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In The Lancet Infectious Diseases, Shruthi Ravimohan
and colleagues1 investigate whether immunological
proﬁles before and after antiretroviral therapy (ART)
can distinguish patients co-infected with HIV and
tuberculosis who develop tuberculosis-associated
immune reconstitution inﬂammatory syndrome (IRIS)
from those who do not develop this disorder and those
who have early mortality. The investigators noted
decreased pre-ART concentrations of several proinﬂammatory cytokines in patients with tuberculosisassociated IRIS (eg, interleukin [IL]-6 adjusted odds ratio
[OR] per 1 log10 increase 0·40 [95% CI 0·18–0·89]), which
resurged during the disease. After ART initiation, the
most prominent changes in patients with tuberculosis-

associated IRIS were reported for cytokines related to
innate immunity (eg, IL-6: adjusted OR 1·7 [95% CI
1·2–2·5] and tumour necrosis factor [TNFα: 1·5 [1·0–2·2]),
whereas recovery of the CD4 T-cell compartment was
similar to that shown in control participants who
survived without a diagnosis of tuberculosis-associated
IRIS.
These ﬁndings seem to challenge the fundamental
role of T cells in patients with tuberculosis-associated
IRIS. Findings from early key reports pointed towards an
overproduction of inﬂammatory T-helper-1 cytokines,
such as interferon-γ, as being the driving force behind
tuberculosis-associated IRIS.2 Lately, however, increasing
evidence is emerging implicating the innate immune
system in this syndrome.
Why is it that so many studies of tuberculosisassociated IRIS report diﬀerent or even conﬂicting
observations? In truth, tuberculosis-associated IRIS
is a disease with many faces. Even when guidelines
proposed by the International Network For The Study of
HIV-Associated IRIS are used,3 patients diagnosed with
tuberculosis-associated IRIS still present with symptoms
that widely vary in type, severity, and timing.4 As such,
the clinical picture of this disease might not be uniform
across diﬀerent studies, which could lead to observations
becoming just as heterogeneous as the disease itself.
For example, Ravimohan and colleagues now show the
importance of the study of tuberculosis-associated IRIS
during the actual IRIS event, when the inﬂammatory
process is peaking. The increase in IL-6 concentrations
between baseline and 4 weeks of ART in patients with
tuberculosis-associated IRIS was much more pronounced
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in patients who developed IRIS between weeks 2 and
4 of ART (early tuberculosis-associated IRIS) than in
those who developed IRIS later than 4 weeks of ART
(late disease). Of note, patients with early disease had
their IRIS event closer to the 4 week timepoint than
those with late disease. This ﬁnding shows the complex
cytokine kinetics in tuberculosis-associated IRIS, whereby
a phase of increasing and subsequently decreasing
cytokine concentrations ﬂank the cytokine peak during
the IRIS event. Studies measuring cytokines on the
slopes of this so-called cytokine storm might therefore
be underestimating their importance. This drawback
restricts the comparability between diﬀerent studies,
emphasising the kind of eﬀect that the heterogeneous
nature of tuberculosis-associated IRIS can have on our
observations.
Despite such heterogeneity, the similar patterns
emerging in research of tuberculosis-associated IRIS
are intriguing. We previously linked tuberculosisassociated IRIS with reduced pre-ART concentrations
of IL-6, which sharply increased during the IRIS
event.5 In concert, we noted the same pattern in the
concentrations of lipopolysaccharide-binding protein
(a well-known acute phase protein linked to IL-6
stimulation of the liver). Our ﬁndings are very similar
to those of Ravimohan and colleagues’, suggesting
that tuberculosis-associated IRIS is paradoxically
preceded by a relative decrease in inﬂammation—a
calm before the cytokine storm. By contrast with this
theory, a study reported increased concentrations
of IL-18 in a group of patients with paradoxical and
unmasking tuberculosis-associated IRIS, both before
and during ART.6 This contrast again shows the high
degree of variability that accompanies the study of
cytokines in tuberculosis-associated IRIS. Nonetheless,
these seemingly conﬂicting studies do have some
common ground. Both IL-6 and IL-18 were increased
during tuberculosis-associated IRIS and both cytokines
originate from cells of the innate immune system. In
fact, perturbations in innate cytokines have become
a recurring feature in research of tuberculosisassociated IRIS,1,5,7,8 inviting researchers to reassess
the role of the adaptive and innate immune system
in patients with this disease. Monocytes, for example,
have been associated with both predisposition to and
development of tuberculosis-associated IRIS.9 This
viewpoint is supported by ﬁndings from independent
www.thelancet.com/infection Vol 15 April 2015

studies showing that mycobacterial antigen-driven
activation of a particular subset of monocytes is a
predictor of tuberculosis-associated IRIS.10 Therefore,
the role of innate immunity in tuberculosis-associated
IRIS might be much more elaborate than previously
believed.
In conclusion, the amount of evidence suggesting
that innate immunity is a driving mechanism behind
tuberculosis-associated IRIS is steadily increasing.
The fundamental role of T cells in this disease might
therefore have to be reconsidered. Although we need to
be mindful of the high degree of clinical heterogeneity
when comparing diﬀerent studies of tuberculosisassociated IRIS, present research might be heading
towards a shift in our understanding of this disease.
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