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A B S T R A C T

Objective: The influence of tuberculosis (TB)-immune reconstitution inflammatory syndrome (IRIS) on TB
treatment outcomes and its risk factors were investigated among people with human immunodeficiency
virus (HIV) and co-infected with TB.
Methods: Newly diagnosed, culture-confirmed, pulmonary TB patients with HIV and enrolled in a clinical
trial (NCT00933790) were retrospectively analysed for IRIS occurrence. Risk factors and TB outcomes (up
to 18 months after initiation of anti-TB treatment [ATT]) were compared between people who
experienced IRIS (IRIS group) and those who did not (non-IRIS group).
Results: TB-IRIS occurred in 82 of 292 (28%) participants. Significant baseline risk factors predisposing to
TB-IRIS occurrence in univariate analysis were: lower CD4+ T-cell count, CD4/CD8 ratio, haemoglobin
levels, presence of extra-pulmonary TB focus, and higher HIV viral load; the last two retained significance
in the multivariate analysis. After 2 months of ATT commencement, sputum smear conversion was
documented in 45 of 80 (56.2%) vs.124 of 194 (63.9%) (p = 0.23), culture conversion was in 75 of 80 (93.7%)
vs. 178 of 194 (91.7%) (p = 0.57) and the median decline in viral load (log10copies/mm3) was 2.7 in the IRIS
vs. 1.1 in the non-IRIS groups (p < 0.0001), respectively. An unfavourable response to TB therapy was
detected in 17 of 82 (20.7%) and 28 of 210 (13.3%) in the IRIS and non-IRIS groups, respectively (p = 0.14).
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Conclusions: TB-IRIS frequently occurred in people with advanced HIV infection and in those who
presented with extra-pulmonary TB lesions, without influencing subsequent TB treatment outcomes.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

Paradoxical tuberculosis (TB)-immune reconstitution inflam-
matory syndrome (TB-IRIS) is the apparent clinical or radiologi-
cal deterioration seen in pre-existing lesions or emergence of
new TB lesions after anti-retroviral therapy (ART) initiation
among human immunodeficiency virus (HIV)-TB coinfected
patients, despite temporary improvement with anti-TB treat-
ment (ATT) and effective virological suppression (Gopalan et al.,
2014; Lawn et al., 2005; Lawn et al., 2007). The dynamics of this
phenomenon that frequents concomitant therapy, especially in
the scenario of advanced HIV and early ART initiation, is
explained by the cytokine storm that becomes unleashed with
ART (Bourgarit et al., 2006; Tadokera et al., 2011). Important risk
factors predisposing to IRIS occurrence include lower levels of
CD4+ T-cell count (French et al., 2004; Haddow et al., 2012;
Murdoch et al., 2008; Worodria et al., 2012), CD4/CD8 ratio
(Breton et al., 2004), haemoglobin (Haddow et al., 2012;
Worodria et al., 2012), higher viral load (Haddow et al., 2012;
Narendran et al., 2013), and shorter ATT-ART interval (Meintjes
et al., 2008; Naidoo et al., 2012; Narendran et al., 2013). It has
been demonstrated that there are two prerequisites that are
necessary for IRIS occurrence: (i) a long-standing infection and
(ii) an advanced immunodeficiency status. Both hamper
pathogenic clearance, leading to tissue accumulation and
dissemination of antigens (Barber et al., 2012). IRIS is likely to
occur with the reconstitution of pathogen-specific responses
against these TB antigens, whether dead or alive, brought about
by starting ART (Cevaal et al., 2019; Sereti et al., 2010). Thus, IRIS
is most likely to manifest within the first 3 months of starting
ART (French et al., 2004; Lawn et al., 2005; Meintjes et al., 2008;
Namale et al., 2015).

Tuberculosis not only hails as the commonest opportunistic
infection in people with HIV but also accounts for the largest
number of IRIS cases (Haddow et al., 2012; Namale et al., 2015). A
recent systematic review of 7789 HIV-TB co-infected patients
reported a pooled IRIS incidence of 18% (95% CI 16–21%), with
pulmonary lesions followed by lymph node enlargements as
frequent presentations of IRIS (Namale et al., 2015). Many studies
have clearly documented the survival advantage of commencing
ART early, despite the increased risk of TB-associated IRIS, with
the severity and duration intensifying with a shorter ATT-to-ART
interval (Naidoo et al., 2012; Sereti et al., 2010). Polymorphisms in
the genes encoding for the enzyme leukotriene A4 hydroxylase
may also play a role in severity and duration of TB-IRIS
(Narendran et al., 2016). A prospective study in India conducted
in a cohort of both ATT and ART-naïve patients who were
sequentially started on ATT followed by ART showed the TB-IRIS
incidence to be up to 54% (Narendran et al., 2013). Even though
the role of ART on TB and HIV outcomes has been well described
(Abay et al., 2015; Chareesil et al., 2019; Kumarasamy et al., 2013;
Naidoo et al., 2012), there is a dearth of information on the
influence of TB-IRIS, per se, on subsequent TB treatment
outcomes. Therefore, the current study analysed data from a
randomised clinical trial (RCT), comprising a well-characterised
cohort of people with HIV with newly diagnosed, sputum culture-
confirmed pulmonary TB, to effectively describe TB-IRIS charac-
teristics and also evaluate the influence of TB-IRIS on subsequent
TB outcomes.
Methods

Study subjects

An RCT (NCT00933790)–conducted at the Indian Council of
Medical Research, National Institute for Research in Tuberculosis
(ICMR-NIRT), formerly Tuberculosis Research Centre, South India,
between 2009–2016 – provided the data required for analysis in
the current study (Gopalan et al., 2018). Study participants were
enrolled if: aged �18 years, with newly diagnosed, sputum culture-
confirmed (solid media), rifampicin-sensitive TB (<128 mg, by the
MIC method), and with ATT-naïve HIV. They had to be willing to
participate in TB treatment under supervision and signed a written
and dated informed consent. Approval was obtained from the
Institutional Human Ethics Committee.

Investigations

Laboratory investigations included: two rapid tests for HIV
(TriDot-J Mitra M/s and Retroquic Qualpro diagnostics, India);
Hepatitis B (HEPA card, Diagnostic enterprises, India); Hepatitis C
(HCV tri-DOT, Diagnostic enterprises, India); full blood count
(automated haematology analyser ABX, France); CD4+ T-cell count
(FACS count flow cytometer, Becton Dickinson, USA); quantifica-
tion of plasma HIV-1 viral load (Roche COBAS AmpliPrep/COBAS
TaqMan HIV-1 Test, version 2.0, Germany); liver and renal function
tests; and random plasma glucose (automated analyser, Olympus
Corporation, Tokyo, Japan). A standard chest X-ray with poster-
oanterior view was taken and reviewed by two independent
readers from a group of four chest physicians. All investigations
except ELISA for HIV-1 and HIV-2 were periodically repeated at (i)
baseline, (ii) at IRIS event (IRIS cases) or 2 months after starting
ART (in non-IRIS controls), (iii) at the end of 6 months of ATT, and
iv) at 18 months after ATT commencement and whenever clinically
indicated. Sputum smears were collected every month up to 18
months (three specimens during the treatment period and two
during follow-up, i.e. 7–18th months and whenever clinically
indicated), examined by fluorescence microscopy, processed by the
modified Petroff's method, and cultured on Lowenstein-Jensen
medium (LJ), with species identification and drug susceptibility
testing performed, if positive, on LJ culture (Bryan and Allen, 1968;
Canetti et al., 1969).

TB treatment details and evaluation of TB outcome

Standard four drug ATT–comprising ethambutol (E), rifampicin
(R), pyrazinamide (Z) and isoniazid (H)–was started in the first 2
months of the induction phase (intensive phase) followed by H and
R for 4 months (in the continuation phase); it was administered
daily or intermittently as per trial randomisation (Gopalan et al.,
2018). The three regimens were daily (2EHRZ7/4HR7), partly daily
(2EHRZ7/4HR3) and fully intermittent (2EHRZ3/4HR3). Drug intake
was directly observed for the entire 6-month treatment period,
except during weekends. The ART regimen consisted of either
stavudine (30/40 mg BD) or zidovudine (300 mg BD) initially, or
tenofovir (300 mg OD) at a later date, given along with lamivudine
(300 mg OD/150 mg BD) and efavirenz (600 mg OD), initiated as an
in-patient for an initial 2 weeks, as per prevailing national
guidelines (India, 2007, 2013). TB treatment outcomes were
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Figure 1. Temporal distribution of IRIS cases according to site of lesion after starting
ART (in days). Eight patients (three with pulmonary and five with extrapulmonary
TB) had IRIS with ATT itself before starting ART. Those who had IRIS after ART are
depicted in the graph. Of those who developed IRIS within the first month of
starting ART, 43/49 cases had culture negative while six had cultures downgraded
from 3+ to 1+ or few colonies, confirming response to ATT.
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classified as favourable if sputum cultures collected during the last
2 months of TB treatment and follow-up were available and
negative for Mycobacterium tuberculosis (M. tuberculosis). Unfav-
ourable responses in this study included failures, recurrences and
death during treatment, as previously published (Gopalan et al.,
2018).

TB-IRIS diagnosis and treatment

Diagnosisof IRISwasconfirmedbyusingtheINSHI-2008consensus
definition (Meintjes et al., 2008) fulfilling additional criteria of a 0.5-
log10decline in HIV viral load values, with M. tuberculosis culture from
sputum being negative or downgraded from baseline around the
IRIS event and/or any other biological specimen collected at the IRIS
event being negative for M. tuberculosis (Narendran et al., 2013). A
panel of independent physicians was presented with clinical
records of patients manifesting signs and symptoms suggestive
of paradoxical IRIS, supplemented with relevant investigations.
Routine work-up of febrile episodes, to rule out other endemic
causes of fever, was performed. Those who fulfilled the above-
mentioned criteria were labelled as IRIS cases. A separate endpoint
review committee was formed for adjudicating the TB outcomes.
Non-steroidal anti-inflammatory drugs were initially prescribed for
a few days for those experiencing IRIS phenomena, followed by
prednisolone at a dose of 0.5–2 mg/kg body weight and tapered over
a 2-to-8-week period, depending on the severity and response and
on a case-by-case basis, as previously described (Narendran et al.,
2013, Swaminathan et al., 2010). Parenteral steroids were only
administered in severe cases, with dexamethasone starting 8 mg
twice a day, tapered for 1–2 weeks and then to oral steroids for the
next 4–6 weeks.

Statistical analysis

TB-IRIS incidence was estimated and its characteristics
revisited. The entire cohort was subdivided into two groups:
those experiencing TB-IRIS (TB-IRIS group) and those with an
uneventful immune recovery (non-IRIS group). Baseline (pre-
treatment) risk factors for IRIS occurrence were compared. To
identify the possible predisposing factors associated with TB-IRIS
occurrence, univariate analysis was performed with calculations of
odds ratio (OR) values, including important determinants such as:
CD4+ T-cell count, CD4/CD8 ratio values, haemoglobin levels,
presence/absence of other opportunistic infections, presence/
absence of extrapulmonary focus of TB lesion, ATT regimen, extent
of radiological involvement (fewer or more than three zones) on
chest X-ray, sputum acid fast bacilli (AFB) smear and culture for M.
tuberculosis (grades of <2 and >2+), and ATT-to-ART interval. All
proportions were tested for significance using the Pearson's Chi-
square test, while the Mann–Whitney U test was used for
continuous variables, taking a p-value <5% as the significance
threshold level. A multivariate binary logistic regression model
was constructed taking significant factors (i.e. p < 0.05) into
consideration. Kaplan–Meier curves were plotted for each stratum
of CD4+ T-cell count at baseline, to calculate the IRIS-free survival
probability in weeks, with values censored at 24 weeks. The mean
survival estimates were compared using the log-rank test. Factors
determining TB outcomes at 2, 6 and 18 months post-ATT
commencement were evaluated to ascertain if there was a
difference that existed between the IRIS and non-IRIS groups.
An 18-month observational period was chosen because most TB
recurrences occurred within the first year after completion of ATT
(Leone et al., 2010). All statistical analyses were performed using
IBM SPSS Version 25.0 software. As part of this study, findings were
presented as a poster at the 50th Union World Conference on Lung
Health, India (Narendran and Chandrasekaran, 2020).
Results

Incidence and characteristics of TB-IRIS

The parent RCT included 331 patients, of which 292 were
culture-confirmed, rifampicin-sensitive pulmonary TB cases (by
solid cultures). In this TB-IRIS study, 292 were included in
analysis to diagnose IRIS and segregate multidrug-resistant TB
(MDR-TB) cases. Furthermore, 82 (28%) patients developed
paradoxical TB-IRIS, with pulmonary lesions in 30 and extra
pulmonary diseases in 52. The incident curve of TB-IRIS peaked in
the first 15 days after ART and began to fade after 45 days,
exhibiting a similar temporal trend in both types of lesions
(Figure 1). Extra pulmonary manifestations predominated over
pulmonary deterioration with lymph node enlargement being the
commonest IRIS manifestation (33/82), followed by pulmonary
infiltrates (22/82). The incidence of IRIS was 73/257 (28.4%)
among ART-naïve patients who started ATT first followed by ART
initiation, compared with 9/45 (20%) among newly diagnosed TB
patients who were already on ART and subsequently started ATT
(p = 0.279). Of note, the latter group experienced IRIS only after
both therapies were started.

Predisposing factors of paradoxical TB-IRIS

Tables 1 and 2 show comparisons of the baseline demographic
characteristics between the subgroups of patients who further
developed IRIS and those who had uneventful follow-up.
Baseline data were comparable with respect to age, frequency
of males, weight, and ATT-to-ART interval duration. In the
univariate analysis, there were significantly lower CD4+ T-cell
counts, lower CD4/CD8 ratio values, lower haemoglobin con-
centrations in peripheral blood, with higher HIV viral loads and
a greater frequency of detected extra-pulmonary TB foci present
in the IRIS group when compared with the non-IRIS group
(Table 1). IRIS cases were 48/184 and 34/98 (p = 0.03) among
those undertaking daily and intermittent ATT regimens during the
intensive phase of therapy (p = 0.03). In a multivariate binary
logistic regression, low baseline CD4+ T-cell count (OR 2.3, 95% CI
1.2–4.2; p = 0.009) and presence of extra-pulmonary TB focus at
baseline (OR 3.58, 95% CI 2.0–6.3; p < 0.0001) remained indepen-
dently associated with TB-IRIS (Table 2). Using Kaplan Meier
survival plots, it was deduced that the tendency or risk for IRIS
occurrence was approximately doubled if the pre-ART CD4+ T-cell
count was <100 cells/mm3, whereas such risk was significantly
reduced in patients with CD4+ T-cell count >350 cells/mm3

(p < 0.001) (Figure 2).



Table 1
Characteristics of the study population at baseline.

Characteristic TB-IRIS n = 82 Non-IRIS n = 210 p-Value

Age (years) 39 (32–45) 38 (33–44) 0.7
Weight (kg) 42 (37–48) 43 (37–49) 0.2
ATT-to-ART Interval (days) 17 (2–45) 16 (9–33) 0.8
CD4+ T-cell count, per mL 92 (45–175) 159 (90–287) <0.0001
CD4/CD8 ratio 0.17 (0.08–0.36) 0.24 (0.15–0.41) 0.001
Plasma HIV RNA – log10 copies/mL 5.5 (5.2–5.8) 5.2 (4.0–5.7) <0.00001
Haemoglobin (g/dL) 9.2 (7.2–10.6) 9.6 (8.4–11.5) 0.026

Data, except for proportions, represent medians and interquartile ranges.
The Mann–Whitney U test was used to compare continuous variables between the groups and the distributions of age whereas Fisher's exact test was used to compare
frequency distribution.

Table 2
Predisposing factors associated with TB-IRIS.

Parameter (numbers/percentage) TB-IRIS n = 82 Non-IRIS n = 210 OR (95% CI) p-value

Male 68 (83) 160 (76) 1.15 (0.78–2.92) 0.2
Extra-pulmonary TB focus present 48 (59) 57 (27) 3.78 (2.22–6.46) <0.0001
Chest X-ray >3 zones 51 (62) 146 (69) 0.72 (0.42–1.23) 0.23
On daily ATT regimen 27 (32) 71 (33) 0.96 (0.55–1.65) 0.88
Opportunistic infection present 24 (29) 44 (21) 1.56 (0.87–2.78) 0.13
AFB smear grade >2+ 37 (45) 107 (50) 0.79 (0.47–1.32) 0.37
Mycobacterium tuberculosis culture grade >2+ 58 (71) 142 (67) 1.15 (0.63–2.01) 0.60

Data represent distribution of possible risk factors associated with TB-IRIS between groups.
A logistic regression model was performed to assess the odds ratios (OR) and 95% confidence intervals (CIs).

Figure 2. Kaplan–Meier survival curves depicting IRIS–free survival probability,
among HIV-TB coinfected patients categorised by baseline CD4+ T-cell count values
(cells/mL).
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Steroid treatment in IRIS

Among IRIS cases, 59/82 (72%) required treatment with
steroids. Twenty-three did not require steroids, with nine of
them having a cold abscess arising from the lymph nodes,
requiring only incision and drainage. Forty-four patients required
oral steroids (prednisolone) whereas 15 of them required initial
parenteral steroids (dexamethasone) for 7–12 days followed by
oral steroids tapered over 3–4 weeks (see Methods for more
Table 3
Response to TB therapy and immune recovery in both study groups at different study 

Parameter/Outcome 

TB culture negative at 2 months (%)#

Smear negative for AFB at 2 months (%)#

Log-10 reduction in HIV viral load from baseline to IRIS or month 2 of ART, median 

CD4+ T cell count increase from baseline to IRIS or month 2 of ART, median (IQR) 

Unfavourable TB outcomes (%) 

TB treatment failure (end of Rx – 6 months) 

Deaths (at 6 months) 

TB recurrence (in up to 18 months of follow up) 

Deaths during follow-up 

The Mann–Whitney U test was used to compare continuous variables between the gro
frequency distribution.

# Available sputum specimen at 2 months was 80 and 190 in IRIS and non-IRIS, resp
details). Of the 15 patients who required parental dexametha-
sone, 10 had lesions in the central nervous system, two were
abdominal IRIS, one had multi-organ dysfunction syndrome, and
two had bulky mediastinal disease. Of these 15 cases, four (two
with central nervous system involvement and two with abdomi-
nal involvement) had to temporarily stop their ART, which was
resumed after IRIS subsided under cover of steroids as inpatients
in the hospital.

Impact of IRIS on TB outcomes

At the end of 2 months of ATT, frequency of smear conversion
and culture conversion, which are considered surrogate markers of
subsequent TB treatment outcomes, was between the distinct
clinical groups (TB-IRIS vs. non-IRIS) (Table 3). Regarding immune
restoration after ART: the median decline in HIV viral load values
was significantly greater (p = 0.0001), whereas the increase in CD4+

T-cell counts was slightly higher in the IRIS group (p = 0.08) when
compared with the non-IRIS group. At the end of 6 months of ATT,
as well as at 18 months after starting ATT, the frequency of
unfavourable TB treatment outcomes (failure to TB therapy,
mortality, recurrences) was similar between the clinical groups
(Table 3).
timepoints.

TB-IRIS n = 82 Non-IRIS n = 210 p-value

75 (94) 178 (92) 0.57
45 (56) 124 (64) 0.23

(IQR) 2.7 (2.0–3.2) 1.1 (0–2.5) < 0.0001
114 (17–189) 75 (8–158) 0.08
19 (23.1%) 35 (16.6%) 0.14
4 7
6 12
7 9
2 7

ups and the distributions of age whereas Fisher's exact test was used to compare

ectively. Rx, treatment.
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Discussion

It is believed that this is probably the first report of a sequential
comparison of TB characteristics, between IRIS and non-IRIS
groups, studied from pre-treatment (before ATT administration)
until 18 months after ATT, to evaluate the possible impact of TB-
IRIS on TB outcomes. With adherence ensured and drug-resistant
TB ruled out early, IRIS was diagnosed with better precision.
Tuberculosis leads to an expressive increase in immune activation,
as recently described in an Indian population (Oliveira-de-Souza
et al., 2019). Sputum culture-confirmed pulmonary TB itself
signifies a more severe clinical form, in the context of advanced
HIV. The heightened levels of inflammatory markers in both
pulmonary and extrapulmonary forms justify the need to explore
the dynamics of TB-HIV coinfection when dually infected patients
experience TB-IRIS (Vinhaes et al., 2019).

The current findings demonstrated that the occurrence of TB-
IRIS had no impact on TB outcome at any point in time from IRIS
occurrence until 18 months after ATT, despite important baseline
differences that existed between the IRIS and non-IRIS groups. It
was hypothesised that the dysregulated immune regulation of IRIS,
although it results in exaggerated immune activation, becomes
reduced by anti-inflammatory agents, making it inconsequential in
the protracted course of TB therapy. This study also supports the
shift from switching to a daily ATT regimen during the intensive
phase, as it probably offers protection against IRIS breakdown due
to greater antigenic clearance, as evidenced by a higher culture
conversion, as described in the parent RCT (Gopalan et al., 2018).
However, the logistic regression analysis indicated that the effect
of ATT regimen on risk of IRIS was nullified due to more important
factors such as advanced HIV and extrapulmonary TB, which
remained significantly associated with IRIS, independent of other
factors included in the adjusted model. Thus, other determinants
aside from ATT regimen played a more significant role in
determining the risk of IRIS.

It is equally surprising that this robust recovery of the immune
responses in the IRIS group did not translate into higher rates of
smear or culture conversion in sputum. As clear evidence exists on
the benefit of steroids in reducing IRIS-associated mortality and
the duration of hospitalisation, even when lower doses were used
(Meintjes et al., 2010; Swaminathan et al., 2010), steroids were
prescribed for treating IRIS episodes. The clinically reassuring fact
is that steroid therapy in IRIS did not influence the occurrence of
unfavourable TB treatment outcomes or sputum positivity at the
end of treatment. This was observed regardless of the fact that
steroids were started early in the course of ATT, despite advanced
HIV and sputum culture positivity for M. tuberculosis when ART
was provided concomitantly.

In the current study, the higher decline in HIV viral load and an
increase in CD4+ T-cell count observed in the IRIS group when
compared with the non-IRIS group, around the end of the intensive
phase of TB treatment, could have been the reason for IRIS to occur.
An earlier report by Breton et al. demonstrated a significant
increase in CD4/CD8 ratio values in the IRIS group, with a modest
increase in CD4+ T-cell count and decline in HIV viral load, probably
due to a smaller number of patients who were investigated (Breton
et al., 2004). On the contrary, the studies by Chareseel et al. and
Kumarasamy et al. found no difference in increase of CD4+ T-cell
count or decline in HIV viral load at 6 and 12 months after ART
initiation among IRIS and non-IRIS patients (Chareesil et al., 2019;
Kumarasamy et al., 2013).

The following characteristics of the study design (Namale et al.,
2015; Narendran et al., 2013) probably contributed to a higher
incidence and detection rate of IRIS in the current study: (i) routine
inpatient hospitalisation during the initial 2 weeks of ART
initiation, as mandated by National HIV India, (ii) directly observed
therapy for TB and (iii) confirmed pulmonary TB with advanced
HIV. Luetkemeyer et al. found a four-fold risk of IRIS (12.6% vs. 3.2%)
among confirmed TB cases compared with probable TB cases
(Luetkemeyer et al., 2014). It is well known that IRIS incidence
surges during the initial months of ART (Blanc et al., 2011; Lawn
et al., 2005; Namale et al., 2015). In the current analysis, patients on
ART diagnosed with pulmonary TB and started on ATT had a similar
incidence of TB-IRIS as those who were initiated on ATT first and
subsequently started on ART.

In this study, the extra-pulmonary TB focus, apart from low
CD4+ T-cell count, proved to be an important clinical parameter
predisposing to a four-fold risk of IRIS. Presence of an extra-
pulmonary TB focus, as a potential surrogate marker for persistent
antigenemia and disseminated TB, has been reported in various
studies (Meintjes et al., 2010; Namale et al., 2015), potentiating the
likelihood of IRIS occurrence up to eight times (Manosuthi et al.,
2009).

The factors predisposing to IRIS that were identified in this
study–such as lower CD4+ T-cell count, CD4/CD8 ratio, low
haemoglobin, higher HIV viral load, and presence of extra-
pulmonary TB–are all direct or indirect surrogates of advanced
HIV (Haddow et al., 2012; Lawn et al., 2007; Namale et al., 2015;
Worodria et al., 2012). This fact supports the World Health
Organization's (WHO) policy of ‘test and treat’, which can play a
major role in mitigating IRIS occurrence (WHO, 2015). Early ART
initiation due to a change in guidelines and that some of the
patients were already on ART while diagnosed with TB could have
dampened the influence of a shorter ATT-to-ART interval as a
predisposing factor for IRIS in the current retrospective analysis
compared with a previous prospective study (Narendran et al.,
2013).

The main strength of this retrospective study was the selection
of a population from a clinical trial cohort, which was well
characterised, analysing only rifampicin-sensitive pulmonary TB
patients, which immediately excluded drug-resistant TB. Of note,
MDR-TB is reported as the closest mimic of TB-IRIS (Meintjes et al.,
2009). Apart from using the INSHI criteria, the accuracy of TB-IRIS
diagnosis in the present study was enhanced by the inclusion of
additional criteria such as at least a 0.5 log decline in HIV viral load
and sputum cultures, which had to be either downgraded or
negative, around the time of IRIS diagnosis (Narendran et al., 2013).
Patients were followed up for a considerable period of 18 months,
with close monitoring to help to increase the validity of the
findings.

This study had some limitations. At first glance, the study may
have been slightly underpowered due to the relatively small
sample size. Nevertheless, the validity of the findings was still
significant, considering the fact that this unique study could not
have been prospectively performed and IRIS was precisely
confirmed based on stringent criteria, as described above, to avoid
misdiagnosis of MDR-TB cases. Because the study only included
pulmonary TB patients with sputum culture positive for M.
tuberculosis it was not possible to extrapolate the findings to
exclusive extra-pulmonary TB cases or cohorts of smear-negative
TB patients. No extensive active diagnostic workup for extra-
pulmonary involvement of pulmonary TB was performed at
baseline. Hence, there is some uncertainty as to whether the
extra-pulmonary foci, which erupted at the time of IRIS, was new
or simply an unmasking type. Although all patients requiring
steroid therapy started treatment at a dose of 0.5–1 mg/kg body
weight, the duration of steroid therapy varied from patient to
patient, as per the discretion of the treating physician, and
heterogeneity did exist. However, there was no recurrence of TB-
IRIS in any of the patients on stopping steroid therapy, except in
one patient who had a multifocal presentation (Narendran et al.,
2019).
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Conclusions

In conclusion, IRIS occurrence or its containment with steroids
had no influence on subsequent TB outcomes when studied
progressively from IRIS occurrence to 18 months after ATT.
Advanced immunodeficiency, especially in the presence of an
extra-pulmonary TB focus at pre-ART, followed by rapid decline in
HIV viral load after ART initiation predisposed to higher frequency
of IRIS.
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