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Abstract

Introduction: Inflammation, or the prolonged resolution of inflammation, contributes to death 

from tuberculosis. Interest in inflammatory mechanisms and the prospect of beneficial immune 

modulation as an adjunct to antibacterial therapy has revived and the concept of host directed 

therapies has been advanced. Such renewed attention has however, overlooked the experience of 

such therapy with corticosteroids.

Areas covered: The authors conducted literature searches and evaluated randomized clinical 

trials, systematic reviews and current guidelines and summarize these findings. They found 

evidence of benefit in meningeal and pericardial tuberculosis in HIV-1 uninfected persons, but less 

so in those HIV-1 co-infected and evidence of harm in the form of opportunist malignancy in those 

not prescribed antiretroviral therapy. Adjunctive corticosteroids are however of benefit in the 

treatment and prevention of paradoxical HIV-tuberculosis immune reconstitution inflammatory 

syndrome.

Expert Commentary: Further high quality clinical trials and experimental medicine studies are 

warranted and analysis of materials arising from such studies could illuminate ways to improve 

corticosteroid efficacy or identify novel pathways for more specific intervention.
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1. Introduction: corticosteroids as a host-directed therapy in tuberculosis

In 2016, 1.7 million people died from tuberculosis, including 0.4 million people co-infected 

with HIV-1 infection [1]. Delayed and poor diagnosis, social factors and limited access to 

care leading to late clinical presentation are contributors, as is antimicrobial drug resistant 

disease. However, the mechanism of death in the majority of cases remains surprisingly 

poorly understood. Pathological aberrant immunity to Mycobacterium tuberculosis is widely 

appreciated to contribute to mortality yet is under-researched. This has led to a recent 

increased interest in the prospect of host-directed therapies that seek either to augment 

immunity to facilitate bacillary clearance or as an adjunct to offset the inflammation that 

leads to tissue damage and which may impair antibacterial action (Figure 1 and [2]). Little 

of this increasing literature, however, acknowledges that by far the greatest clinical 

experience of such adjunctive anti-inflammatory therapy is with corticosteroids. 

Corticosteroids have potent anti-inflammatory and immunosuppressive effects and are 

among the most commonly used drugs to control inflammation in diverse conditions 

including infection and autoimmune diseases. They are commonly used in many respiratory 

conditions such as asthma, bronchiolitis, cystic fibrosis and tuberculosis. Over 50 clinical 

trials had been conducted to evaluate the effect of corticosteroids in pulmonary and 

extrapulmonary tuberculosis and a meta-analysis on 41 clinical trials that took place prior to 

September 2012 found that corticosteroids significantly reduced mortality in all forms of 

tuberculosis [3]. This review discusses such clinical evidence and reflects that the 

mechanisms remain largely uninvestigated in the context of human disease.

2. Corticosteroid efficacy in various disease forms of tuberculosis

2.1 Pulmonary tuberculosis

Globally pulmonary tuberculosis contributes an estimated 81% of all reported tuberculosis 

cases [1]. The proportion extrapulmonary varies by age, location, HIV-1 status and 

ascertainment (Table 1). The inflammatory immune response elicited by tuberculosis is 

responsible for much of the associated structural lung damage and subsequent functional 

impairment. Use of adjuvant anti-inflammatory agents such as corticosteroids for the 

treatment of pulmonary tuberculosis has been researched since the 1960s. Adverse 

pharmacokinetic interactions with tuberculosis treatment and corticosteroid-related side-

effects have been areas of concern. Two systematic reviews have been conducted on 

adjunctive corticosteroid therapy in pulmonary tuberculosis, with contradictory conclusions. 

A systematic review published in 2003 included 11 RCTs and found that corticosteroids 

were safe and provide early and sustained benefit as determined by clinical and radiological 

features of pulmonary tuberculosis in selected patients with advanced disease. However, 

mortality was not assessed and conclusions were based on findings of small studies only two 

of which included rifampicin in treatment regimens [4]. A more recent Cochrane review 

updated the findings of this 2003 systematic review by inclusion of 18 trials (including the 
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11 trials from the 2003 review). The conclusion on this occasion was that there was no high-

quality evidence of benefit in the context of contemporary antimicrobial treatment of 

tuberculosis, due to lack of large clinical trials using rifampicin in the treatment regimen [5].

Only five trials evaluating adjunctive corticosteroid treatment for pulmonary tuberculosis 

have been conducted since the introduction of multi-drug, rifampicin-containing treatment 

regimens [6–10]. Only one included patients with HIV-1-associated tuberculosis [10]. Two 

trials included only patients with endobronchial tuberculosis [7,8], one of which was 

conducted in in children [7]. Four of these five studies reported no deaths. The only trial that 

did was that conducted in patients with HIV-1-associated pulmonary tuberculosis [10]. They 

used a high dose of prednisolone (2.75mg/kg daily for 4 weeks and then tapered over 4 

weeks) and showed no survival benefit (18% deaths in prednisolone vs 15% deaths in 

placebo arms, p = 0.28). Three deaths of 17 in the prednisolone arm were attributed to this 

therapy, namely sickle cell crisis, hypertensive encephalopathy and meningitis. One 

retrospective observational study evaluating the role of steroids on 90-day mortality in 

patients with pulmonary tuberculosis admitted to an intensive care unit with acute 

respiratory failure showed decreased mortality after adjusting the analysis with the inverse 

probability of treatment weighted method [11].

In terms of microbiological outcomes, two of the five trials included sputum conversion as 

an endpoint. One study showed no difference in proportion of patients who were sputum 

negative at two months (92% vs 93% in those receiving adjuvant steroids compared to no 

steroids) [6]. A second study showed faster sputum clearance with a greater proportion of 

negative mycobacterial cultures at 1 month in the prednisolone arm compared to the placebo 

arm (62% vs 37%, p=0.001), but there were similar proportions of sputum culture negative 

patients at 2 months (86% vs 85%) [10].

With respect to treatment failure and relapse one study of the five reported treatment failure 

and showed similar proportions (1% vs 1%) in both arms. The same study showed similar 

proportions of relapse (patients developing recurrent tuberculosis within two years) with 

8.6% in prednisolone group versus 11.7% with no prednisolone [10]. In another study, 

bacteriological relapse requiring treatment occurred in 3% of prednisolone treated versus 2% 

with no prednisolone [6]. A third study showed no relapse in either arm during 1–3 years of 

follow up [9].

In terms of clinical improvement, one study of five reported decreased time until patients 

became afebrile in the prednisolone treated arm versus the no prednisolone arm (13 days vs 

37 days), with a mean decrease of 1.2°C within 72 hours in the prednisolone group versus an 

increase of 0.2°C in those without prednisolone (p=0.003) [9]. The same study was the only 

one to report change in weight, showing significantly increased weight in those receiving 

prednisolone compared to no prednisolone at 70 days after treatment (mean gain 7.2 kg vs 

4.2 kg, p = 0.002) [9] and the only one to report duration of hospitalization, with shortened 

stay (53.4 days vs 71.3 days, p = 0.028) in the prednisolone arm [9].

A small study that included only patients with endobronchial tuberculosis reported no 

difference in forced vital capacity and forced expiratory capacity at 2 months between the 
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steroid treated group and those without steroids (9.2% vs 10.4% and 13.1% vs 9.4%, 

respectively) [8].

2.2 Tuberculous meningitis

Tuberculous meningitis (TBM) is the most lethal form of tuberculosis, causing death or 

disability in almost half of those affected [12]. Since the advent of antitubercular treatment 

in the 1940s, there has been widespread recognition frequent paradoxical worsening of signs 

and symptoms upon initiation of treatment. This is particularly acute in TBM where the 

encased environment of the central nervous system is particularly vulnerable to the response 

of the host immune system to dead or dying bacteria. Particularly in the context of this 

paradoxical worsening of symptoms with antitubercular treatment, corticosteroids are the 

most widely used and researched host-directed therapy in TBM.

In terms of mortality, the first randomized controlled trial (RCT) of corticosteroids in TBM 

was reported in 1969 and demonstrated a non-significant reduction in mortality with 

treatment (RR 0.53, 95% CI 0.39 to 1.37; n = 23) [13]. Since then a further six published 

RCTs have investigated efficacy of corticosteroids in reducing mortality [14–19]. A recent 

Cochrane review found that in the pooled analysis of these seven trials alongside data from 

two unpublished trials there were 25% fewer deaths with corticosteroids (RR 0.75, 95% CI 

0.65 to 0.87; 1337 participants) [20]. The largest of these studies was a randomized, double-

blind placebo-controlled trial conducted in Vietnam in 545 patients with TBM [18]. In this 

trial treatment with dexamethasone was associated with a reduction in risk of death (RR 

0.69, 95% CI 0.52 to 0.92; p = 0.01). Of the nine RCTs conducted since 1969, this is the 

only study for which long-term outcome data is available. These data demonstrated that at 

two years there was a non-significant trend towards survival in the dexamethasone group 

(RR 0.63 versus 0.55; p = 0.07); however at five years’ survival rates were similar (RR 0.54 

versus 0.51; p = 0.51) [21]. In a subgroup analysis accounting for grade of TBM, the benefit 

of dexamethasone tended to persist over time in those with less severe (Grade 1) TBM, but 

not for more severe (Grade 2 or 3) TBM (5-year survival probability 0.69 versus 0.55, p = 

0.07). However, the test of interaction between disease severity and effect size was not 

statistically significant (p = 0.36).

Of the nine studies included in the Cochrane review, eight reported on neurological 

disability at 2 to 24 months’ post diagnosis [20]. Pooled analysis of these data demonstrated 

no effect of corticosteroids (RR 0.92, 95% CI 0.71 to 1.20; 1314 participants). In the 

aforementioned Vietnamese study, there was also no significant reduction in the proportion 

of severely disabled patients (34 of 187 (18.2%) among survivors in the dexamethasone 

group vs 22 of 159 patients (13.8%) in the placebo group, p=0.27); or in the combined 

outcome of death and severe disability at 9 months (OR 0.81, 95% CI 0.58 to 1.13; p = 0.22) 

[21]. At five years there was no significant association between dexamethasone treatment 

and disability status (p=0.32) [18,21]. This trial, as well as the analysis from the recent 

Cochrane review highlight the lack of evidence to support the efficacy of corticosteroids to 

prevent disability in TBM.

Where TBM occurs in the context of HIV co-infection, there is a paucity of efficacy data to 

inform the use of corticosteroids. Of the nine RCTs taking place since 1969, only the 2004 
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Vietnamese study enrolled patients with HIV-1 co-infection (98 of the 545 patients were co-

infected) [18]. Although not powered to test the efficacy of dexamethasone in HIV-1-

associated TBM, there was no significant effect of dexamethasone on the combined endpoint 

of death and disability or on death alone (stratified relative risk of death 0.78; 95% CI 0.59 

to 1.04; p = 0.08).

As mentioned earlier, corticosteroids have also been used to treat paradoxical worsening of 

symptoms upon use of effective antitubercular therapy. Of particular importance in patients 

with HIV-1 co-infection, is that initiation of antiretroviral therapy (ART) may lead to further 

severe paradoxical worsening named the immune reconstitution inflammatory syndrome 

(IRIS). Although in non-CNS IRIS use of prednisolone has been associated with more rapid 

symptom improvement [22], there is poor evidence of efficacy in TBM-IRIS. In a study that 

described the pathogenesis of TBM-IRIS, the use of corticosteroids failed to prevent very 

frequent (close to 50% incidence) IRIS in HIV-1 infected patients with TBM [23].

2.3 Pericardial tuberculosis

Tuberculous pericarditis presents with a broad spectrum of clinicopathological phenotypes. 

At one extreme, the bacillary load within the pericardium is relatively high, pericardial fluid 

Mycobacterium tuberculosis cultures become rapidly positive, PCR-based diagnostic 

techniques are frequently positive and the pericardial involvement often occurs as part of 

disseminated disease with multi-organ involvement [24,25]. Such multibacillary pericardial 

tuberculosis has been ascribed to impaired host immunity such as that encountered in people 

with advanced HIV-1 co-infection with CD4 counts well below 200/mm3. The morbidity 

and mortality in the multibacillary form may be directly related to the bacillary replication, 

in conjunction with immune mediated injury [24]. At the other clinicopathological extreme 

is a paucibacillary condition, in which pericardial fluid cultures are frequently negative 

despite long incubation, PCR-based techniques are seldom positive, and the aetiological 

diagnosis of tuberculous pericarditis is assumed, based on positive biomarkers and the 

absence of alternative diagnoses [26,27].

The paucibacillary form of the disease can manifest as:

i. accumulation and re-accumulation of exudative inflammatory fluid despite 

pericardiocentesis;

ii. compromised cardiac function with cardiac tamponade; and

iii. chronic pericardial damage presenting as constrictive pericarditis and death [28].

All of these complications are presumed to be due to the detrimental effects of an 

inflammatory response to tuberculous antigens within the confined potential pericardial 

space.

The mainstay of therapy in both forms of disease is antitubercular therapy together with 

antiretroviral therapy in those HIV-1 co-infected [29]. Where immune mediated injury is 

dominant, host-directed therapies aimed at attenuating the destructive inflammatory effects, 

such as glucocorticoids, have long been advocated, although strong evidence of benefit was 

lacking [30]. There have been four RCTs involving approximately 660 HIV-1 uninfected 
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participants in total that tested whether corticosteroids added to antitubercular therapy 

reduce the mortality associated with tuberculous pericarditis [31–34]. All participants were 

either HIV seronegative or, in the studies conducted prior to the HIV pandemic, presumed 

uninfected. The pooled data from these studies suggests that adjunctive corticosteroids given 

either via direct intra-pericardial injection or taken orally, may reduce all-cause mortality by 

approximately 20%, risk ratio (RR) 0.80, 95% CI 0.59–1.09, with a significant reduction in 

pericarditis related death RR 0.39 95% CI 0.19–0.80 [35]. The cumulative data from the 

three trials that have evaluated the impact of steroids on mortality in HIV-1 co-infected 

participants (80% of whom were not on antiretroviral therapy) did not demonstrate any 

benefit [35].

The impact of corticosteroids on morbidity due to tuberculous pericarditis has been more 

difficult to evaluate from the available evidence, for two main reasons. First, there have been 

varying methods of, and time to, outcome assessments in the different studies. Second, there 

have also been differing rates of evacuation of pericardial fluid prior to the administration of 

steroids. However, in the largest (1400 patient) randomized placebo-controlled study to date, 

despite the lower than expected overall incidence of constrictive pericarditis (possibly 

attributable to the high proportion of HIV-1 co-infected participants), the rate of pericardial 

constriction was reduced by 44% (4.56/100 pt. years vs. 2.58/100 pt. years) in patients 

administered prednisolone. The authors cautioned in their study, that the rate of AIDS 

related malignancies amongst participants with advanced HIV-1 not prescribed combination 

ART was slightly but significantly increased compared to controls [34].

2.4 Other forms of tuberculosis

Other common sites of extrapulmonary tuberculosis include lymph nodes and pleura. The 

use of adjunctive corticosteroids in the management of these clinical syndromes is not 

routine. The available evidence around corticosteroid use in tuberculous lymphadenitis, 

pleurisy and peritonitis is presented below. Of note is that most of the available literature for 

these clinical syndromes is observational in nature, often conducted before contemporary 

antitubercular chemotherapy became standard. Studies are often limited by small sample 

size and by the use a variety of corticosteroid regimens making inter-study comparison 

difficult. The strength of evidence is therefore not great.

Controlled trials of corticosteroid use in tuberculous lymphadenitis exist, but these have 

been conducted in children with a focus on mediastinal lymphadenopathy, seen at 

bronchoscopy or on chest X-ray [36,37]. Nemir et al. studied 117 children in a placebo-

controlled, blinded and randomized study published in 1965 [37]. Serial bronchoscopies 

were performed by the same investigator and judgements were made (while blinded to 

treatment group) regarding progression of disease as an ordinal categorical variable. 

Improvement was reported in 67.2% of the prednisone group and in 45.7% of the placebo 

group (p<0.05). Of note is that stratification of the results, while insufficiently powered, 

suggested that earlier initiation of corticosteroids led to a greater beneficial effect. A 

randomized placebo controlled trial in 120 Indian adults on standard TB treatment showed 

improved symptom relief (p<0.001), less frequent localized complications (abscess or sinus 

formation or new node formation) (p<0.001) and more complete resolution of cervical 
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lymphadenopathy at six months of follow up (p<0.001) in patients receiving 4 weeks of 

prednisolone in addition to TB treatment compared to patients on placebo [11,38].

In the post-rifampicin era, the first prospective, placebo-controlled study of adjuvant oral 

corticosteroids in tuberculous pleurisy showed that in participants prescribed corticosteroids, 

symptom relief was seen at a mean of 2.4 days compared to 9.2 days in the placebo group 

(p<0.05) [39]. In addition, complete resolution of pleural effusion on chest X-ray was seen 

in the corticosteroid group at 54.5 days, compared to 123.2 days in the placebo group 

(p<0.01). However, it is noteworthy that thoracocentesis in this study was only performed 

for diagnostic purposes and therefore limited to less than 50 ml. A subsequent trial, 

published in 1996 adopted a similar protocol but all participants, irrespective of study group, 

received therapeutic thoracocentesis [40]. The authors noted that once complete aspiration of 

effusion was achieved, participants in both groups experienced a marked immediate 

improvement in clinical symptoms. There was no difference in improvement of clinical 

symptoms, residual pleural thickness, or improvement in pulmonary function between the 

groups. Overall the evidence, of moderate quality, therefore suggests that when early 

complete drainage of pleural fluid is performed alongside effective antitubercular 

chemotherapy, oral corticosteroids do not provide additional benefit in adults with pleural 

tuberculosis.

A subsequent study from 2004 investigated whether similar findings applied in HIV-1 co-

infected adults with pleural TB [41]. The authors did not specify what percentage of their 

participants were prescribed ART or whether therapeutic thoracocentesis was performed. 

Results favoured corticosteroids, showing a faster resolution of symptoms in this group, 

although there was no effect on mortality. However the authors observed a higher incidence 

of Kaposi’s Sarcoma in the follow up of those prescribed corticosteroids. A systematic 

review and meta-analysis published in 2013 that assessed mortality in all forms of 

tuberculosis, found there was no evidence for a beneficial effect on survival (RR 0.92, 95% 

CI 0.65–1.32) when adjuvant corticosteroids were prescribed for pleural tuberculosis [3].

No studies have adequately estimated the effect of corticosteroids on mortality from 

peritoneal tuberculosis. A controlled trial of 47 participants with peritoneal TB was 

conducted in the 1960s with prednisone given to alternate patients over a four-month period 

[42]. Three of the 24 controls developed intestinal obstruction due to adhesive bands, while 

this did not occur in any of those in the steroid group (p=0.234). A further study of 

peritoneal tuberculosis was reported in 1998, but again the evidence provided is limited by 

retrospective design, small sample size, and inclusion of participants with serious 

comorbidities in the control group [43]. The results, however, suggested a trend towards a 

reduction in pain, obstruction and need for laparotomy in those prescribed adjunctive 

corticosteroids.

2.5 Role in paradoxical deterioration in tuberculosis and HIV-tuberculosis

Paradoxical deterioration in tuberculosis is characterized by worsening of pre-existing 

tuberculous lesions, or the appearance of new tuberculous lesions despite effective anti-

tuberculosis treatment in patients who had demonstrated initial improvement during therapy 

[44]. In HIV-1 infection, where paradoxical worsening occurs following the introduction of 
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ART the phenomenon is known as TB-IRIS. Two types of IRIS are recognized: paradoxical 

and unmasking. Paradoxical TB-IRIS manifests with new or recurrent tuberculosis 

symptoms or signs in patients being treated for tuberculosis during early ART, and 

unmasking TB-IRIS is characterized by an exaggerated, unusually inflammatory initial 

presentation of tuberculosis during early ART [45]. Common clinical features include fever, 

lymphadenitis and pulmonary manifestations [46]. A systematic review in HIV-1 co-infected 

patients with known tuberculosis reported a pooled incidence of paradoxical-IRIS of 18% 

(95%, CI 16–21%) [47]. In HIV-1 uninfected people paradoxical worsening is thought to be 

less common, with some studies reporting an incidence as low as 2.6% [48]. Although rarely 

fatal, even in the context of HIV where mortality of TB-IRIS is estimated to be 2% (95% CI 

1–3%), TB-IRIS leads to significant morbidity with 25% of cases requiring prolonged 

hospitalization [47,49].

In HIV-1 uninfected patients research into the use of corticosteroids has focused on their use 

to modulate the host inflammatory response described in tuberculosis pathogenesis. Their 

use as treatment in the context of a paradoxical reaction per se is less well defined. Good 

evidence for the use of corticosteroids in paradoxical reactions is therefore solely in the 

context of TB-IRIS. These recommendations are based on results of a randomized double-

blind placebo-controlled trial conducted in South Africa [22]. In this study, 110 patients with 

HIV-tuberculosis and symptoms consistent with standardized case definitions for 

paradoxical-IRIS were enrolled. Patients randomized to the treatment arm received a total of 

4 weeks of prednisone (1.5mg/kg/day for 2 weeks followed by 0.75mg/kg/day for 2 weeks). 

Results demonstrated a significant reduction in hospital stay compared to placebo (median 

hospital days 0 (IQR 0–3) and 3 (IQR 0–9) respectively p=0.04). There was also more rapid 

improvement in i) symptoms in the treatment arm at 2 weeks (p=0.001) and 4 weeks 

(p=0.03), as well as ii) chest radiograph appearances at 2 weeks (p=0.002) and 4 weeks 

(p=0.02). To further investigate inflammatory markers in TB-IRIS blood specimens were 

drawn at 0, 2 and 4 weeks. Results demonstrated a significant decrease in serum 

concentration of C-reactive protein, interleukin (IL-) 6, IL-10, IL-12p40, tumour necrosis 

factor-α, interferon-γ, and interferon γ-inducible protein 10 (CXCL-10) in participants on 

prednisone suggesting that the beneficial effect of corticosteroids in TB-IRIS was mediated 

at least in part through the attenuation of pro-inflammatory cytokine responses [50]. A 

previous study had demonstrated these same cytokines are differentially elevated in the 

plasma of HIV-associated tuberculosis patients who develop TB-IRIS compared to control 

subjects who start ART and do not develop the condition [51].

In TBM, IRIS is more frequent and more often fatal. One study reported an incidence of 

47% and a mortality rate of 25% with severe disability at 9 months observed in 23% of those 

who survived [52]. In an observational study, patients who developed TBM-IRIS 

demonstrated an increase in markers of cerebrospinal fluid inflammation despite 

corticosteroids. Even when corticosteroids were increased in dose, or restarted in the context 

of TBM-IRIS, there was relatively little change in inflammatory mediators [53]. Similarly 

poor modulation of the cytokine response in TBM has been observed previously [54], and 

this raises the question whether corticosteroids are sufficiently potent as a treatment for 

paradoxical TBM-IRIS.
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Trials investigating the timing of ART in HIV-1 associated tuberculosis recommend early 

ART initiation to improve survival, especially in patients with low CD4 counts, which in 

turn causes an increased incidence of paradoxical TB-IRIS [55–57]. One randomized 

placebo-controlled trial has tested prednisone co-administration at ART initiation in patients 

at high risk of TB-IRIS (CD4 count <100 cells/μL and on tuberculosis treatment for less 

than one month). This showed a decreased risk of developing paradoxical TB-IRIS in the 

prednisone versus placebo arm, with a relative risk of 0.70 (95% CI 0.51–0.96) [Meintjes et 

al, NEJM accepted]. There was no increased risk of infections or other adverse events in 

patients receiving prednisone prophylaxis.

3. Adverse effects of corticosteroids in tuberculosis

3.1 Adverse events and side-effects

Corticosteroid related adverse events in people with tuberculosis although well-recognised 

are inconsistently reported across studies. One study that captured this in detail used high 

doses of corticosteroids (2.75mg/kg per day for 4 weeks and then tapered over 4 weeks) 

[41]. There were similar numbers of adverse events between the steroid arm and those not 

receiving steroids, but significantly increased steroid related side-effects; (i) hyperglycaemia 

in 10% vs 3%, p=0.036, (ii) fluid retention in 30% vs 4%, p<0.001 and (iii) hypertension in 

13% vs 4%, p=0.039. Interestingly there were two cases of Kaposi’s sarcoma in the group 

who did not receive steroids and none in the steroid group. There were no differences 

between groups in occurrence of candidiasis, Herpes simplex, Herpes zoster, pneumonia or 

urinary tract infections. A higher proportion of patients on steroids developed hepatitis, 

although this was not statistically significant with 13% vs 6%, p = 0.09 [10]. Another study 

similarly showed no overall difference in occurrence of adverse events between groups, but 

significantly increased steroid related side-effects with (i) gastro-intestinal disturbances (6% 

vs 0.3%, p < 0.001), (ii) swelling of feet or face (18% vs 0.9%, p < 0.001) and 

hyperglycaemia (0.6% vs 0%, p value not reported). The risk of HIV-1 associated 

malignancy associated with adjunctive corticosteroid therapy in persons not prescribed 

antiretroviral therapy has already been highlighted [34,41].

3.2 Corticosteroid interaction with antitubercular drugs

Concerning corticosteroid effects on antitubercular drug levels, isoniazid concentrations are 

reduced by prednisolone therapy by two mechanisms: a) enhanced rate of acetylation and b) 

increased renal clearance. However, rifampicin increases steroid metabolism and decreases 

its half-life by induction of liver enzymes [58,59]. Isoniazid concentrations are therefore 

maintained if rifampicin is co-administered with prednisolone in rapid acetylators, but not in 

slow acetylators (rate of acetylation is genetically determined, with people classified as 

either rapid or slow acetylators) [60]. Prednisone increases pyrazinamide concentration in 

pleural fluid (in the absence of rifampicin), but does not affect serum pyrazinamide 

concentrations [61]. Importantly, rifampicin decreases corticosteroid concentrations 

dramatically (~50%) by induction of the CYP3A4 enzyme complex which metabolizes 

corticosteroids and results in increased plasma clearance [62].
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4. Mechanism of corticosteroid action in tuberculosis

Although there is a significant body of research on the molecular and cellular actions of 

corticosteroids, less is known about their mechanisms in disease-specific contexts. The 

general mode of action of endogenous corticosteroids has been studied extensively and there 

are three basic mechanisms that inhibit inflammatory signals:

i. regulation of gene expression via interaction with glucocorticoid-responsive 

element (GRE).

ii. direct protein-protein interference with transcription factors such as NF-κB.

iii. cellular signal transduction cascades with secondary messengers.

Transcriptional regulation of inflammation begins with corticosteroid binding to 

glucocorticoid receptor (GR), leading to conformational changes and the release of heat-

shock protein 90 complex from the GR [63]. This allows the steroid-GR complex to 

translocate to the nucleus where it binds the GRE [64] and subsequently co-activators and 

co-repressors are recruited. All co-activator molecules have intrinsic histone 

acetyltransferase activities and may modify chromatin structures to initiate transcription of 

anti-inflammatory genes such as annexin-1, IL-10 and IκB-α (inhibitor of NF-κB) [65]. An 

absence of co-activators was found to result in excessive local and systemic inflammatory 

responses and delayed bacterial clearance in mice [66]. Conversely, the mechanisms by 

which co-repressors silence gene expression are less well understood. It has been reported 

that the steroid-GR complex could interact with negative GRE to suppress transcription of 

genes associated with hypothalamic-pituitary-adrenal axis function and inflammation [67], 

the former of which is also linked to the undesirable side effects of corticosteroids. It has 

also been proposed that transcription repression occurs by phosphorylating RNA polymerase 

II [68] and by competing with transcriptional factors (NF-κB and AP-1) for binding to co-

activators [69]. Nevertheless, conflicting data have been reported and further investigations 

are needed to clarify the mechanisms and specific conditions in which repression occurs and 

if it might be more, or less, preferable as a mechanism to target in corticosteroid therapy 

than activation.

The corticosteroid-GR complex can also directly interact with NF-κB, AP-1 or other 

immunomodulatory transcription factors by functioning as an antagonist to physically 

interfere with their activities [70,71], thereby inhibiting the transcription of a wide array of 

inflammatory mediators including cytokines, chemokines, adhesion molecules and 

eicosanoids [72]. This repression typically occurs at lower steroid concentrations than that 

required for GRE-dependent transcription activation [73]. The binding of GR to the 

transcription factor alone is insufficient to mediate the repression and requires co-activator 

molecules such as CBP (CREB-binding protein) for maximal activity and to enhance a 

mutual transcriptional antagonism [74–76].

Finally, corticosteroids can also exert a rapid cellular effect independent of genomic 

regulation, which is typically delayed [77]. This has been observed across different tissue 

compartments, including the rapid suppression of insulin release in the pancreas [77], 

induction of endothelial nitric oxide in the heart [78], and suppression of histone deacetylase 
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complex to facilitate differentiation of pre-adipocytes into adipocytes [79]. The acute effect 

is suggested to be initiated by either passive diffusion or receptor-mediated endocytosis of 

the corticosteroids through the plasma membrane [80,81]. Following intracellular binding to 

G protein-coupled receptors, various cellular signal transduction pathways and second 

messenger signaling pathways became activated [82]. The mechanisms through which these 

signaling pathways induce an anti-inflammatory response are not known and it is also not 

clear how these pathways are regulated.

Corticosteroids have a profound effect on immune cells as the GR is expressed ubiquitously. 

In dendritic cells, corticosteroids suppress their maturation with reduced expression of 

antigen-presenting molecules and direct a subset of cells to differentiate into monocyte/

macrophage-like phenotype [83]. Corticosteroids can also reprogram dendritic cells to be 

tolerogenic, where they become hypo-responsive to T cells and induce CD4+/CD8+ Treg 

[84]. Similarly, corticosteroids promote monocyte differentiation into macrophage with anti-

inflammatory phenotype via inhibition of caspase activities [85] and increased phagocytosis 

of apoptotic cells [86]. Corticosteroids have also been implicated to regulate T cell 

differentiation and function by skewing towards a Th2 phenotype while suppressing Th1-

mediated immunity through induction of IL-10 secreting Treg [87,88].

Intriguingly, recent studies in zebrafish as well as two Vietnamese clinical studies have 

identified that a single nucleotide polymorphism in the LTA4H (Leukotriene A4 Hydrolase) 

gene associates with the treatment response to dexamethasone in TBM patients [12,89]. 

Given that leukotrienes and other members of the eicosanoid family are implicated in the 

inflammatory pathogenesis of tuberculosis, it is possible that this polymorphism might have 

an effect on the GRE of the LTA4H gene, so as to allow better recognition and binding by 

dexamethasone to suppress LTA4H transcription.

5. Expert commentary

In pulmonary tuberculosis, although there is some evidence for improvement in selected 

clinical parameters with corticosteroid therapy (reduction in fever, increased weight, 

shortened duration of hospitalization), these results are all based on findings of a single 

study in which randomization procedures are not adequately reported to fully assess risk of 

bias [9]. It could be concluded there is no high-quality evidence showing decreased 

mortality or sustained improved microbiological or clinical outcomes when comparing 

adjunctive corticosteroid treatment to placebo in pulmonary tuberculosis.

In TBM there is good evidence for the use of corticosteroids as an adjunct to antitubercular 

therapy in HIV-1 uninfected people. Since no studies have compared the dose and 

preparation of corticosteroids, treatment regimens should be based upon those found to be 

effective in published clinical trials. In the largest study of TBM described in this review 

[18], patients with mild disease received intravenous dexamethasone 0.3mg/kg/day × 1 

week, 0.2mg/kg/day × 1 week and then four weeks of oral tapering therapy. In those with 

more severe disease intravenous therapy was continued for four weeks (starting dose 

0.4mg/kg/day reducing by 0.1mg/kg each week) followed by four weeks of oral tapering 

therapy. Equivalent doses should be in the form of preparations available locally to reflect 
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this recommendation (Table 2). An ongoing study more rigorously tests whether there is 

substantial benefit in HIV-1 co-infected tuberculosis patients.

On the basis of the available data based on randomized controlled trials, it is reasonable to 

treat HIV-1 uninfected patients with a diagnosis of pericardial TB with a high dose of oral 

corticosteroids tapering over eight weeks with an anticipated modest benefit on mortality 

[35], constrictive pericarditis [90] and recurrent accumulation of pericardial fluid [35]. 

Although the evidence is less certain, patients who are HIV infected who are prescribed 

antiretroviral therapy (ART) may derive similar benefit. On the other hand, there is little 

evidence of benefit amongst HIV infected patients with tuberculous pericarditis not 

receiving ART and indeed data suggesting harm.

Alongside effective antitubercular chemotherapy, oral corticosteroids do not provide 

additional benefit in adults with pleural TB. We could not find randomized studies of 

corticosteroid use in tuberculous lymphadenitis of adults. Drainage of fluctuant lymph nodes 

appears beneficial in paradoxical deterioration involving the lymph nodes [44].

ART timing trials in HIV-associated tuberculosis indicate early introduction of ART 

improves survival in several forms of tuberculosis, especially in patients with a low CD4 T-

cell count. Guidelines recommend initiation of ART as early as possible, but within two 

weeks after initiating TB treatment in patients with CD4 counts <50 cells/μl[91,92]. Having 

a low CD4 count and early initiation of ART are both risk factors for development of 

paradoxical TB-IRIS it is therefore feasible that TB-IRIS may be observed more frequently 

in the future. Evidence for the use of corticosteroids exists in the context of paradoxical TB-

IRIS where prednisone prescribed for 4 weeks following onset of symptoms reduces hospital 

admission and improves symptom severity. A recent clinical trial evaluating the role of 

prednisone in the prevention of paradoxical TB-IRIS has demonstrated a reduction in 

frequency of TB-IRIS when commencing ART.

5.1 Current recommendations for use of adjunctive steroids in TB treatment

In the 2017 update on treatment of drug susceptible tuberculosis the WHO examined the 

role of steroids in TB pericarditis and tuberculous meningitis. They issued a conditional 

recommendation (very low certainty of evidence) for the use of steroids in pericardial 

tuberculosis and a strong recommendation (moderate certainty in the evidence) for the use of 

steroids in tuberculous meningitis. The optimal formulation, dose and duration of treatment 

still needs to be determined. European [93] and South African Western Cape Provincial 

guidelines [94] recommend the use of steroids to prevent and treat patients with TB-IRIS. 

This is a complex clinical condition and drug resistant TB, hepatitis B co-infection and 

Kaposi’s sarcoma need to be excluded prior to steroid therapy.

6. Five-year view

The review highlights that clinical trials have tended to have small sample sizes, 

heterogeneous endpoints, have been subject to bias and varying antitubercular, and other 

supportive treatment, regimes. Future trials of steroids and indeed other anti-inflammatory 

host-directed therapies might best conform to minimal guidelines on desirable data to 
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collect. Trials are also an opportunity to create biobanks of materials in which to investigate 

potential beneficial effects and mechanisms of action in reverse translational approaches. A 

number of small studies of host directed therapies other than corticosteroids are underway. A 

future issue, given the documented efficacy of corticosteroids for some indications, will be 

comparing or adding those agents to corticosteroids where rationale exists.

The treatment of paradoxical reactions in patients without HIV-1 co-infection remains under 

researched in the field of tuberculosis. Research in this field would improve understanding 

of the host inflammatory response not only in the context of paradoxical reactions, but also 

in the non-paradoxical immune response in tuberculosis. Using new techniques to better 

describe mechanisms at the transcriptomic and cellular level will lead to better ability to 

control the host inflammatory response and in turn better outcomes in tuberculosis. 

Understanding risk factors for the development of paradoxical reactions, including genetic 

influences, may allow the development and implementation of individualized therapies in 

tuberculosis.

Research to optimise treatment of TBM should focus on effective antimicrobial therapy and 

its central nervous system penetration as well as host-directed immune interventions to 

either enhance protective immunity or regulate pathological tissue-damaging immunity [2]. 

A larger study is currently underway to address the question of efficacy of corticosteroids in 

HIV-associated TBM (ClinicalTrials.gov Identifier: NCT03092817). Questions regarding the 

effect of corticosteroids on long-term survival remain unanswered. Corticosteroids also 

appear at best only partially able to offset inflammation in neurological TBM-IRIS and the 

severity of this condition warrants other host-directed approaches. Pre-treatment biomarkers 

that predict response to host-directed therapies including corticosteroids in TBM would be 

of great benefit. An observational study documenting a transcriptional signature pre-

development of IRIS suggests that genetic variation may predict host immune response [23]. 

Recent work has also explored the role of the LTA4H genotype whose variation has been 

linked to distinct phenotypes in pre-treatment CSF markers, survival as well as 

dexamethasone responsiveness [89,95]. A Leukotriene A4 Hydrolase Stratified Trial of 

Adjunctive Corticosteroids for HIV-uninfected Adults with Tuberculous Meningitis 

(ClinicalTrials.gov Identifier: NCT03100786) is underway, and better understanding of the 

pathological processes that influence the host inflammatory response in TBM will further 

the development of individualized host-directed therapies including effective use of 

corticosteroids leading to better outcomes in TBM.

Many questions remain to be addressed on the basic mechanisms of action of corticosteroids 

and how they confer protective effects as an adjunctive therapy in tuberculosis. For instance, 

do different corticosteroids provide the same effect and do they all share the same 

mechanism of action? A range of different corticosteroids (predominantly dexamethasone 

and prednisone or its active metabolic form prednisolone) have been used in tuberculosis. 

While all corticosteroids are similar in molecular structures, they differ in binding affinity to 

GR and half-life of functional activities [96]. It is not known if these differences also affect 

their mode of action and if they inherently target different pro- or anti-inflammatory 

mediators. Detailed investigation of these mechanisms could provide the basis of 
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understanding on how corticosteroids exert their protective effects in TB and facilitate future 

regimen design and selection.
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Key issues

• Corticosteroids are by far the most widely used adjunctive therapy in TB, 

although have received little notice in recent literature reviving the idea of 

adjunctive immunotherapies for tuberculosis in the form of host-directed 

therapy.

• Clinical trials have tended to have small sample sizes, heterogenous 

endpoints, have been subject to bias and varying antitubercular, and other 

supportive treatment, regimes.

• There is no clear distinction between corticosteroid use at the start of TB 

therapy or as an intervention should deterioration occur

• The assumed equivalence of corticosteroid preparations has not been 

investigated and dosage and length of treatment not standardised

• The specific mechanism by which steroids may be effective in tuberculosis is 

poorly understood. There is some evidence that their effects may be host 

genotype specific, raising the possibility that therapy could be personalised.

• There is evidence that adjunctive corticosteroids reduce mortality in HIV-1 

uninfected patients with pericardial or meningeal tuberculosis.

• In HIV-1 co-infected patients corticosteroids relieve symptoms and reduce 

risk of TB-IRIS. However, benefit in other disease forms in HIV-1 co-infected 

patients is lacking and they should not be prescribed to those not receiving 

antiretroviral therapy

• Further Clinical Trials and Experimental Medicine studies have the potential 

to define and refine clinical approaches and are also an opportunity to learn 

via reverse translational approaches.
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Figure 1. 
The concept of host-directed therapies against tuberculosis
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Table 1:

New and relapse Pulmonary Extra-pulmonary Percentage HIV-1-co-infected Percentage

Africa 1,273,560 1,065,327 208,233 16% 358,237 28%

The Americas 221,008 186,940 34,068 15% 20,528 9%

Eastern Mediterranean 514,449 390,367 124,082 24% 1,367 0%

Europe 219,867 187,898 31,969 15% 24,871 11%

South-East Asia 2,707,879 2,291,793 416,086 15% 60,245 2%

Western Pacific 1,372,371 1,268,798 103,573 8% 11,526 1%

GLOBAL 6,309,134 5,391,123 918,011 15% 476,774 8%

Notifications of new and relapse tuberculosis cases (for which treatment history is unknown) for WHO regions in 2016 [1]
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Table 2:

Equipotency and half-life of steroids commonly prescribed:

Equivalent glucocorticoid dose in mg Anti-inflammatory potency compared to 
hydrocortisone

Duration of action in hours

Hydrocortisone 20 1 8–12

Prednisone 5 4 12–36

Prednisolone 5 4 12–36

Dexamethasone 0.75 30 36–54

Betamethasone 0.6 30 36–54

Adapted from Adrenal Cortical Steroids. In Drug Facts and Comparisons. 5th ed. St. Louis, Facts and Comparisons, Inc.:122–128, 1997
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