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Summary 
Paradoxical tuberculosis immune reconstitution inflammatory syndrome (TB-IRIS) was first describedalmost two decades ago. Since then it has been studied in observational cohort studies and clinical trials in many settings across the world. We undertook this systematic review and meta-analysis to collate the findings across studies that have reported the incidence, clinical features, management and outcomes of paradoxical TB-IRISS, and to generate pooled estimates that summarise its clinical epidemiology. FortyThe systematic review included40studies that cumulatively reported 1048 paradoxical TB-IRIS cases were included. The pooled estimatedincidence among patients with HIV-associated TB initiating antiretroviral therapy was 18% (95% confidence interval (CI)=16-21%).FThe mostfrequent features were pulmonary and lymph node involvement. Hospitalisation occurredwas required in 25% (95% CI=19-30%) of cases. In studies that reported treatment, corticosteroids were prescribed more frequently(38%) (95% CI 27-48%) thanNSAIDsnon-steroidal anti-inflammatory drugs (28%) (95% CI=2-53%). Case fatality was 7% (95% CI=4-11%), but death attributed to TB-IRIS occurred in 2% of paradoxical TB-IRIScases (95%CI=1-3%).


Introduction
In 2012, it was estimated that 1.1 million of the8.6 million people (13%) who developed active tuberculosis (TB)worldwide were HIV infected[1]. Africa was disproportionately affected with 75% of HIV-associated TB cases estimated to occur in this region and 30% in one country (South Africa) [1].The diagnosis of active TB in an HIV-infected person is an indication for antiretroviral therapy (ART) [2]. There are initiatives driven by the World Health Organisation (WHO) and other international bodies, to increase ART provision to HIV-infected patients being treated for TB in resource limited settings[2,3]. Globally, the coverage of ART among TB patients who were known to be HIVinfected reached 57% in2012, and this hadincreased from 49% in 2011[1]. There are several potential complications when ART is initiated in patients on treatment for active TB that  include high pill burden potentially negatively impacting adherence, pharmacokinetic drug-drug interactions, overlappingdrug side effectsthat can result in treatment interruptions and be challenging to manage,and the tuberculosis immune reconstitution inflammatory syndrome (TB-IRIS).
IRIS manifests during immune recovery with local or systemic inflammatory features targeted at the antigens of pathogens that established an infection during the preceding immunosuppressedstate. IRIS is best described in HIV-infected patients after starting ART, but IRIS is also described in HIV uninfected patients experiencing immune recovery from other immunosuppressed states [4]. The clinical features are thought to result from an exaggerated immune response in the context of rapidly recovering immunity and presence of abundant infective antigen, and both adaptive and innate components of the immune system have been implicated in pathogenesis [5].  IRIS typically occurs within the first 3 months of ART initiation, and may present as the unmasking of a previously subclinical infection with prominent inflammatory features(termed “unmasking” IRIS) or the paradoxical worsening of a recognised pre-existing opportunistic infection for which the patient is on appropriate treatment(termed “paradoxical” IRIS) [6,7]. 
The earliest cases of IRIS reportedin 1992 were among HIV-infected patients were in 1992 with Mycobacterium avium complexintracellulare (MACI) infection after they received zidovudine monotherapy [8]. Development of localised inflammatory MAI features and fevers soon after starting zidovudine therapy was attributed to restoration of cellular immunity to mycobacterial antigens. This was associated with a restoration of a delayed type hypersensitivity reaction in certain patients. Since that time IRIS has been described in association with a wide range of opportunistic infections, autoimmune diseases and malignancies including mycobacteria, herpes viruses, fungi, and Kaposi’ssarcoma [6,9].
TB-IRIS has become the most common form of IRIS described as ART access has expanded in regions of the world where HIV and TB co-infection is common. Both unmasking and paradoxical forms of TB-IRIS are described and clinical case definitions for these two forms have been published[10]. Paradoxical reactions with inflammatory features during TB treatment are alsowell recognised in HIV negative patients [11]. Paradoxical reactions, recognised as paradoxical TB-IRIS, are however more common after ART initiation in HIV-infected patients [12] and TB-IRIS tends to be characterised by greater multi-system involvement and systemic inflammatory features. 
The first cohort study describing paradoxical TB-IRIS was a prospective observational study conducted in the US, published in 1998 [13]. Most of the initial studies reporting TB-IRIS were published from Europe and North America, but in recent years studies from Africa, India and South East Asia have predominated. In Africa the first published cohort study covered the period between 2002 and 2005 and was published in 2007 [14]. More recently several randomised controlled trials (RCTs)have reported the incidence of paradoxical TB-IRIS as a secondary endpoint, the earliest published in 2012[15]. 
It can be anticipated that paradoxical TB-IRIS will remain an importantmedical condition globally. Firstly, of the 35 million people currently estimated to be HIV-infected worldwide only around 13 million are on ART, and ART programmes aim to provide ART to as many of the other HIV-infected people aspossiblein the years to come[16].
Secondly, active TB is the most frequent co-infection present at ART initiation in many resource limited settings [17]. Thirdly, many patients starting ART in resource limited settings still do so with advanced immunosuppression and a low CD4 count, an important risk factor for TB-IRIS [15].Despite the WHO recommendation to start ART at a higher CD4 count of 350 cells/ul in 2010 and CD4 count of 500 cells/ul in 2013 [2],many patients still do present late with a low CD4 count that predisposes to TB-IRIS [18].
Also, recent clinical trials’ evidence suggests that amongART-naïve patients with HIV-associated TB and the lowest CD4 counts (< 50 cells/ul), there is survival benefit derived from starting ART at around 2 weeks on TB treatment  compared to deferring to around 8 weeks [15,19-21]. In the STRIDE trial death or AIDS progressionfor these patients was reduced by 42% in those who started ART at 2 weeks after starting TB treatment compared to those who started at 8-12 weeks after start of TB treatment [21].The SAPiT trial showed similar findings [15]. In the CAMELIA trial starting 2 weeks after TB treatment initiation improved survival compared to starting later at 8 weeks:the mortality rate was 8.28 per 100 person-years in the 2 weeks arm compared with 13.77 per 100 person-year in the deferred arm(p=0.004) [20]. However, commencing ART early (~2 weeks) in these patients with the lowest CD4 counts is associated with a much heightened risk of TB-IRIS [15]. It is imperative that ART programmes implement early ART for such patients to reduce mortality, however this will result in a higher risk of TB-IRIS.
The last systematic review published on IRIS covered all forms of IRIS, including patients with TB-IRIS [22]. Studies included covered the period from 1990 to2007. Since that review there have been many relevant studies published on TB-IRIS that include clinical trials done in amore rigorous fashion. Given the additional data, we undertook this systematic review and meta-analysis to collate the findings across all studies published to date that have reported the incidence, clinical features, management and outcomes of paradoxical TB-IRIS, and to generate updated pooled estimates that summarise the clinical epidemiology. The specific focus of the review is paradoxical TB-IRIS occurring in patients with HIV infection after initiating ART.
Methods
We undertook a systematic review with no limitation of region or language. The primary aim was to document the incidence of paradoxical TB-IRIS across studies. Secondary aims were to characterise the clinical manifestations and risk factors for paradoxical TB-IRIS. We also described the management strategies and outcomes of paradoxical TB-IRIS in terms of therapeutic procedures, anti-inflammatory medication prescribed, hospitalization and mortality.
Types of studies and participants
Observational cohort studies (both prospective and retrospective) and randomised controlled trials (RCTs) in whichthe incidence of paradoxical TB-IRIS was reported as an endpoint were included in this review. Inclusion criteria for studies required that these studies had: 1) adult patients (>13 years); 2) who were HIV-infected with active tuberculosis; and 3) who were on TB treatment and then commenced ART.Case series, case reports and studies that reported less than 5 cases of paradoxical TB-IRIS were excluded. We also excluded studies that focussed on the immunological characterisation of TB-IRIS unless they also reportedthe clinical characteristics of the cohort. If more than one manuscript was published from a single study then the major clinical paper arising from that study that focussed on paradoxical TB-IRIS was included in the systematic review, but not the others.
Search methods for identifying studies
Relevant studies were searched for and identified from electronic databases including Cochrane, PubMed, Scopusand hand searching through reference lists of relevant articles with no language and time limitation. 
Search Terms
The following key words were used; ‘antiretroviral immune reconstitution syndrome’ OR ‘immune reconstitution syndrome’ OR ‘immune reconstitution disease’ OR ‘immune paradoxical reaction’ OR ‘immune reconstitution inflammatory syndrome’ OR ‘immune reconstitution inflammatory disease’ OR ‘immune restoration disease’ OR ‘immune restoration disorder’ OR ‘paradoxical worsening’ OR ‘paradoxical reactions’ AND ‘Mycobacterium tuberculosis’ OR ‘tuberculosis’ OR ‘TB’.

Selection of studies
A screening guide based on the inclusion criteria was made and a data extraction form was designed and piloted by one reviewer (P.N). P.N retrieved all potential records before another reviewer S.F and sheindependently screened titles and abstracts of studies identified. Each of the reviewers then compiled and compared their list of eligible studies. Any discrepancies were resolved by discussion and consensus. Failing this a third reviewer (G.M)arbitrated. Studies were included if they were published before3May 2014.
Data extraction and management
Two independent reviewers (P.N. and S.F.)extracted relevant data using the standardized data collection forms. P.N. and M.K. checked extracted data for correctness. Discrepancies were resolved through discussion or consensus seeking, failing which a third reviewer, G.M. arbitrated. L.A. entered the ﬁnal data into Stata, version 11, and the Cochrane Collaboration statistical software package Review Manager (RevMan 5.1).P.N. and S.F. performed double checks to ensure that there were no errors in the data entered.  
Assessment of risk of bias
We assessed for risk of bias in studiesincluded. However, the included studies often did not report sufficient detail regarding selection and reporting of outcomes to enable meaningful assessment of relevant biases. 
Meta-analysis
We expressed TB-IRIS incidence as a percentage with 95% confidence intervals (in the figures incidence is expressed as a proportion). We conducted a meta-analysis of the incidence across studies as well as by continent and study design.Heterogeneity was assessed using the chi-squared test of homogeneity, and quantified using the I-squared statistic. We used the same meta-analysis methodology to determine proportions of paradoxical TB-IRIS cases who were treated with corticosteroids, non-steroidal anti-inflammatory drugs (NSAID),who interrupted ART or needed therapeutic procedures as well as proportion hospitalized, and mortality. 

Results
Our electronicsearch identified 281 articles; 65 articles were selected after reading titles and abstracts. Six more articles were added from reference lists. Thirty-onearticles were excluded after reading the full text leaving 40 articles that were included in this review (Figure 1).Cumulatively across these 40 studies there were 7789 patients reported who were at risk for paradoxical TB-IRIS (starting ART after a diagnosis of HIV-associated TB) and the cumulative number of TB-IRIS cases reported was 1048.
Study characteristics
Sixteen studies were prospective observational cohort studies including one study from Brazil by Pedral-Sampaio [23]that was a non-randomised trial and thus analysed as a prospective observational study. Another nineteenwere retrospective observational cohort studies and fivestudies were RCTs (see Table1 and Figure 2b). Most of the studies were conducted in Asia (n=14) or Africa (n=14). There were 6 studies from Europe, 3from North America and 2 from South America (see Figure 2a). One of the RCTs was a multinational trial that recruited participants from 26 sites on 4 continents (Africa, Asia and North and South America) [24]. The first published study on paradoxical TB-IRIS was in 1998 from the US by Narita and others [13]. This prospective observational cohort study compared the incidence of paradoxical reactions in HIV-uninfected patients and HIV-infected patients on ART and not on ART. Clinical features and tuberculin skin test conversion in the context of TB-IRIS were also described. Kumarasamy [25]published the first TB-IRIS cohort study froma resource limited setting (India) in 2004.
The 5RCTs were conducted ondifferent continents: 2inAfrica, (SAPiT in South Africa [26]  and CARINEMO in Mozambique [27]), 2inAsia, TIME in Thailand [28] and CAMELIA in Cambodia[20]and STRIDE [21] was conducted across 4 continents as described above. Four of the 5 RCTs (SAPiT, STRIDE, CAMELIA and TIME) investigated different strategies with respect to the timing of ART initiation among TB patients. The primary endpoint in these trials was either death or death and AIDS progression, and paradoxical TB-IRIS was a secondary endpoint. The CARINEMO trial compared the efficacy and safety of efavirenz versus nevirapine-based ART during rifampicin-based TB therapy with ART started 4-6 weeks after TB treatment [27]. Four of the trials have published secondary papers focussed specifically on the TB-IRIS endpoint [15,24,27,29]. 
The diagnosis of paradoxical TB-IRIS was made using the International Network for the Study of HIV-associated IRIS (INSHI) case definitions [10]in 7 studies andthe definition proposed by French [6] in 6 studies. The other studies used TB-IRIS diagnostic criteria which broadly agreed with these definitions.
Incidence of paradoxical TB-IRIS
The pooled incidence of paradoxical TB-IRIS across studies was 18% (95%CI 16-21%)(I2 =91.2%). The lowest incidence was 4% in a study by Karmakarin India [30].A prospective observational cohort study from India reported the highest incidence: 26 out of 48 patients (54%) in the cohort developed TB-IRIS[12]. Most studies (n=25, 62%) reported an incidence between 11 and 30%. Seven (18%) studies reported an incidence between 31 and 50%,8(18%) an incidence below10% with one study with an incidence above 50% (Table 1 and Supplimentary Figure 1). This wide variablity in incidence may be partly explained by variability in clinical setting (inpatient versus outpatient), geographical region and study design (Table 1). 
When incidence was pooled by region, studies from Europe had reported the highest incidence of TB-IRIS at 33% (95% CI = 26-40%) (I2=0%).The incidence of paradoxical TB-IRIS was 19% (95% CI 15-23%) (I2=85.4%)in African studies. The incidence in Asian studies was lower, 15% (95% CI 11-20%) (I2=94.3%).  The region with the lowest pooled estimate was South America with 10% (95%CI = 3-16%) (I2=26.9%) (Figure 2a). 
We also collated incidence by study design and retrospective studies showed a pooled incidence of 16% (95% CI 12-19%) (I2=85.7%). Similarly randomised control trials showed an incidence of 16% (95% CI 9-22%) I2=96.2%). Prospective observational studies reported a higher incidence of 23% (95% CI17-28) (I2=88.8%)(Figure 2b)
Risk factors for paradoxical TB-IRIS
The major risk factors that were reported to increase the riskof paradoxical TB-IRIS across studies were low baseline CD4 count, higher baseline viral load, a shorter duration between starting TB treatment and ART and disseminated or extra pulmonary tuberculosis (Table 2 and Supplementary Table 1). Studies did not analyse the same risk factors or analysed risk factors using different methodologies reducing our ability to summarise the findings using meta-analysis. We therefore make descriptive comparisons.
CD4 count
The CD4 count association was reported differently across studies. A lower median baseline CD4 count was significantly associated with the risk of paradoxical TB-IRISin univariate analysis of 6 studies [14,15,24,31-33]. It remained significantly associated in the multivariate analysis inone of thesestudies [14]. A CD4 count of less than 50 cells/ul was associated with TB-IRIS in univariate analysis of 3 African studies [15,29,32], 2 of which were RCTs and remained siginificant in multivariate analysis of the same RCTs [15,29].Laureillard reported a higher risk with a CD4 count of 26-50 cells/ul compared with > 100cells/ul [29]. An Indian studyreported a CD4 count <120 cells/ul was associated with higher TB-IRIS risk [12].
In contrast, several observational studies that analysed the association between baseline CD4 count and TB-IRIS risk did not show that a low CD4 count was associated with an increased risk of TB-IRIS [34-36]. Kuramasamy in fact showed that a higher baseline CD4 increased the risk of paradoxical TB-IRIS [33]. In this study the median CD4 count in TB-IRIS cases was 88 cells/ul (IQR=55-149) and in controls was 70 cells/ul (IQR=41-122) (p=0.023) (Table 2).
Change in CD4 count during early ART, reflecting rapid immunological recovery, was analysed as a risk factor for TB-IRIS in certain studies.The study by Breton reported the change in CD4 count from baseline to one month on ART was significantly associated with TB-IRIS in univariate and multivariate analyses [37], while other studies reported that the increase at 3 months [33,38] and at 6 months [31,33] was associated with TB-IRIS in univariate analyses.Only one RCT analysed the association between CD4 recovery and the risk of TB-IRIS. In the CAMELIA trial, there was significantly greater CD4 count recovery in TB-IRIS cases at 6 and 12 months [29].
Interval between TB treatment initiation and ART initiation (see Supplementary Table 1)
In several observational studies (n = 9) there was a significant association between earlier ART initiation following TB treatment and TB-IRIS risk in univariate analysis[12,14,24,29,31,35,36,39,40].This association remained significant in multivariateanalysis in 5 studies[12,14,24,29,39]. The interval between TB treatment and ART initiation was analysed as a categorical variable in many studies. An interval< 60 days was a significant risk factorin a retrospective studyfrom Spainreported by Navas[35]. In a retrospective study by Breen, an interval < 6 weeks versus 6 weeks - 6 months was associated with a higher risk of TB-IRIS [40]. Narendran’s prospective cohort study in Indiareported that interval <30 days was associated with TB-IRIS in univariate and multivariate analysis [12]
In multivariate analysis in a retrospective study fromThailand, an interval< 60 days versus > 60 dayswas also found to be a significant risk factor [39]. The risk of paradoxical TB-IRIS was 6-fold higher with earlier ART start in this study (OR = 6.57 (95%CI = 1.61-26.86)) [39]. In a retrospective observational study conducted at a primary care ART clinic in South Africa, an interval ≤ 30 days compared with > 90days was a risk factor for paradoxical TB-IRIS in a multivariate analysis [14].
Other studies analysed this interval between TB treatment and ART initiation as a continuous variable.Shorter time from TB treatment to ART in days was significantly associated with paradoxical TB-IRIS[14,24,29,31,36,39].In several studies, however,the risk of IRIS was not associated with duration of TB treatment at ART initiation [25,33,41].A surprising finding from an observational study conducted in Uganda, in contrast to other studies,was that among patients who started ART during the intensive phase of TB treatment  fewer patients,  2/9 (22%) developed what was termed “worsening of TB” (ie. paradoxical TB-IRIS) compared with 11/36 (31%) who started during the continuation phase [42].
The RCT design represents the most accurate methodology to assess the association between ART timing and TB-IRIS risk given that randomisation eliminates potential biases that may be difficult to adjust for in full, in particular confounding by indication.The 4 RCTs of ART timingstrategies all reported TB-IRIS incidence in the different arms. First, iIn the SAPiT trial the TB-IRIS incidence in the early integrated arm was 19.5/100 person-years, in the late integrated arm 7.5/100 person-years and in the sequential treatment arm 8.1/100 person-years[15].  The early integrated treatment arm started ART within 4 weeks of starting TB treatment, the late integrated arm within 4 weeks of completion of the intensive phase of TB treatment and sequential arm within 4 weeks of completion of TB treatment. For participants with a CD4 count < 50 cells/ul the heightened IRIS risk associated with early ART was amplified with the incidence rates being 45.5, 9.7 and 19.7 per 100 person-years respectively [15]. 
Second, iIn the CAMELIA trial, 35.7% of those in the early ART arm (started ART at 2 weeks of TB treatment) compared with 15.6% in the late ART arm (started at 8 weeks of TB treatment) developed TB-IRIS (adjusted hazards ratio = 2.61, 95%CI = 1.84-3.70) [29]. 
Third, iIn the STRIDE trial 10.4% in the earlier ART arm (started within 2 weeks of TB treatment) developed TB-IRIS compared with 4.7% in the later ART arm (started 8-12 weeks after TB treatment) [24]. In the STRIDE trial the heightened risk of TB-IRIS with early ART was only seen among patients with baseline CD4 count <50 cells/ul (18.8% early versus 4.3% later) and not in patients with CD4 count ≥ 50 cells/ul (5.7% early vs 5.0% later) and there was significant interaction between CD4 and ART timing arm (P=0.014) [24], unlike the SAPiT trial where a heightened risk associated with early ART was also demonstrated in patients with CD4 ≥ 50 cells/ul albeit of lower magnitude [15]. 
Forth, iIn the TIME trial in Thailand, the cumulative TB-IRIS incidence was 32.9% versus 19.4% in the 4 and 12 week arms respectively (RR = 2.03, 95%CI = 0.97 - 4.22) [28]. Together the findings from these 4 ART timing RCTs confirm the earlier findings from observational studies that earlier ART increases the risk of TB-IRIS, quantify that risk (the risk of TB-IRIS is 2-3 fold higher if ART is started at ~ 2 weeks compared with 8-12 weeks) and suggest that this heightened risk is particularly apparent in patients with CD4 counts < 50 cells/ul. The CARINEMO trial showed no association between TB-IRIS occurrence and interval from TB treatment to ART initiation probably due to the design of the study, as all patients started ART in a narrow window between 4 and 6 weeks from the start of TB treatment [27]. Another RCT of ART timing in patients with HIV-associated TB meningitis demonstrated similar high mortality rates (~60% at 9 months) regardless of whether ART was started within 7 days or after 2 months of TB treatment. TB-IRIS was not reported as an endpoint in this trial. Because there were more grade 4 adverse events in the early arm it is advised to defer ART a few weeks in patients with TB meningitis.[43]
Disseminated or extrapulmonary tuberculosis (see Supplementary Table 1)
Disseminated or extra-pulmonary tuberculosis was associated with TB-IRIS in 11 studies in univariate analysis [12,29,32,37-39,41,44,45,45,46] and in 5 studies in multivariateanalysis [29,39,44-46]In multivariate analysis of 2 studiesfrom Asia, extra pulmonary TB increased the risk of paradoxical TB-IRIS 8 fold (OR=8.225 [46]and OR=8.63 [44]). In a study on treatment outcomes of  patients co-infected by HIV-TB at a university hospital in Thailand, disseminated TB patients had a 9-fold increased risk of paradoxical TB-IRIS in a multivariate analysis (adjusted OR=9.16) [39].  In this study disseminated TB was defined as TB in more than one organ or a positive blood culture for M.tuberculosis. In the multivariate analysis of a study in Thailand, extrapulmonary TB versus pulmonary TB alone increased the risk of paradoxical TB-IRIS almost 9 fold (OR=8.63)(P=0.004) [45].
In other studies although extra-pulmonaryor disseminated TB increased IRIS risk the magnitude of the association was not as great: in several studies the increase in risk was around two-fold [29,41]. In the CAMELIA trial, mediastinal adenopathyincreasedIRIS risk (HR 1.62 (P=0.004) in a multivariate analysis) [29].Miliary TB in the study by Narendran increased the risk of paradoxical TB-IRIS 5-fold (RR=5.4 (P=0.021) by univariate analysis) [12].In a South African prospective cohort study restricted to patients with HIV-associated TB meningitis, CSF culture positivity was associated with a 9-fold increase in TB-IRIS risk (RR=9.3 (95%CI= 1.4-62.2)) and this association persisted even after after adjustment for relevant co-variates [47].
Viral load and other factors (see Supplementary Table.1)
Some studies reported onthe association of TB-IRIS with baseline viral load: most of these reported an increased risk of paradoxical TB-IRIS with higher viral load at baseline[12,15,24,36,37,47,48]. More rapid reduction in viral load during early ART was associated with paradoxical TB-IRIS in two studies [35,49]. In a study of immunological predictors of TB-IRIS, a viral load decrease≥4 log10 copies/ml at week 12 on ART was associated with a 2.6 fold increase in odds of developing TB-IRIS [45].The SAPiT, CAMELIA and STRIDE RCTs allreported that lower median CD4 count at ART initiation and higher baseline viral load were associated with paradoxical TB-IRISin both univariate and multivariate analyses [15,24,29].Several other factors have been shown to be associated with TB-IRIS risk in a smaller number of studies including ethnicity [24], low haemoglobin [12,41], higher C-reactive protein (CRP) [50] and confirmed TB (compared to probable TB) [24]
Clinical features of paradoxical TB-IRIS
We classified clinical features of paradoxical TB-IRIS by organ system involvement (Supplementary Table 2). Pulmonary features and lymph node involvement were reported most commonly while abscesses and neurological features less so. Accross studies the proportion of TB-IRIS cases with pulmonary features ranged from 5.6% to 88.5% while the lymphnode involvement ranged from 30% to 100%. The median duration of TB-IRIS was reported in only 6 studies [24,28,29,34,47,51]. The median duration ranged from 19days [47](no IQR given) to 87days (IQR 44-139) [24]. A study by Serra reported a mean duration of 90 days (SD30 days) [52].
Management of paradoxical TB-IRIS
Twenty three studies reported corticosteroid use while 10 reported NSAID use(Supplementary Figure 4a and 4b and Supplementary Table 3).Including only those studies that reported their use, 28% (95%CI = 2-53%)of TB-IRIS cases were prescribedNSAIDfor treatment paradoxical TB-IRIS while 38% (95%CI = 27-48%) were prescribed corticosteroids, most frequently prednisone or prednisolone. The prescription of corticosteroids to treat TB-IRIS ranged from 0-81% and NSAID prescription from 0-45%. A small proportion of patients had ART interrupted after the diagnosis of paradoxical TB-IRIS (4%(95%CI = 1-6%) (Supplementary Figure 3b). The range of ART interruption was from 0-67%. However in the study reporting 67%, this was 4 of 6 patients [35]. Many studies did not report on ART interruption and it appears that this was a more frequent clinical practice when TB-IRIS was first recognised as a clinical entity. More recently, as clinicians have become more aware of IRIS treatment and outcome, ART interruption has been less used as a management strategy and thus rarely been reported in the literature.

Outcomes of paradoxical TB-IRIS
The all-cause mortality among paradoxical TB-IRIS cases was 7% (95%CI = 4-11%) and death attributable to paradoxical TB-IRIS occurred in 2% (95%CI = 1-3%) of TB-IRIS cases (Figure 3a and 3b and Supplementary Table 3).The range for all-cause mortality was (0-38%) and that for attributable mortality of TB-IRISwas also 0-38%.Although mortality due TB-IRIS is uncommon overall, when the central nervous system is affected with meningeal inflammation or focal brain inflammation the condition is more likely to be life-threatening.  In the Indian study reported by Agarwal, 5 of 13 (38%) of patients with paradoxical TB-IRIS died and TB-IRIS meningitis was the cause in 3 [53]. In a South African study among patients with TB meningitis, 4 of the 16 TB meningitis IRIS patients died and in 2 (13%) death was directly attributed to TB-IRIS [47]. In the study by Burman in the US, the one patient who died had neurological manifestations, an expanding intracerebral mass lesion [34]. In the Indian study by Narendran the 2 deaths that occurred were also in patients with neurological IRIS [12].
A quarter of patients required hospitalization(25%, 95%CI = 16-31%),with a range of 3-54% while 17% (95% CI 6-27%), with a range of 2-77%, required a therapeutic procedure in pooled estimates.Therapeutic procedures included aspiration and surgical drainage of lymphnodes and abscesses and lapaoroatomies. In the SAPit trial, those in the early integrated arm who developed TB-IRIS had more severe IRIS, were more frequently hospitalised and had a longer duration of TB-IRIS symptoms than in the other two arms [15]. 
Discussion
We conducted a systematic review and meta-analysis of studies in the literature that havereported cohorts of patients with HIV-associated TB who started ART while on TB treatment and where paradoxical TB-IRIS was ascertained. In most studies one or more risk factors for TB-IRIS were analysed. The review included 5 RCTs and the other studies were observational cohort studies, either retrospective (n =19) or prospective (n = 16). 
Among the studies included, the cumulative incidence of paradoxical TB-IRIS ranged from 4% and 54%. The pooled estimate of incidence was 18% (95%CI = 16-21%). One study with unexpected findings that was not included in this systematic review (because there were no TB-IRIS cases) was an RCT conducted in Tanzania [54]. It compared early (2 weeks)versus delayed (8 weeks) ART,with a fixed dose combination of abacavir, lamivudine and zidovudine, among patients on TB treatment. This study reported no cases of TB-IRIS [54]. The median CD4 count in this study was 103 cells/ul. It is unclear why no cases of TB-IRIS were diagnosed in this trial.
The incidence of TB-IRIS reported from studies conducted in Europe was highestat 33% followed by North America 27%, then Africa 19% and Asia 15%. This was an interesting finding given that certain of the important risk factors for paradoxical TB-IRIS are low CD4 count and disseminated or extra pulmonary tuberculosis, and given problems with access to HIV and TB care in resource-limited settings it could be expected that these risk factors would be more common in Africa and Asia.However, we were unable to calculate cohort CD4 counts by continentas few studies reported these. Only 2 of the 6 European studies reported the cohort CD4 counts: median 35 cells/ul (range 18-215) [35]and 10 cells/ul(range 4-488) [37]. Only 3 African studies reported the cohort CD4 counts: the mean was 120 cells/ul in one [32] and medians 55(IQR 31-106) [50] and 52 cells/ul(IQR 19-128) in the others [41]. Among Asian cohorts median CD4 counts were reported in 6 studies: the range of median CD4 counts was 30-123 cells/ul. From the data available then it appears that baseline CD4 counts were actually comparable across continents.
The higher incidence in European studies could be related to a higher ascertainment of TB-IRIS cases related to the clinical service or the use of a case definition that differed from other settings and permitted milder cases to be diagnosed as TB-IRIS. For example, almost half (6/13) of the African studies used the INSHI consensus case definition that is perhaps more stringent than other case definitions requiring objective evidence of organ system involvement clinically or radiologically, or at least two categories of symptoms. For example, having recurrent fever alone would not be classified as TB-IRIS in the INSHI criteria. None of the European studies used the INSHI criteria. Interesting allthe European studies were retrospective observational studies making it unlikely that ascertainment bias related to study design accounted for the differences observed as one would anticipate that TB-IRIS cases would be less likely to be ascertained in a retrospective compared with prospective study.
Another plausible explanation for the variation in TB-IRIS incidence is variation in host immune susceptibility to TB-IRIS based on genetic or environmental factors. Studies on gGenetic predisposition to TB-IRIS related to ethnic variation are limited has not been studied[55].  A possible environmental factor is vitamin D status, and this is known to be vary by latitude. It has been proposed that vitamin D deficiency may predispose to TB-IRIS [56] and this would then place those at higher latitudes at greater risk of TB-IRIS.However, studies to date have not confirmed an association between baseline vitamin D status and IRIS risk [57,58]
The higher incidence of 23% in prospective observational studies compared to retrospective studies (16%) and RCTs (16%) may be related to differential ascertainment of TB-IRIS in the different study designs. Also, in RCTs events such as TB-IRIS are often adjudicated by an external clinician or committee when some of the diagnoses are refuted.
Risk factors most consistently associated with TB-IRIS were low CD4 count, short interval between TB treatment and ART initiation, extra-pulmonaryor disseminated TB and higher baseline viral load. The association between ashort interval from initiation of TB therapy to ART may reflect that a higher mycobacterial load and thus greater antigen stimulus increases TB-IRIS risk.Another risk factor, lower CD4 count, is a marker of immunosuppression and this in turn may be a proxy for a higher mycobacterial load. However delaying ART in persons with a CD4 count < 50 cells/ulto prevent TB-IRIS is not recommended as the risk of mortality and AIDS progression is higher when ART is deferred in patients with such low CD4 counts [15,21].Extra-pulmonary or disseminated tuberculosis were associated with an increased risk for paradoxical TB-IRIS – the magnitude of the risk varying from around 2-fold higher to around 9-fold higher in other studies. One study analysed and found an association been ethnicity and paradoxical TB-IRIS [24]. Another study which included patients who were diagnosed with TB after starting ART also showed an association between Black race and TB-IRIS risk [34].Two studies have reported an association between paradoxical TB-IRIS and positive urine LAM [59]. Thesefindings require further investigation as this test can be done at point of care and assist in risk stratification for IRIS. 
Only 4% of patients had ART interrupted after TB-IRIS diagnosis. However, only 16 studies reported on treatment interruption  because it is not generally recommended as a management strategy anymore exceptwhen there is life-threatening neurological involvement [60]One study did, however, report a high proportion of patients in whom ART was interrupted: 47 %( 16/34) [61]. In this study treatment interruption was more frequent in severe cases (72%) than in non-severe (20%). Severe TB-IRIS was defined as symptomatic deep organ compression due to lymph node swelling or the symptomatic involvement of a vital organ such as heart, liver, brain and kidneys. In the studies that reported medical treatment used, more patients were prescribedcorticosteroids (38%)than NSAID (28%). Corticosteroids are generally recommended for the treatment of severe forms of TB-IRIS[53,62]so the 38% may represent the proportion of patients with more severe symptoms due to TB-IRIS.In the study from India reported by Narendran in 2013, 21of 26 cases (81%) were treated with corticosteroids likely reflecting contemporary practice in management of paradoxical TB-IRIS [12].
Two studies that focussed on the treatment of paradoxical TB-IRIS were not included in the systematic review because they did not include a cohort of patients with HIV-associated TB followed from the start of ART to ascertain IRIS incidence[61,63]. One of these was the only RCT conducted to evaluate a treatment strategy for paradoxical TB-IRIS to date [63]. In this RCT conducted in South Africa 110 participantsdiagnosed with paradoxical TB-IRIS were randomised 1:1 to receive 1.5mg/kg/day prednisone for 2 weeks followed by 0.75mg/kg/day for a further 2 weeks or identical placebo (double-blind). Those who received prednisone had reduced duration ofhospitalization, their symptoms resolved more rapidly and their chest radiographs and quality of life indicators improved more rapidly [63]. In an observational cohort study conducted in Paris among 34 patients with paradoxical TB-IRIS treatment strategies were reported. Among the 34 patients, one was treated with NSAID, 13 (38%) had ART interrupted, 8(24%) received corticosteroid therapy and 3(9%) had simultaneous ART interruption and corticosteroid treatment [37]. The median duration of corticosteroid therapy was 55.5 days (IQR = 12-36.5) [61]. A median dose of 50mg/day was used in this study.
Paradoxical TB-IRIS results in considerable morbidity and has resource utilisation and health care cost implications as evidenced by the pooled estimates of 25% being hospitalized and 17% requiring therapeutic procedures. The highest percentage of hospitalization was reported in an Indian study, 54% (7/13) [53] and of these 4 cases presented with neurological manifestations. Among all TB-IRIS cases death that was attributed to TB-IRIS occurred in 2%. However, Thus although mortality due TB-IRIS is uncommon it does occur, particularly when the central nervous system is affected by TB-IRIS mortality can be substantial [47,53].with meningeal inflammation or focal brain inflammation. In the sameIndian study, 5 of 13 (38%) of patients with paradoxical TB-IRIS died and TB-IRIS meningitis was the cause in 3[53]. In a South African study among patients with TB meningitis, 4 of the 16 TB meningitis IRIS patients died and in 2 (13%) death wasdirectly attributed to TB-IRIS[47]. In the study by Burman in the US, the one patient who died had neurological manifestations, an expanding intracerebral mass lesion [34]. In the Indian study by Narendran the 2 deaths that occurred were also in patients with neurological IRIS. 
The strength of our study lies in the nature of its design. A systematic review focussed specifically on paradoxical TB-IRIS to our knowledge has never been published. A previous systematic review on multiple forms of IRIS that included patients with TB-IRIS was published in 2010 and included studies published up to 2007. In the last 7 years many more TB-IRIS studies have been published including 5 RCTs that reported TB-IRIS as a secondary endpoint. Our review therefore serves as a timely update.A limitation of this review is that it relied on data from original publications and we did not have sufficient time or resources to contact authors for additional information. The ascertainment and definitions used to define paradoxical TB-IRIS in the original studies varied and thisintroduced bias into our results. In addition, many of the original studies did not provide sufficient details to enable assessment of the risk of bias of each study therefore, we cannot report on the methodological quality of the included studies. There was marked heterogeneity among studies that affected some of the pooled estimates for example incidence and management strategies. Heterogeneity may have been introduced because the populations were varied, different study designs and differences in TB-IRIS definitions.
Conclusion
As ART has been scaled-up in regions of the world where HIV and TB co-infection is common and a substantial proportion of patients are on treatment for active TB when they commence ART, paradoxical TB-IRIS has become a frequent cause of early clinical deterioration in ART programmes globally. In this systematic review we summarise the findings from 40 studies that collectively report 1048 cases of paradoxical TB-IRIS. The pooled incidence estimate for paradoxical TB-IRIS of 18% means that around 1 in every 5 patients who start ART while on TB treatment develop worsening or new features of TB due to TB-IRIS. The onset of TB-IRIS symptoms is typically in the first 4 weeks of ART. The main risk factors are low baseline CD4 count, high baseline HIV viral load, short interval between initiating TB treatment and ART and extra-pulmonary or disseminated TB. Higher Mycobacterium tuberculosis(MTB) antigen load thus appears to be an important driverof this inflammation given that disseminated TB is itself a risk factor and low CD4 count and short interval between treatments may also predispose to a higher MTB antigen loadbeing present at ART initiation. Mortality due to TB-IRIS is uncommon (2% of TB-IRIS cases overall). Most deaths appear to result from central nervous system involvement. In addition, morbidity and health care utilisation resulting from TB-IRIS is substantial in terms of requirement for hospitalisation (25%) and procedures (17%). The management of cases can be challenging for several reasons: there is no confirmatory diagnosis and alternative causes for clinical deterioration need to be excluded before anti-inflammatory treatment is prescribed. Furthermore, the clinical presentation is heterogeneous and overlaps with other diagnoses and it frequently occurs in patients with advanced HIV and disseminated TB causing further clinical deterioration from an already compromised clinical state. In studies where treatment was reported,38% were prescribed corticosteroids and there is clinical trials evidence showing more rapid resolution of TB-IRIS symptoms with prednisone treatment [63]. Counselling about the risks, features and treatment of paradoxical TB-IRIS shouldform part of ART readiness counselling in patients with HIV-associated TB starting ART.
Future perspective 
According to the WHO estimates there are 22million people living with HIV worldwide who have not yet started ART. Most of these people live in regions where HIV-TB co-infection has a high prevalence. Although the WHO recommended CD4 count threshold for ART initiation has increased to 500 cells/ul, many patients still present with low CD4 counts for HIV care, and often with active TB. These patients need to start ART soon after TB treatment with ahigh risk of paradoxical TB-IRIS.TB-IRIS is thus likely to remain an important clinical entity in international HIV programmes for many years. From a programme perspective, ongoing training of all health care workers involved in the provision of TB and ART care on the risks, clinical features and management of paradoxical TB-IRIS is required. As ART services are decentralised and HIV and TB services are integrated, training initiatives should aim to reach the staff at such facilities. Neurological TB-IRIS is associated with substantial mortality and should be prioritised for research regarding pathogenesis, treatment and prevention.
Immunopathogenesis research will expand our understanding of immunological predictors and key immune pathways involved potentially allowing prediction, risk stratification and earlier diagnosis of paradoxical TB-IRIS. In addition,prevention research is likely to expand. Studies testing corticosteroids and NSAIDs for prevention of TB-IRIS are underway. In the future, prevention strategies involvingpre-emptive institution of anti-inflammatory therapiesguided by predictive biomarkers may be possible. More directed immune-based treatments for TB-IRIS targeting specific inflammatory pathways implicated in pathogenesis may also be possible when the immunopathogenesis is better understood. The role of vitamin D status and host geneticsas risk factors for TB-IRIS should be further explored as well as the role of the urine lipoarabinomanan assay as a predictive test for TB-IRIS.

Executive summary 
Systematic review
· We included 40 studies in this systematic review of studies that reported cohorts of patients with HIV-associated TB startingART and ascertained incidence of paradoxical TB-IRIS.
· There were cumulatively 1048 cases of TB-IRIS across the studies.
Paradoxical TB-IRIS diagnosis
· Paradoxical TB-IRIS is a clinical diagnosis. There are currently no laboratory tests that confirm the diagnosis.
· Consensus case definitions for TB-IRIS have been published.
· Before the diagnosis of TB –IRIS is made it is important to exclude multi-drug resistant TB, non-adherence to TB treatment, another opportunistic infections or drug reaction as the cause for clinical deterioration. 
Incidence
· The reported incidence of TB-IRIS has varied from 0-54% across studies.
· The pooled incidence of TB-IRIS across these studies was 18 % (95% CI 16-21%).
· The highest incidence was in Europe33 %( 95% CI26-40%) and North America, 27 %( 95% CI 15-38%) as compared to Africa19 %( 95% CI 15-23%) and Asia 15 %( 95%CI 11-20%). This may be related to differential ascertainment or genetic or environmental factors.
· The incidence reported in prospective observational studies was 23% (95% CI 17-28%), retrospective observational studies 16% (95% CI16-21%) and RCTs 16% (95% CI 9-22%).
Risk factors and clinical features
· Lower baseline CD4 count, a higher baseline viral load, extra-pulmonary or disseminated TB, shorter interval between starting TB treatment and ART were the major risk factors reported across studies.
· The association of TB-IRIS with earlier ART timing was confirmed in all 4 RCTs that examined different ART timing strategies in TB patients.
· The findings from RCTs show that earlier ART increases the risk of paradoxical TB-IRIS (2-3 fold higher) if ART is started at about 2 weeks compared to 8-12 weeks.
· Pulmonary infiltrates and lymph node involvement were the commonestclinical features of paradoxical TB-IRIS reported.
Treatment
· Interruption of ART was low across studies, 4% (95% CI 1-6%). The recommendation is that in patients with paradoxical TB-IRIS ART should generally not be interrupted unless there is life-threatening neurological involvement.
· Almost 40% of participants across studies that reported medical treatment were prescribed corticosteroids. 
· One randomised controlled trial of prednisone for TB-IRIS showed that a 4 week course reduced duration of hospitalisation and led to more rapid symtom improvement.
Outcomes 
· Mortality from paradoxical TB-IRIS is uncommon– in 2% of TB-IRIS cases death attributed to TB-IRIS occurred.
· Hospitalizations may result from paradoxical TB-IRIS as well as the need for additional investigations and therapeutic procedures. 24% of cases required hospitalization in our review with 17% requiring therapeautic procedures.
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Figure 1: Flow chart showing study selection process
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Studies were excluded because theydid not fulfil inclusion criteria (Common examples were less than 5or no paradoxical TB-IRIS cases reported, not reporting paradoxical TB-IRIS separate from unmasking TB or not following up a cohort of patients)
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Table 1: Study characteristics and paradoxical TB-IRIS incidence reported
	First author, year
	Country
	Period
	Design
	Setting
	Inclusion criteria
	No. instudy cohort
	No. at risk of paradoxical-IRIS
	No. of paradoxical-IRIS cases
	Paradoxical
TB-IRIS incidence (%)

	Narita 
1998[13]
	USA
	1996- 1997
	POC
	IP
	Admitted to hospital; culture-proven TB;ART naïve; sufficient follow-up.
	116
	33

	12 

	36.4

	Olalla 
2001 [51]
	Spain
	1997- 1999
	ROC
	IP/OP
	Registered in the microbiology lab; follow-up completed in the centre in the defined period.
	33
	33
	8 
	24.3

	Navas
2002 [35]
	Spain 
	1995- 1998
	ROC
	IP
	Culture-proven TB; completed TB treatment
	76
	17
	6 

	35.3

	Breen 
2004 [48]
	UK
	1997- 2002
	ROC
	IP/OP
	HIV+ and HIV-TB patients; with microbiological, histological or radiological evidence for TB 
	100
	28
	8 

	28.6

	Breton 
2004 [37]
	France
	1996- 2001
	ROC
	OP
	ART naive patients who initiated ART within 6 months of starting TB treatment and with 2 months of follow up thereafter
	37
	37
	16 

	43.2

	Kumarasamy
2004[25]
	India
	2000- 2003

	ROC
	OP
	HIV-infected TB patients who initiated ART
	144
	144
	11 

	7.6

	Pedral-Sampaio 2004 [23]
	Brazil
	1999-2002
	A
	OP
	HIV+ patients with VL >30000 copies/ml  with TB clinically and radiologically who gave consent
	49
	49
	7

	14.3

	Michailidis 2005 [64]
	UK
	2001-2003
	ROC
	OP
	Patients diagnosed with their first episode of TB in an HIV/TB database
	55
	28
	9
	32.1

	Shelburne 
2005 [65]
	US
	1997-2000
	ROC
	IP/OP
	HIV with MTB/MAC /CCM co-infection started on ART with a CD4/VL prior to ART and a follow up CD4/VL on ART
	259
	86
	26
	30.2

	Manosuthi 2006[46]
	Thailand
	2003-2004
	ROC
	OP
	HIV+ diagnosed with active TB, receiving TB medication and initiating ART
	167
	167
	21
	12.6

	Puljiz
2006 [66]
	Croatia
	1986- 2005
	ROC
	IP
	HIV-infected patients with TB admitted to a University hospital for infectious diseases.
	65
	27
	11 
	40.7

	Burman
2007[34]
	USA,
Canada
	1999- 2002
	B
	NS
	≥18 years, confirmed HIV infection and suspected or confirmed TB; had not received TB treatment within previous 6months
	169
	109
	19
	17.4

	Lawn
 2007[14]
	South Africa
	2002-2005
	ROC
	OP
	Cases receiving anti-TB medication at entry into the ART programme or new TB cases diagnosed prior to ART
	160
	160
	19
	12

	Serra 2007[52]
	Brazil
	2000-2003
	ROC
	OP
	Patients with confirmed HIV and TB diagnosis. MTB identified by biochemical testing and HIV by Western blot/immunofluorescence
	84
	80
	6
	7.5

	Tansuphasawadikul2007 [67]
	Thailand
	2004- 2005
	ROC
	OP
	>15 years old; ART naïve at TB diagnosis and initiated ART during TB treatment; CD4 count <100/ul at TB diagnosis
	101
	101
	15 
	14.9

	Van Oosterhout 2007 [68]
	Malawi
	2005-2006
	POC
	IP/OP
	≥18 years old; living in hospital catchment area registered for treatment of sputum + PTB who were HIV +, ART naive , WHO stage IV and CD4 < 200 cells/ul
	27
	27
	8
	29.6

	Meintjes
2008 [69]
	South Africa
	2006-2007
	POC
	OP
	Patients who started ART in primary care while on TB treatment
	64
	51
	10
	19.6

	Baalwa 2008[42]
	Uganda
	2003-2004
	ROC
	OP
	Adults >18 years old eligible for ART and adherent to TB medication with improvement on medication
	45
	45
	13
	29

	Manosuthi
 2009 [44]
	Thailand
	2006-2007
	POC
	OP
	HIV-associated TB receiving TB medication, ART naïve, CD4 < 350 cells/ul
	126
	126
	23
	17.5

	Tieu[45]
2009 
	Thailand
	2006- 2007
	POC
	OP
	ART naïve, HIV-1 infected patients, 18-60 years , with CD4<350 cells/ul at baseline and  documented TB disease & on rifampicin-based ATT for 4 – 16 weeks
	126
	126
	22 
	17.5

	Eshun-Wilson 2010 [32]
	South Africa
	2003- 2008
	ROC
	OP
	ART naïve; without missing clinical records; met WHO TB case definitions and initiated ART 
	313
	313
	35 
	11.2

	Sharma
 2010 [70]
	India
	2006-2008
	ROC
	IP
	Adults initiated on ART at the ART clinic with a WHO based TB diagnosis
	237
	237
	18
	7.6

	Dibyendu
2011 [38]
	India
	2009- 2010
	POC
	OP
	Newly diagnosed HIV positive patients with active TB receiving TB treatment and started ART after 15 days of starting TB treatment
	96
	96
	18 
	18.8

	Karmakar
2011 [71]
	India
	2008- 2010
	POC
	IP/OP
	ART-naïve, adult HIV-infected patients with active TB and cohort also included those with no evidence of active TB at the time of recruitment in the study
	224
	123
	5 
	4.1

	Letang
2011[72]
	Mozambique
	2006-2008
	POC
	OP
	HIV+ non-pregnant adults at VCT service with TB
	136
	40
	8
	20

	Lorent
2011[73]
	Rwanda
	2008- 2010
	POC
	IP/OP
	All adult patients ≥21 yearswho started first-line TB treatment for newly diagnosed TB
	253
	167
	21 
	12.6

	Ali.K  2012[74]
	Ethiopia
	2007- 2008
	ROC
	OP
	Medical records of HIV infected patients who were ≥ 15 years  began ART at the referral hospital
	420
	49
	11 

	22.4

	Agarwal
2012 [53]
	India
	2006- 2008
	ROC
	OP
	Adult patients with active TB at entry to HIV care; started on anti-TB medication at TB diagnosis; ART naïve at TB diagnosis.
	103
	103
	13 
	12.6

	Haddow
 2012 [75]
	South Africa
	2006-2007
	POC
	OP
	HIV+ adults > 18yrs; ART naive due to start ART
	498
	102
	14
	13.7

	Kumarasamy 2013[33]
	India 
	1996- 2007
	ROC
	OP
	HIV-infected patients diagnosed with active TB with clinical features; receiving TB medication; initiated ART after diagnosis of TB
	1731
	1731
	95 
	5.5

	Limmahakhun2012[39]
	Thailand 
	2000- 2009
	ROC
	OP
	HIV infected patients;  ≥15 years old with a  diagnosis of TB
	171
	132
	8 
	6.1

	Manosuthi
2012 [28]
	Thailand
	2009-2011
	RCT
	OP
	HIV+ with CD4 < 350 cells/uldiagnosed with TB
	156
	156
	41
	26.3

	Naidoo
2012 [15]
	South Africa
	2005-2010
	RCT
	OP
	≥18 years old, HIV-infected with sputum positive TB and CD4 count <500 cells/ul
	642
	642
	80
	12.5

	Worodria 2012 [41]
	Uganda
	2007- 2009
	POC
	OP
	HIV-associated TB, eligible for ART (CD4< 250 cells/µl); within 20 km radius of hospital;willing to return for study visits.
	254
	254
	53 
	20.9

	Laureillard
2013 [29]
	Cambodia
	2006-2009
	RCT
	OP
	HIV+ ART-naive adults with TB, CD4 < 200 cells/ulwith a follow up visit after ART initiation
	597
	597
	155
	26

	Marais
 2013[47]
	South Africa
	2009-2010
	POC
	IP
	HIV+ ART-naive presenting with TB meningitis
	34
	34
	16
	47

	Narendran
2013 [12]
	India
	2009- 2011
	POC
	OP
	HIV+ adults with pulmonary TB confirmed by sputum culture;rifampicin sensitive MTB ART naïve willing to start ART
	48
	48
	26 
	54.2

	Van der Plas
2013 [50]
	South Africa
	2009-2011
	POC
	IP
	Adults ≥ 18yrs hospitalized at a TB hospital with confirmed HIV & TB diagnosis fulfilling national criteria for ART
	112
	112
	47
	42

	Bonnet 2013[27]
	Mozambique
	2007-2010
	RCT
	OP
	Adults with Karnofsky> 60 with CD4 below 250 cells/ul, ALT below 5 times upperlimitand not pregnant
	573
	573
	53
	9.2

	Luetkemeyer
2014 [24]
	Multi-country 
	2006-2009
	RCT
	OP
	HIV+ ART naive with TB diagnosis and received 14days of rifampicin based treatment
	806
	806
	61
	7.6



Footnote:
Abbreviations:
POC = Prospective observational cohort study
ROC = Retrospective observational cohort study
RCT = Randomised controlled trial
A = Prospective trial without randomisation
B = POC, sub-analysis nested in clinical trial
IP = Inpatient
OP = Outpatient
NS = Not stated
ART= Antiretroviral therapy, HIV= Human Immunodeficiency Virus, MTB= Mycobacterium tTuberculosis, TB=Tuberculosis, VL=Viral load, MAC = Mycobacterium aAvium complexIntracellulare, CCM= Cryptococcal Meningitis, ALT=Alanine  Transaminase 






Figure 2a: Incidence of paradoxical TB-IRIS by region
[image: ]
Test(s) of heterogeneity:
Heterogeneity degrees of
              statistic     freedom             P    I-squared   Tau-squared
Africa            89.12           13      0.000     85.4%      0.0040
Asia               227.60         13      0.000     94.3%      0.0066
Europe              3.94          5      0.559    0.0%        0.0000
Multinational       0.00        0        .              %          0.0000
North America  7 .00          2      0.030     71.4%      0.0069
South America   1.37          1      0.242     26.9%      0.0006
Overall           442.21         39      0.000     91.2%     0.0052


























Figure 2b: Incidence of paradoxical TB-IRIS by study design
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Test of heterogeneity     Heterogeneity	             degrees of
                                       statistic			freedom	  P		I-squared**	
Prospective observ	133.61			15		0.000		88.8%		 Randomised control T    104.36		4		0.000		96.2%	
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Overall          	442.21			39		0.000		91.2%	
	























Table 2: Association of CD4 count and duration from starting TB treatment to ART with paradoxical TB-IRIS 
	First author, year, [ref]
	CD4 count in 
TB-IRIS cases
median(IQR)
	CD4 count in 
Non-TB-IRIS patients
 median (IQR)

	P value
	Duration between TB treatment & ART initiation in TB-IRIS cases median days(IQR)
	Duration between TB treatment & ART initiation in non TB-IRIS patients (days)
	P value

	Narita 1998 [13]
	54 (2- 133)*
	83 (5- 820)*
	NR
	NR
	NR
	NR

	Olalla 2001 [51]
	55 (171)***
	91.5 (259)***
	NS
	NR
	NR
	NR

	Navas 2002 [35]
	46.5 (30- 312)*
	35.0 (18 -225)*
	NR
	22.5 (0- 60)*
	110.0 (0- 375)
	P=0.01

	Breton 2004[37]
	75(4-435)
	128(9-488)
	NR
	NR
	NR
	NR

	Breen 2004 [40]
	58 (30- 143)*
	NR
	NS
	NRd
	NR
	NR

	Kumarasamy 2004 [25]
	123
	NR
	NR
	22
	25
	P=0.80

	Manosuthi 2006 [46]
	44(18-84)
	34(13-67) 
	P=0.482
	61(37-83)
	68(43-122) 
	P=0.266

	Lawn 2007 [14]
	31 (IQR NR)
	74 (IQRNR)
	
	40(IQR NR)
	117 (IQR NR) 
	P<0.001

	Tansuphasawadikul 2007 [36]
	36 (5-87)*
	30 (1-97)*
	P=0.68
	31 (13- 90)*
	90 (0- 381)
	P<0.05

	Meintjes2008 [10]
	55(29-106)
	78(38-132)
	NR
	NR
	NR
	NR

	Tieu 2009 [45]
	35 (23- 54)
	44 (23- 104)
	P=0.18
	42 (33- 68)
	47 (35- 74)
	P=0.38

	Manosuthi 2009 [44]
	35(IQR NR)
	44(IQR NR) 
	P>0.05
	NR
	NR
	NR

	Eshun-Wilson 2010 [32]




	32 (14- 78)
	85 (31- 154)
	P=0.002
	91 (42- 144)
	101 (62- 157)
	P=0.211

	First author, year, [ref]
	CD4 count in 
TB-IRIS cases
median(IQR)
	CD4 count in 
Non-TB-IRIS patients
 median (IQR)

	P value
	Duration between TB treatment & ART initiation in TB-IRIS cases median days(IQR)
	Duration between TB treatment & ART initiation in non TB-IRIS patients (days)
	P value

	Sharma 2010 [31]
	64(28-89)
	95(52-150) 
	P=0.009
	33(24-41)
	48(35-61) 
	P<0.001

	Letang 2011[72]
	68(29-39.5)
	37.5(29.5-45) 
	P=0.17
	NR
	NR
	NR

	Karmakar 2011 [30]
	167 (118- 193)
	136 (70- 225.75)
	NS
	20 (18–27)
	32 (21–70)
	P=0.136

	Dibyendu 2011 [38]
	60.33 (24.13)**
	58.88 (24.89)**
	P=0.82
	15 
	15 
	-

	Limmahakhun 2012 [39]
	37 (23- 60)
	69 (35 -123)
	NR
	74 (38- 100)
	157 (74- 342)
	NR

	Naidoo 2012 [15]
	91 (36-177)
	155(78-261) 
	P<0.001
	NR
	NR
	NR

	Agarwal 2012 [53]
	74 (55-110)
	84 (46- 142)
	P=0.52
	27 (22- 52)
	42 (25- 97)
	P=0.30

	Worodria 2012 [41]
	NR
	NR
	NR
	NR
	NR
	NR

	Kumarasamy 2013 [33]
	88 (50- 149)
	70 (41- 122)
	P=0.023
	17 (3- 65.5)
	22 (4- 124.3)
	P=0.45

	Marais 2013 [47]
	93(65-158)
	145(64-231)
	NR
	15(14-16)
	15(15-20)
	NR

	Narendran 2013 [12]
	93 (39- 135)
	156 (89- 264)
	P=0.005
	20 (14–30)
	43 (23–68)
	P<0.001

	Bonnet 2013[27]
	63(38-111)
	92(44-150)
	NR
	NR
	NR
	NR

	Luetkemeyer 2014 [24]
	45(24-81)
	82(39-146) 
	P=0.001
	12(8-65))
	24(10-70) 
	P=0.028



NR Not reported     NS Not significant, reported as such no P value given
*median(range) ** mean(SD) 
IQR InterquatileRange, TB Tuberculosis, ART Antiretroviral Therapy, ATT Antitubercilous Therapy
Dibyendu 2011[38]: Started ART after 15 days of ATT as per protocol followed in the institution
The following studies did not report on association between CD4 count and duration between TB treatment and ART or did not report this association in a format suitable for inclusion in this table: Puljiz 2006[66], Shelburne  2005[65], Pedral-Sampaio 2004[23],Van Oosterhout 2007[68],  Manosuthi 2012[28], Van der Plas2013[50], Worodria 2012[41], Baalwa 2008[42], Ali,K 2012 [74]Serra 2007 [52], Haddow 2012 [75], Michailidis 2005 [64], Burman 2007 [34], Laureillard 2013 [29].



Figure 3a: All-cause mortality among paradoxical TB-IRIS patients
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Legend:
Heterogeneity chi-squared =  55.46 (d.f. = 17) p = 0.000
  I-squared (variation in ES attributable to heterogeneity) =  69.3%
This meta-analysis was performed using STATA version 11. It was not possible to include a numerator of 0 for a particular study, thus a value of 0.5 deaths (the lowest possible value that could be entered for the numerator) was entered for those studies where 0 deaths were reported. This applied to Karmakar 2011, Kumarasamy 2013, Limmahakhun 2012, Serra 2007, Tansuphasawadikul 2007, Tieu 2009 and van der Plas 2013 (all studies where the investigators reported no deaths among TB-IRIS patients).



Figure 3b: Mortality attributable to paradoxical TB-IRS
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Legend:
Heterogeneity chi-squared =  27.79 (d.f. = 25) p = 0.318
I-squared (variation in ES attributable to heterogeneity) =  10.0%
This meta-analysis was performed using STATA version 11. It was not possible to include a numerator of 0 for a particular study, thus a value of 0.5 TB-IRIS-related deaths (the lowest possible value that could be entered for the numerator) was entered for those studies where 0 TB-IRIS-related deaths were reported. This applied toKarmakar 2011, Kumarasamy 2013, Limmahakhun 2012, Luetkemeyer 2014, Manosuthi 2009, Olalla 2001, Serra 2007, Sharma 2010, Tansuphasawadikul 2007, Tieu 2009, Van Oosterhout 2007, Van der Plas 2013, Wordodria 2012(all studies where the investigators reported no TB-IRIS-related deaths).



Supplementary Figures and Tables
Supplementary Figure 1: Incidence of paradoxical TB-IRIS across all studies

	[image: ]Heterogeneity chi-squared = 442.21 (d.f. = 39) p = 0.000
I-squared (variation in ES attributable to heterogeneity) =  91.2%


	

	

	


Supplementary Table 1: Listing of risk factors associated with paradoxical TB-IRIS in individual studies
	First author, year, [ref]
	Factors associated in univariate analysis
	Factors associated in multivariate analysis

	Narita 1998 [13]
	None statistically significant
	None statistically significant

	Navas 2002 [35]
	Increment in HIV viral load after ART (log10copies/mL) (P= 0.02)
	NR 

	
	Time between initiation of anti-TB drugs &ART (P= 0.01)
	

	
	Time between initiation of anti-TB  therapy and ART < 60 days (P= 0.002)
	

	Breton 2004 [37]
	Disseminated TB (P=0.01)
	IncrementCD4 cell % from baseline 
OR=1.34(1.08-1.66)

	
	Extrapulmonary TB (P=0.01)
	Increment in the ratio of CD4 cells : CD8 cells 
OR=1.55(1.06-2.26)

	
	HIV viral load > 105 log10 copies/ml (P=0.03)
	

	
	CD4:CD8(p=0.05)
	

	
	CD4 cell% after 1 month of ART (P=0.04)
	

	
	Increment of CD4 cell % from baseline (P<0.001)
	

	
	Increment of CD4 cell % from baseline (P<0.001)
	

	Breen 2004 [48]
	Time from TB treatment to ART : <6 weeks versus 6 weeks–6 months / >6 months (P=0.03)
	NR

	Kumarasamy 2004 [25]

	None statistically significant
	NR

	First author, year, [ref]
	Factors associated in univariate analysis
	Factors associated in multivariate analysis

	Manosuthi 2006 [46]
	Extrapulmonary TB OR=9.76 (P<0.001)
	Extrapulmonary TB OR=8.225 (P=0.007)

	
	Abdominal TB lymphadenitis OR=4.057 (P=0.047)
	

	Burman 2007 [34]
	NRc
	NRc

	Serra 2007 [52]
	NRc
	NRc

	Lawn 2007 [14]
	Low median CD4 count cells/ul (P=0.003)
	Low baseline CD4 cell count (analysed as a continuous variable) RR=0.983(P=0.018)
Decrease in CD4 count of  100 cells/ul, RR=5.3 (P=0.02)

	
	Time from TB diagnosis to ART in days (P<0.001)
	TB diagnosis to ART delay =/< 30 days VS > 90 days RR=69.5 (P<0.001)

	
	Lower CD4 cell count  (P=0.03)
	TB diagnosis to ART delay 31-60 VS 90days RR=10.6 (P=0.007)

	
	
	TB diagnosis to ART delay 61-90 days VS > 90 days RR=6.64(P=0.03)

	Eshun-Wilson  2010 [32]
	Low median pre-ART CD4 count (P= 0.002)
	NR

	
	Pre-ART CD4 count ≤50 (P=0.001)
	

	
	Pre-ART CD4 count ≤ 100 (P=0.005)
	

	Tansuphasawadikul 2007 [36]
	Duration between initiation of ART and TB treatment in days 
(P <0.05)
	NR

	
	Baseline Viral load (log10copies/mL) (P= 0.01)
	

	Tieu 2009 [45]
	Age <35 years: OR= 3.23(1.17- 8.92)
	Extrapulmonary TB only: OR= 8.63 (1.99- 37.50)

	
	ExtrapulmonaryTB only: OR= 7.90 (1.93- 32.3)
	Disseminated TB only: OR= 4.17 (1.03- 16.86)

	
	Disseminated TB: OR= 4.76 (1.22- 18.6)
	

	
	HIV-1 viral load decrease  ≥ 4 log10 copies/ml at week 12: OR= 2.56 (1.00- 6.59)
	

	First author, year, [ref]
	Factors associated in univariate analysis
	Factors associated in multivariate analysis

	Manosuthi 2009 [44]
	Extrapulmonary TB only vs Pulmonary TB only OR=7.90 (P=0.004)
	Extrapulmonary TB only vs Pulmonary TB only OR=8.63 (P=0.004)

	
	Both extrapulmonary and pulmonary TB vs pulmonary only OR=4.76 (P=0.025)
	Both extrapulmonary and pulmonary TB vs pulmonary only OR=4.17 (P=0.045)

	
	Age =/< 35 vs >35 OR=3.23 (P=0.023)
	

	Sharma 2010 [31]
	Lower baseline CD4 count( P=0.009)
	NR

	
	Higher % change in CD4 count in 6 months (P=0.043)
	

	
	Interval between TB and ART treatment in days P<0.0001
	

	Letang 2011 [72]
	NRa
	NRa

	Karmakar 2011 [30]
	Decrease in VL(%) (P= 0.016)
	NR

	Dibyendu 2011 [38]
	Extrapulmonary TB (P= 0.0032)
	NR

	
	TB lymphadenitis (P= 0.0364)
	

	
	Disseminated TB (P= 0.0217)
	

	
	Pulmonary TB (P= 0.0032)
	

	
	Higher increment in mean CD4 (P=0.0063)
	

	
	Mean increment in CD4 after 3 months (P=0.0212)
	

	Limmahakhun 2012 [39]
	Disseminated TB infection (P= 0.004)
	Disseminated TB infection: OR= 9.16 (1.67- 50.07) 

	

	Time from TB treatment to cART in days median IQR (P= 0.007)
	Shorter duration between TB treatment and ART:
ART< 60 days vs  >60 days: OR= 6.57 (1.61- 26.86)


	First author, year, [ref]
	Factors associated in univariate analysis
	Factors associated in multivariate analysis

	Naidoo 2012 [15]
	Lower median CD4 count (P<0.001)
	CD4 count less than 0.05X109 cells/L vs >0.2X109 cells/L IRR=4.1(95% CI 2.1-8.2)

	
	CD4 count less than 0.05X109 cells/L (P<0.001)
	CD4 count  0.05-0.2 X109 cells/L vs >0.2X109 cells/L IRR=2.2 (95% CI 1.2-4.2)

	
	Lower mean viral load  log10 copies/ml (P<0.001)
	Viral load  > 5 log10 copies/ml  vs =/< 5 copies/ml IRR=2.7 (1.5-5.0)

	Haddow 2012 [75]
	NRa
	NRa

	Agarwal 2012 [53]
	Age >35 years (P= 0.03)
	NR

	Worodria 2012 [41]
	Haemoglobin < 100g/l: OR=2.35 (P= 0.017)	
	Haemoglobin< 100g/l: OR=2.23 (P= 0.031)

	
	CD4 <50 cells/µl: OR= 4.24 
(P= 0.001)	
	CD4 <50 cells/µl: OR= 4.13 
(P= 0.001)

	
	Extrapulmonary TB vs Pulmonary TB: OR= 2.07  (P= 0.032)	
	

	
	Tuberculin skin test Neg vs Pos: OR= 2.5 (1.15- 5.45) (P= 0,021)	
	

	Kumarasamy 2013 [33]
	Higher CD4 at time of initiating HAART (P= 0.023)
	NR

	
	Median duration on HAART in days (P= 0.03)
	

	
	CD4 after initiating HAART (cells/mm3) 
At 3 months (P=0.011)
At 6 months (P=0 .032)
At 12 months (P=0.041)
 At 18 months (P=0.047)
At 24 months (P=0.042)
	

	Laureillard 2013 [29]
	Extrapulmonary TB vs PTB HR=1.89 (P=0.001)
	EarlyART initiation vs late HR=2.61 (P<0.001)

	
	Disseminated TB vs  HR=1.94 (P=0.001)
	CD4 count at initiation cells/ul
26-50 vs >100 HR=2.35(1.23-4.51)

	
	Female vs Male HR=0.7 (P=0.037)
	Mediastinal adenopathy at enrolment HR=1.62 (P=0.004)

	
	Mediastinal adenopathy at enrolment HR=1.61(P=0.003)
	VL at ART initiation log 10 copies/ml >6 vs <5 HR=1.74 (1.06-2.84)

	
	EarlyART initiation vs late HR=2.58 (P<0.001)
	Extrapulmonary TB vs PTB HR=2.06 (P<0.001)

	
	Karnofsky score =/<40 vs=/>80 HR=1.26 (P=0.01)
	Disseminated TB vs  HR=1.88 (P<0.001)

	
	Karnofsky score 50-70vs =/>80 HR=1.62 (P=0.01)
	

	
	CD4 count at initiation cells/ul
26-50 vs >100 HR=2.37(1.24-4.53)
	

	
	CD4 count 51-100 vs.>100 HR=1.95 (1.00-3.91)
	

	
	Hb at ART initiation (g/dl)=/<70vs >100 HR=2.58(1.67-3.99)
	

	
	Hb at ART initiation (g/dl) 70-80 vs >100 HR=1.88(1.21-2.92)
	

	
	Hb at ART initiation (g/dl) 85-100 vs >100 HR=1.69(1.12-2.57)
	

	
	VL at ART initiation log 10 copies/ml >6 vs <5 HR=1.86(1.15-3.02)
	

	Marais 2013[47]
	HIV viral load at TBM diagnosis log 10 (P=0.05)
	CSF culture positive RR=9.3(P=0.004)

	
	Lymphocyte count X106/l  2 weeks after ART start/IRIS presentation P<0.001
	

	
	Neutrophil proportion  % of cells per sample at TBM diagnosis (P=0.009)
	

	
	Neutrophil count X106/l  2 weeks after ART start/IRIS presentation  (P<0.01)
	

	
	Neutrophil count X106/l  at TBM diagnosis (P=0.02)

	

	First author, year, [ref]
	Factors associated in univariate analysis
	Factors associated in multivariate analysis

	Narendran 2013 [12]
	Time to ART <30 days: RR= 8.9  (P=0.001)
	Time to ART <30 days: RR= 20.2  (P=0.01)

	
	Hb< 9g/dl: RR=5.5 (P= 0.009)
	Hb< 9g/dl: RR=6.3 (P= 0.001)

	
	CD4+ count < 120 cells/ul: RR= (P= 0.01)
	

	
	Presence of EPTB site: RR= 5.8 (P= 0,006)
	

	
	Presence of miliary TB: RR= 5.4 (P= 0.021)
	

	
	Viral load >5,6 log 10 copies/ml: RR= 7.6 (P= 0,002)
	

	Bonnet 2013 [27]
	High Viral load(log10copies/ml) : OR=1.59 (P=0.036)
	Viral load reduction (log10 copies/ml) : OR=1.66 (P=0.0218)

	
	BMI OR=0.87(P=0.021)
	BMI OR=0.87(P=0.01)

	
	Smear positive PTB versus Negative OR=1.73 (P=0.019)
	Smear positive PTB versus Negative OR=1.92 (P=0.02)

	
	Low CD4 (by group of 50 cells/mm3) OR=0.75 (P=0.018)
	CD4 increment (by group of 50 cells/ul) OR=0.77 (P=0.04)

	
	
	Female vs male OR=2.19(P=0.009)

	van der Plas 2013 [50]
	CRP>10mg/l:  HR=1.7 (1.1-2.6)
	NR 

	Luetkemeyer 2014c[24]
	Ethnicity non-hispanic (P=0.004)
	Earlier initiation before adjusting for male sex HR=2.47(P=0.001)

	
	Site of enrolment P<0.001
	Earlier initiation after adjusting for male sex HR=1.8(P=0.054)

	
	
	Enrolment from South Africa vs elsewhere HR=2.78 (P<0.001)

	
	Lower baseline HIV RNA log 10copies/ml P<0.001
	Higher baseline HIV RNA HR=1.83 (P=0.011)

	
	Days of TB treatment at ART start P<0.001
	Confirmed vs probable TB at entry HR=3.16 (P=0.001)

	
	Confirmed TB at randomisation P=0.028
	

	
	Lower CD4 count at start of ART cells/mm3 P<0.001
	


NRa risk factors reported were for all O.I not only paradoxical TB-IRIS
NR Not reported, Luetkemeyerc[24]90% CI used
OR=Odds ratio, RR=Relative Risk, HR=Hazard Ratio
EPTB=Extrapulmonary tuberculosis, BMI=BodyMass Index, ART=Antiretroviral Therapy, HIV=Human Immunodeficiency Virus, OI=Opportunistic infection TB=Tuberculosis VL=Viral load RNA=Ribonucleic Acid CSFCerebrospinal Fluid, Hb=Haemoglobin, TBM=Tuberculous Meningitis
Only studies reporting statistically significant results are reported, unless specified.
The following studies did not report any  risk factors for paradoxical TB-IRIS namely: Puljiz 2006[66], Pedral-Sampaio 2004[23] , Olalla 2001[51], Shelburne 2005[65], Michailidis 2005[64], van Oosterhout 2007 , Meintjes 2008[9]Lorent 2011[73], Manosuthi 2012 [28], Baalwa 2008[42] , Ali,K 2012 [74], 
Limmahakhun 2012[39]description of disseminated TB: TB that involved more than one organ or positive lood culture for M.TB (Mycobacterium Tuberculosis)















Supplementary Table 2: Clinical manifestations of paradoxical TB-IRIS
	First author,year, [ref]
	Number of TB-IRIS cases
	Pulmonary
features
	Lymph node involvement
	Significant/large abscesses
	Neurological
involvement
	Other features report (n)

	Navas 2002 [35]
	6
	2 (33.3)
	4 (66.7)
	NR
	NR
	Fever (6)

	Narita 1998 [13]
	12
	3(25)
	12 (100)
	NR
	NR
	hectic fevers (9), 
Worsening cutaneous TB (1),
Peritoneal TB (1) 

	Breton 2004 [37]
	16
	2(12.5)
	12(75%)
	NR
	NR
	Fever(14) osteomyelitis/arthritis (3), parotitis(1), skin lesions (1), splenic involvement(4),ureteric compression(1), thromboembolic events, G.I involvement(3)

	Olalla 2001 [51]
	8
	1(12.5)
	6 (75)
	NR
	1(12.5)
	Fever (5), lymphocytic peritonitis(1)


	Shelburne 2005 [65]
	26
	9(34.5)
	19(73.1)
	NR
	1(3.8)
	Fever(2)

	Pedral-Sampaio 2005 [23]
	7
	NR
	6(85.7)
	NR
	NR
	NR

	Kumarasamy 2004 [25]
	11
	NR
	11(100)
	NR
	NR
	NR

	Limmahakhun 2012 [39]
	8
	2(25)
	4(50.0)
	NR
	3(37.5)
	

	Lawn 2007 [14]
	19
	9(47.4)
	4(21)
	NR
	NR
	TB terminal leitis,perforation&peritonitis(1), tuberculousarthropathy of left hallux (1), disseminateds TB (intraabd, pulmonary& bone marrow (2)

	First author,year, [ref]
	Number of TB-IRIS cases
	Pulmonary
features
	Lymph node involvement
	Significant/large abscesses
	Neurological
involvement
	Other features report (n)

	Manosuthi 2006 [46]
	21
	NR
	11(52.4)
	NR
	1(4.8)
	Fever(14) abdominal pain(4)

	Van Oosterhout 2007 [68]
	9
	2(22.2)
	3(33.3)
	NR
	2(22.2)
	Exudative ascites with strands(1), pericarditis(1),

	Naidoo 2012 [15]
	80
	59(73.8)
	18(22.5)
	NR
	NR
	Fever(2)

	Tieu 2009 [45]
	22
	8(36.4)
	16 (72.7)
	NR
	NR
	Fever (13), 
abdominal pain (4)

	Manosuthi 2009 [44]
	22
	8(36)
	16 (73)
	NR
	4(18)
	Fever(13),abdominal pain(4)

	Baalwa 2008 [42]
	13
	6(46.2)
	5(38.5)
	None
	None
	Abdominal pain (3)

	Meintjes 2008[9]
	10
	4(40)
	3(30)
	NR
	2(20)
	Hepatomegaly tarchycardia(1), hepatic enlargement, LFT derangement, necrotising liver granuloma(1), anemia(1)

	Agarwal 2012 [53]
	13
	3(23)
	6 (46.2)
	NR
	4(30.8)
	Recurrence of fever (2). 

	Sharma 2010 [31]
	18
	7(38.9)
	11(61.1)
	1(6)
	2(11)
	Fever(12) 

	Laureillard 2013[29]


	155
	55(35.5)
	120(77.4)
	NR
	8(5.2)
	Fever(106), abdominal pain(44), hepatomegaly (16), ascites (15)

	First author,year, [ref]
	Number of TB-IRIS cases
	Pulmonary
features
	Lymph node involvement
	Significant/large abscesses
	Neurological
involvement
	Other features report (n)

	Luetkemeyer 2014 [24]
	61
	21(34.4)
	36(59)
	NR
	4(6.6)
	Radiographic TB features(25), serositis(5), constitutional symptoms(33), 

	Worodria 2012 [41]
	53
	13(25)
	28 (53)
	3(6)
	NR
	Worsening abd ultrasound findings	(16), Other focal tissue swelling (2),TB ascites (3), 
TB pericarditis (1),
Fever (45), Weight loss (30), 
Night sweats (26), cough (36), 
Dyspnea (29), stridor (1),
Peritonitis (9), 
Abdominal pain & lymphadenopathy (8), 
Abdominal pain & hepatomegaly (6),
Abdominal pain & splenomegaly 	(3)

	Karmakar 2011 [30]
	5
	1(20)
	4 (80.0)
	NR
	NR
	NR

	Dibyendu 2011 [38]
	18
	1(5.6)
	10 (55.6)
	NR
	NR
	Fever (7)

	Marais 2013 [47]

	16
	NR
	NR
	NR
	16(100)
	NR

	Narendran 2013  [12]
	26
	23(88.5)
	23 (88.5)
	NR
	5(19.2)
	Fever (25)


	Manosuthi 2012 [28]
	41
	16(39)
	11(36.8)
	NR
	1(2.4)
	Worsening colitis(1)

	van der Plas 2013 [50]
	47
	NR
	NR
	NR
	6(12.8)
	Cardiac tamponade(1)


NR Not reportedTB=Tuberculosis
The following studies did not report any of the above manifestations of paradoxical TB-IRIS or did not report manifestations in a format that could be included in this table: Puljiz 2006 [66] Kumarasamy 2013 [33], Eshun-Wilson 2010[32], Tansuphasawadikul 2007, Haddow 2012[75], [41], Lorent 2011 [73], Bonnet 2013 [27], Breen 2004 [40], Burman 2007 [34], Serra 2007 [52], Michailidis 2005 [64], Letang 2011 [72].

Supplementary Figure 3a: Patients with paradoxical TB-IRIS who were hospitalized

[image: ]
Heterogeneity chi-squared =  20.04 (d.f. = 12) p = 0.066
I-squared (variation in ES attributable to heterogeneity) =  40.1%




Supplementary Figure 3b: Patients with paradoxical TBIRIS who required therapeutic procedures

[image: ]

Legend:
Heterogeneity chi-squared = 91.17 (d.f. = 9) p = 0.000
I-squared (variation in ES attributable to heterogeneity) = 90.1%
This meta-analysis was performed using STATA version 11. It was not possible to include a numerator of 0 for a particular study, thus a value of 0.5 therapeutic procedures (the lowest possible value that could be entered for the numerator) was entered for Dibyendu 2011 where it was reported that no TB-IRIS patients had therapeutic procedures. 




Supplementary Figure 4a: Patients with paradoxical TBIRIS treated with NSAID

[image: ]

Legend:
Heterogeneity chi-squared = 361.77 (d.f. = 9) p = 0.000
 I-squared (variation in ES attributable to heterogeneity) = 97.5%
This meta-analysis included only studies that reported on NSAID use. It was performed using STATA version 11. It was not possible to include a numerator of 0 for a particular study, thus a value of 0.5 patients receiving NSAIDS (the lowest possible value that could be entered for the numerator) was entered for Dibyendu 2011 and Limmahakhun 2012 where it was reported that no TB-IRIS patients were treated with NSAIDS.In addition, it was not possible to enter a value of 100%, thus a value of 96% was entered for Narendran 2013 where all TB-IRIS cases were treated with NSAIDS initially.





Supplementary Figure 4b: Patients with paradoxical TBIRIS who were treated with corticosteroids

[image: ]
Legend:
Heterogeneity chi-squared = 327.65 (d.f. = 22) p = 0.000
I-squared (variation in ES attributable to heterogeneity) =  93.3%
This meta-analysis included only studies that reported on corticosteroid use. It was performed using STATA version 11. It was not possible to include a numerator of 0 for a particular study, thus a value of 0.5 patients receiving corticosteroids (the lowest possible value that could be entered for the numerator) was entered for Karmakar 2011and Limmahakhun 2012 where it was reported that no TB-IRIS patients were treated with corticosteroids.  




Supplementary Figure 4c: Patients with paradoxical TB-IRIS who interrupted treatment

[image: ]

Legend:
Heterogeneity chi-squared =  29.70 (d.f. = 15) p = 0.013
I-squared (variation in ES attributable to heterogeneity) =  49.5%
This meta-analysis was performed using STATA version 11. It was not possible to include a numerator of 0 for a particular study, thus a value of 0.5 ART interruptions (the lowest possible value that could be entered for the numerator) was entered for those studies where it was reported that nopatientsinterrupted ART for TB-IRIS. This applied to Agarwal 2012, Dibyendu 2011, Kumarasamy 2004, Kumarasamy 2013, Lawn 2007, Letang 2011, Limmahakhun 2012, Narendran 2013, Olalla 2001, Van Oosterhout 2007, Worodria 2012 (all studies where the investigators reported no interruptions for TB-IRIS).



SupplementaryTable.3: Treatment and outcomes of paradoxical TB-IRIS
	First author, year, [ref]
	Number of IRIS cases
	Number treated with steroids (%)
	Number 
Treated with NSAID
	Number in whom ART was interrupted (%)
	Number who had therapeutic procedure (%)
	Number of TB-IRIS hospitalized (%)
	Number of TB-IRIS cases who died (%) 
	Number of deaths attributed to TB-IRIS (%)

	Narita 1998 [13]
	12
	NR
	2 (16.7)
	1 (8.3)
	NR
	NR
	NR
	NR

	Olalla 2001[51]
	8
	 2 (25)
	2 (25)
	None
	NR
	NR
	1 (12.5)
	None

	Navas 2002 [35]
	6
	2(33.3)
	NR
	4 (66.7)
	NR
	NR
	NR
	NR

	Breton 2004 [37]
	16
	6(37.5)
	2(12.5)
	7(43.8)
	1(6.3){surgery}
	NR
	NR
	NR

	Kumarasamy 2004 [25]
	11
	6 (54.5)
	5 (45.5)
	None
	1 {lymph node aspiration}
	NR
	NR
	NR

	Manosuthi 2006 [46]
	21
	11(52.4)
	NR
	NR
	NR
	2(9.5)
	2(9.5)
	2(9.5 )

	Burman 2007 [34]
	19
	NRc
	NR
	NR
	NRc
	NRc
	NR
	1(5.3) 

	Serra 2007 [52]
	6
	NRc
	NRc
	NR
	NR
	NRc
	None 
	None

	Lawn 2007 [14]
	19
	2(10.5)
	NR
	None
	1(5.3)
{laparotomy}
	4(21)
	2(10.5)
	2(10.5)

	Tansuphasawadikul 2007 [36]
	15
	6 (40)
	NR
	NR
	NR
	NR
	None
	None 

	van Oosterhout 2007 [68]
	8
	6(75)
	NR
	None
	NR
	NR
	NR
	None

	Tieu 2009 [45]
	22
	14 (63.6)
	3 (13.6)
	NR
	17(77.3)
	NR
	None
	None

	Manosuthi 2009 [44]

	22
	NR
	NR
	NR
	NR
	NR
	NR
	None

	
First author, year, [ref]
	Number of IRIS cases
	Number treated with steroids (%)
	Number 
Treated with NSAID
	Number in whom ART was interrupted (%)
	Number who had therapeutic procedure (%)
	Number of TB-IRIS hospitalized (%)
	Number of TB-IRIS cases who died (%) 
	Number of deaths attributed to TB-IRIS (%)

	Eshun-Wilson 2010 [32]
	35
	13 (37.1)
	NR
	NR
	NR
	8 (22.9)
	1 (2.9)
	1(2.9)

	Sharma 2010 [31]
	18
	NR
	NR
	NR
	1(5.6)
	5(27.8)
	NR
	None 

	Ali,K  2012 [74]
	11
	NR
	NR
	NR
	NR
	NR
	5(45)
	NR

	Letang 2011[72]
	8
	NR
	NR
	None
	NR
	NR
	NR
	NR

	Karmakar 2011 [30]
	5
	None
	NR
	NR
	2 {cervical cold abscess aspirations}
	3 (60.0)
	None
	None

	Dibyendu 2011 [38]
	18
	5 (27.8%)
{ivi hydrocortisone}
	None
	None
	None
	5 (27.8)
	2 (11.1)
	2(11.1)

	Limmahakhun 2012 [39]
	8
	None
	None
	None
	NR
	NR
	None
	None

	Naidoo 2012 [15]
	80
	8(10)
	NR
	NR
	NR
	23(28.8)
	NR
	2(2.5)

	Haddow 2012 [75]
	14
	NR
	NR
	NR
	NR
	2(14.3)
	NR
	1(7.1)a

	Agarwal 2012 [53]
	13
	9 (69.2)
	3 (23.1)
	None
	1 (7.7) {surgical drainage of lymph node abscess}
	7 (53.8)
	5 (38.5)
	5 (38.5)


	Worodria 2012 [41]
	53
	4 (7.5)
	NR
	None
	NR
	12 (22.6)
	5 (9.4)
	None

	Manosuthi 2012 [28]
	41
	32(78)
	NR
	NR
	NR
	14(34.2)
	NR
	1 (2.4)

	
First author, year, [ref]
	Number of IRIS cases
	Number treated with steroids (%)
	Number 
Treated with NSAID
	Number in whom ART was interrupted (%)
	Number who had therapeutic procedure (%)
	Number of TB-IRIS hospitalized (%)
	Number of TB-IRIS cases who died (%) 
	Number of deaths attributed to TB-IRIS (%)

	Kumarasamy 2013 [33]
	95
	NR
	NR
	None
	NR
	NR
	None
	None

	Laureillard 2013 [29]
	155
	23(14.8)
	55(35.5)
	NR
	NR
	NR
	23(14.8)
	6(3.9)

	Marais
 2013 [47]
	16
	13(81.3)
	NR
	1(6.3) brainstem lesion
	NR
	NR
	4(25)
	2(12.5)

	Narendran 2013 [12]
	26
	21 (80.8)
	26 (100)
	None
	NR
	NR
	2 (7.7)
	2 (7.7)

	van der Plas 2013 [50]
	47
	7 (14.9)
	NR
	NR
	1 (2.10.89)
	NR
	None
	None

	Bonnet 2013 [27]
	53
	3 (5.7)
	NR
	NR
	NR
	9 (17)
	NR
	5 (9.4)

	Luetkemeyer 2014 [24]
	61
	33(54.1)
	NR
	3(4.9)
	21(34.4)
	19(31.1)
	NR
	None


NR Not reported
Haddow 2012 attributable cause of death reported as paradoxical TB-IRIS/cryptococosis 1(7.1)a
NRc Not reported separate for paradoxical TB-IRIS
The following studies did not report any treatment options or any of above outcomes: or did not report these in a format that could be fitted in this table:
 Pedral-Sampaio 2004 [23], Meintjes 2008 [9] , Lorent 2011 [73], Baalwa 2008[42] Breen 2004 [40], Shelburne 2005 [65], Michailidis 2005 [64], Puljiz 2006 .[66] .
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