, were seen in pericardial fluid of
TBP patients after prednisolone treatment [23].
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Intriguingly, combinatorial treatment of MIP and prednisolone
did improve the functional responsiveness of mycobacteria-
reactive CD4 T cells. CD4 T cells expressed higher levels of IFN-c,
IL-2 and TNF at completion of prednisolone treatment (6 weeks).
It is possible that prednisolone therapy dampened excessive pro-
inflammatory innate responses which continuously stimulated T
cells, thus reconstituting T cell capacity to respond to boosting of
MIP. As such, our results suggest that MIP boosting alone may not
be successful during the first few weeks of anti-TB drug treatment
when mycobacterial antigen load is high. However, such an effect
was not reported in animal studies where MIP boosting was initi-
ated at the same time as chemotherapy [9]. In TBP patients, pro-
longed antigen exposure over several weeks might have rendered
T cells hyporesponsive. Further investigation is needed to elucidate
the mechanisms behind the improved T cell responsiveness after
combinatorial MIP and prednisolone treatment.

In addition, an important limitation of this study is that the
mycobacterial T cell responses were only assessed in peripheral
blood. There is evidence to suggest that both the pro-
inflammatory and pro-fibrotic responses to TB pericarditis at gene
and protein level are highly compartmentalized, with the most
robust responses confined to the pericardium regardless of HIV
status [24]. Furthermore, a comparison of cytokines and chemoki-
nes analyzed by multiplex assays in pericardial fluid, plasma and
saliva in a small subset of IMPI trial participants, suggested impor-
tant differences by compartment with the strongest response at
the disease site [23]. This may also have contributed to the absence
of any difference in T cell response in our analysis given that we
did not assess T cell responses in pericardial fluid.

The relatively small sample size and diverse clinical disease
states preclude definitive conclusions to be drawn about the effi-
cacy results of monotherapy with MIP and prednisolone. We found
that the ability of CD4 T cells to respond to stimulation with
mycobacterial antigen highly differed between participants within
one group. The highly heterogenous responses could be due to sev-
eral factors: Pericarditis can only be confirmed via invasive proce-
dures and probable TBP patients might have had pericarditis for
reasons other than TB, which could have resulted in dilution of data
[25]. Different stages of TB and/or HIV infection could affect the
ability of T cells to respond to antigenic stimulation. Further poten-
tial factors influencing heterogenous immune response could result
from various anti-retroviral drugs for a subgroup of participants.

In conclusion, this immunological sub-study supports the clini-
cal result of the IMPI trial. MIP immunotherapy was not sufficient
in boosting mycobacteria-specific T cell responses in TBP patients.
High dose oral prednisolone treatment did not reduce pro-
inflammatory cytokine responses in T cells. A combinatorial treat-
ment of MIP and prednisolone significantly increased the ability of
CD4 T cells to respond to Mtb antigens. The results of this study
suggest that a combinatorial therapy of MIP and prednisolone
may improve CD4 T cell function.
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