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Abstract

Background: In this study, we aimed to describe the prevalence, clinical presentation and risk factors of
paradoxical tuberculosis-associated immune reconstitution inflammatory syndrome (TB-IRIS) cases in China.

Methods: We performed a descriptive analysis of demographic and clinical data of HIV/TB coinfected patients
receiving ART at Beijing Ditan Hospital between January 2014 and October 2018.
Results: Of 199 patients included, 45 (22.6%) developed paradoxical TB-IRIS, and 19 (9.5%) TB-IRIS cases presented

miliary TB. The pre-ART CD4 count lower than 50 cells/mm? was found to be significantly associated with
development of TB-IRIS. Similarly, patients with higher than 4-fold increase in CD4 cell count after antiretroviral

therapy (ART) had significantly higher odds of having TB-IRIS. When patients aged 25-44 years were utilized as the
control group, youths (< 25 years old) were more likely to have miliary TB. No significant difference was observed in
the intervals from initiation of ART to IRIS presentation between miliary and non-miliary group.

Conclusions: In conclusion, our data demonstrate that approximate one quarter of patients coinfected with TB and
HIV develop paradoxical TB-IRIS after initial of ART therapy in China. Lower baseline CD4 count and rapid increase in

CD4 count are the major risk factors associated with the occurrence of paradoxical TB-IRIS.
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Background

Tuberculosis (TB) remains the most common opportunistic
pathogen in human immunodeficiency virus (HIV)-infected
patients [1, 2] As the leading causes of death among people
with HIV, an estimated 0.3 million HIV-infected cases died
from TB in 2017 [2]. Antiretroviral therapy (ART) is an
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essential intervention to improve survival in patients with
advanced HIV/TB [3] However, this strategy also increase
risk for worsening tuberculosis symptoms or development
of new tuberculosis symptoms despite virological efficacy.
This clinical condition is known as TB-associated im-
mune reconstitution inflammatory syndrome (TB-IRIS)
[3]. It often emerges shortly after ART initiation, and is
characterized by a transient but sometimes severe local
and systemic inflammatory response [1], majorly reflecting
an exaggerated immune response to Mycobacterium
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tuberculosis antigens during the reconstitution of compro-
mised immune system [4, 5].

IRIS is characterized by a transient but sometimes severe
local and systemic inflammatory response directed against
a known condition (e.g., opportunistic pathogens or auto-
immune diseases) in HIV-1 infected patients shortly after
ART initiation. In HIV-infected patients, rates of TB-IRIS
range between 8 and 54%, and the occurrence of this severe
form of TB is associated with dramatically increased
mortality. With the proposed widespread use of early ART
in HIV/TB coinfected patients, the incidence of TB-IRIS
will likely rise [6].

Although the underlying immunological mechanisms
of TB-RIIS are incompletely understood, a few clinical
studies have demonstrated that risk factors for the devel-
opment of TB-IRIS include low pre-ART CD4+ T cell
counts, stronger CD4+ T cell increase after ART and
short interval between starting antituberculous therapy
and ART [7, 8], while the other studies did not find the
relationship between these risk factors and developing
IRIS [9]. These contradictory results indicate that the
small sample size of previous studies may negatively
affect the generalization of these conclusions among dif-
ferent populations.

China is currently undergoing a serious TB epidemic,
with an estimated 0.89 million of incidence cases in
2017 [2]. In 2018, there were an estimated 18,000 TB
patients and 2400 TB deaths among HIV-positive people
in this country [2]. An alarming public health threat has
emerged with the concomitant epidemics of HIV and
TB in past decades, especially in sex workers, intraven-
ous drug users, and former plasma donors, thereby
directly leading to an increasing incidence of TB-IRIS.
To date, no specific diagnostic test is available to
confirm IRIS diagnosis. Thus, evaluating the risk factors
associated with developing IRIS could be an alternative
to identify patients at risk for developing TB-IRIS.
Unfortunately, little is known about incidence and
clinical risk factors of TB-IRIS among patients initiating
ART in China. To address this concern, we aimed to
describe the prevalence, clinical presentation and risk
factors of paradoxical TB-IRIS cases in China. A second-
ary objective was to determine factors associated with an
increased risk of miliary TB among paradoxical TB-IRIS
cases.

Methods

Patients

We performed a retrospective analysis of demographic
and clinical data of HIV/TB coinfected patients receiving
ART at Beijing Ditan Hospital between January 2014
and October 2018. Beijing Ditan Hospital, designated a
National Quality Control Centre on Infectious Diseases,
is a 1158-bed general hospital that delivers specialized
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treatment for patients infected with HIV, hepatitis virus
and other infectious diseases, except for TB, whereas the
patients coinfected with HIV and TB were referred to this
hospital for treatment of TB and HIV meanwhile. This
hospital provides a tertiary care service for HIV-infected
patients from Beijing Municipality and surrounding
regions. Patients were clinically assessed, and had a com-
puterized tomography (CT) scan, routine blood counts,
biochemical tests, urinalysis, CD4 count, HIV RNA load
and tuberculosis-specific interferon-gamma release assay
(IGRA) at initial visit. After the primary treatment,
radiological examination and routine laboratory tests were
performed at completion of 2, 4, 8, 16 weeks, and then
every 3months of treatment, or after onset of progres-
sively clinical TB symptoms for patients coinfected with
HIV/TB. The study inclusion criteria were: i. adult aged
>18 years; ii. confirmed HIV infection; iii. Patients receiv-
ing ART; iv. patients with positive tuberculosis-specific
IGRA test irrespective of clinical presentation of TB
disease. Exclusion criteria were: i. pregnant patients; ii.
those on immunomodulatory agents; iii. Patients infected
with RIF-resistant tuberculosis.

Case definitions

Bacteriogically confirmed TB cases were defined as disease
proven by isolation of Mycobacterium tuberculosis, and/or
positive histopathological evidence. Clinically diagnosed TB
cases were defined as those with a suggestive chest radio-
graph, having clinical symptoms together with an appropri-
ate response to anti-TB treatment. Paradoxical TB-IRIS
was defined as worsening clinical tuberculosis symptoms
and/or worsening radiological features of tuberculosis at
any time after ART initiation. Each suspected case of para-
doxical TB-IRIS reviewed by two members of the clinical
coordination team. Miliary tuberculosis was defined as the
presence of military nodules on thoracic radiologic imaging
in patients who presented with clinical symptoms suggest-
ive of tuberculosis such as prolonged fever, night sweats,
anorexia and weight loss.

Data collection and analysis

Demographic and clinical data were collected from
electronic patient record system, including gender, age
group, CD4 count and HIV RNA load. For patients with
TB-IRIS, CD4 count and HIV RNA load were obtained
at baseline and at the onset of TB-IRIS, respectively. For
patients without TB-IRIS, these laboratory data were
obtained at baseline and 3 months post-ART initiation,
respectively. The patients were classified into three
groups on the basis of baseline CD4 T lymphocyte cell
levels as previously described [10]. In primary univariate
logistic regression, patients with TB-IRIS were compared
to patients without TB-IRIS as controls. Multivariable
logistic regression models were built by using forward



Xue et al. BMC Infectious Diseases (2020) 20:554

stepwise logistic regression procedures with the inclu-
sion of variables with P<0.1 in the univariate analysis.
The difference was declared as significant if a P value
was less than 0.05. All statistical analyses were per-
formed using SPSS 20.0 software (SPSS Inc., Chicago,
Illinois, USA).

Results

Patient enrolment

Between January 2014 and October 2018, a total of 199
patients coinfected with TB and HIV, who were given
combination antiretroviral therapy, were included in this
study (Fig. 1). 174 (87.4%, 174/199) started a combin-
ation of tenofovir, lamivudine and efavirenz, while the
other 25(12.6%, 25/199) were treated with a combination
of tenofovir, lamivudine and lopinavir/ritonavir. Of these
199 patients, 45 (22.6%, 45/199) developed paradoxical
TB-IRIS. In addition, 19 (9.5%, 19/199) TB-IRIS cases
presented miliary TB.

Risk factors of TB-IRIS

In the multivariate analysis, the patients aged 45-65 years
had lower odds of developing TB-IRIS than patients aged
25-44 years [adjusted odds ratio (aOR): 0.355, 95% confi-
dence interval (CI): 0.127-0.993]. Similarly, patients with
higher than 4-fold increase in CD4 cell count after ART
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had significantly higher odds of having TB-IRIS (aOR:
2.614, 95% CI: 1.288-5.303) (Table 1).

Risk factors of miliary TB among TB-IRIS cases

A total of 19 patients met the criteria for miliary TB. As
shown in Fig. 2, a man was diagnosed as lymphatic
tuberculosis at the time of HIV diagnosis. No obvious
abnormal findings were recorded in the lung fields. After
28 days of ART, he had worsening lymph node enlarge-
ment and military infiltration of the lungs. We further
analysed the risk factors of miliary TB among TB-IRIS
cases. The distribution of miliary TB among TB-IRIS
cases differed among different age groups. When pa-
tients aged 25-44 years were utilized as the control
group, youths (< 25years old) were more likely to have
miliary TB (OR: 8.167, 95% CI: 1.412-47.221). In
contrast, sex, pre-ART CD4 count and HIV virial load
had no significant influence on the prevalence of miliary
TB (P > 0.05) (Table 2).

Intervals between ART and IRIS diagnosis

The intervals from initiation of ART to IRIS presenta-
tion were compared between miliary group and non-
miliary group. The mean interval for patients in miliary
group was 43.7 7.3 days, ranging from 5 to 103 days,
while that for patients in non-miliary group was 35.0 +

-
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Antiretroviral therapy
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A4

vV

154 patients (77.4%)
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y
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with miliary TB

Fig. 1 Enrolment of patients
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Table 1 Multivariate analysis of the characteristics associated with the presence of TB-IRIS

Characteristics TB-IRIS (45) Non-TB-IRIS (154) Total (199) Crude ORP P value Adjusted OR® P value
N (%) N (%) N (%) (95% ClI) (95% Cl)
Gender
Male 42 (933) 146 (94.8) 188 (94.5) 1 Ref.
Female 3(6.7) 8(5.2) 11 (5.5) 1.304 (0.331-5.133) 0.705

Age group (years)

<25 9 (20.0) 16 (10.4) 25 (126) 1.744 (0.699-4.351) 0233 2,024 (0.786-5.212) 0.144
25-44 30 (66.7) 93 (604) 123 (61.8) 1 Ref. 1 Ref.
45-64 5(1.1) 42 (27.3) 47 (23.6) 0.369 (0.134-1.018) 0.054 0.355 (0.127-0.993) 0.049
> 64 122 3(1.9) 4 (2.0) 1.033 (0.104-10.310) 0978 1.603 (0.156-16.479) 0.692
Initial CD4 cell
count (cells/mm?3)
> 100 2 (44) 24 (15.6) 26 (13.1) 1 Ref.
50-100 3(6.7) 25(16.2) 28 (14.1) 1440 (0.221-9.388) 0.703
<50 40 (88.9) 105 (68.2) 145 (72.9) 4.571 (1.033-20.238) 0.045

CD4 cell count after
ART (cells/mm?3)

> 100 21 (46.7) 71 (46.1) 92 (46.2) 1 Ref.
50-100 16 (35.6) 42 (27.3) 58 (29.1) 1.288 (0.606-2.738) 0511
<50 8(17.8) 41 (26.6) 49 (24.6) 0.660 (0.268-1.623) 0.365
Increase in CD4
cell count
< 4 folds 21 (46.7) 103 (66.9) 124 (62.3) 1 Ref. 1 Ref.
>4 folds 24 (533) 51(33.1) 75 (37.7) 2308 (1.175-4.533) 0.015 2614 (1.288-5.303) 0.008
HIV virial load
(copies/mL)
<1000 copies 24 (53.3) 94 (61.0) 118 (59.3) 1 Ref.
> 1000 copies 21 (46.7) 60 (39.0) 81 (40.7) 1.371 (0.702-2.677) 0.356
HAART regimen®
First-line 38 (844) 136 (88.3) 174 (874) 1 Ref.
Second-line 7 (15.6) 18 (11.7) 25(126) 1.392 (0.541-3.578) 0493

“First-line regimen includes tenofovir, lamivudine and efavirenz; Second-line regimen includes tenofovir, lamivudine and lopinavir/ritonavir
POR, odds ratio; Cl, confidential interval
“The initial CD4 cell count is considered as a confounding variable of increase in CD4 cell count, which is removed in the multivariate analysis

Fig. 2 Contrast-enhanced CT images of an TB-IRIS patient experiencing paradoxical TB-IRIS. a. A man was diagnosed as lymphatic tuberculosis at
the time of HIV diagnosis. No obvious abnormal findings were recorded in the lung fields. b. ART was intiated after 14 days of anti-TB treatment.
After 28 days of ART, he had worsening lymph node enlargement and military infiltration of the lungs
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Table 2 Univariate analysis of the characteristics associated with miliary TB among TB-IRIS
Characteristics Miliary TB (19) N (%) Non-miliary TB (26) N (%) Total (45) N (%) Crude Or® (95% Cl) P value
Gender
Male 18 (94.7) 24(92.3) 42 (93.3) 1 Ref.
Female 1(5.3) 2(7.7) 3(6.7) 0.667 (0.056-7.937) 0.748
Age group (years)
<25 7 (36.8) 2(7.7) 9 (20.0) 8.167 (1.412-47.221) 0.019
25-44 9 (474) 21 (80.8) 30 (66.7) 1 Ref.
45-64 3(15.8) 2(7.7) 5011 3.500 (0.497-24.654) 0.208
> 64 0(0.0) 1(38) 122 - 1
Initial CD4 cell count
> 100 1(5.3) 138 2 (44) 1 Ref.
50-100 1(5.3) 2(7.7) 3(6.7) 0.500 (0.013-19.562) 0.711
<50 17 (89.5) 23 (885) 40 (88.9) 0.739 (0.043-12.674) 0.835
CD4 cell count after ART
>100 6 (31.6) 15 (57.7) 21 (46.7) 1 Ref.
50-100 8 (42.1) 8 (30.8) 16 (35.5) 2.500 (0.640-9.766) 0.188
<50 5(263) 3(11.5) 8(17.8) 4.167 (0.749-23.179) 0.103
Increase in CD4 cell count
< 4 folds 9 (474) 12 (46.2) 21 (46.7) 1 Ref.
24 folds 10 (52.6) 14 (53.8) 24 (53.3) 0.952 (0.291-3.117) 0.936
HIV virial load
<1000 copies 10 (52.6) 14 (53.8) 24 (53.3) 1 Ref.
> 1000 copies 9 (474) 12 (46.2) 21 (46.7) 1.050 (0.321-3.436) 0.936
HAART regimen®
First-line 15 (78.9) 23 (88.5) 38 (84.4) 1 Ref.
Second-line 4(21.1) 3(11.5) 7 (15.6) 2.044 (0.400-10457) 0.390

?First-line regimen includes tenofovir, lamivudine and efavirenz; Second-line regimen includes tenofovir, lamivudine and lopinavir/ritonavir

POR, odds ratio; Cl, confidential interval

4.3 days, ranging from 10 to 84 days. There was no
significant difference between two groups (P=0.08)
(Fig. 3).

Discussion

To our best knowledge, this is the first study to report
the prevalence and risk factors of paradoxical TB-IRIS in
China. Our data demonstrate that 22.6% of patients
coinfected with HIV and TB develop paradoxical TB-
IRIS in the Chinese population. The prevalence of para-
doxical TB-IRIS is similar to that in Ethiopia (22.4%)
[11] and that in Spain (24.3%) [12], although it is lower
than that in USA (36.4%) [13] and that in Croatia
(40.7%) [14], and higher than that in India (7.6%) [15]
and that in South Africa (11.2%) [16]. A recent meta-
analysis reveals that the pooled prevalence in Asian stud-
ies (15%) is significantly lower than that in European
studies (33%) [17], which is also lower than our result.
On one hand, the diversity in prevalence may be partly
explained by geographic region and study design [17]. In

most of studies from Europe, the less stringent criteria
were used to define TB-IRIS, thus the ascertainment bias
related to study design may be a major explanation for
the differences observed across studies [17]. On the
other hand, we hypothesize that the combination of un-
satisfactory quality and limited access to health care may
be contributed to the missed diagnosis of paradoxical
TB-IRIS, thus resulting in underestimation of its inci-
dence in Asia.

The major risk factors that are reported to increase
the risk of paradoxical TB-IRIS include low baseline
CD4 count and high baseline load [9, 18, 19] In consist-
ent to previous studies, our report also identified an
association between the occurrence of TB-IRIS and the
pre-ART CD4 count lower than 50 cells/mm?® In
addition, we found that a greater increase in CD4 count
presented a risk factor for the development of paradox-
ical TB-IRIS. Similar to our observation, a clinical trial
by Breton and colleagues reported that IRIS was associ-
ated with increases in the CD4 cell percentage after 1
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Fig. 3 Intervals between TB-IRIS diagnosis and the initial of ART. The mean intervals for non-miliary group and miliary group are 35.0 + 4.3 days
and 43.7 + 7.3 days, respectively. No significant difference is noted between two group (P = 0.08)
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month of antiretroviral therapy [20]. The change in CD4
count during early ART reflects rapid immunological
recovery among HIV-infected cases [17]. Although an
effective CD4 T cell response is essential to limit tuber-
cle bacilli throughout the body, it can also accelerate the
development of progressively destructive lesions in the
lesions [21]. The rapid increase in CD4 cell count pro-
vides better protection against opportunistic infections
in the HIV-infected persons. However, the activation of
CD4 cell response may represent a two-edged sword,
with a damage on the host mediated by an excessive or
inappropriate immune response [22]. Thus, our results
highlight the crucial importance of balance between
protection and immunopathology during the early ART
therapy. The moderate reconstruction of the immune
system will decrease the risk of paradoxical TB-IRIS via
monitoring CD4 T cells.

Miliary TB is a potentially lethal form of tuberculosis
resulting from haematogenous dissemination of M.
tuberculosis, accounting for 1-2% of patients with tuber-
culosis [23]. In this study, more than 40% of paradoxical
TB-IRIS cases developed miliary TB after initial ART
therapy. The extremely high incidence of miliary TB
supports the previous reports that the risk of developing
military TB is the greatest in patients with altered host
immunity, including HIV-infected patients and individ-
uals with immunosuppressive and immunomodulator
drugs [24]. In addition, we also found that patients
younger than 25 years of age were most likely to have
miliary TB among paradoxical TB-IRIS cases. In consistent

to our observation, Rieder et al. found that patients younger
than 15 or older than 65years of age had significantly
higher odds of having miliary TB [25]. The difference
remains largely unexplained, but it suggests that there may
be underlying immunological mechanism that contribute
the high incidence of miliary TB in this population.

This study is subject to some limitations. First, this
research only collected data from Beijing Ditan Hospital
rather than from multiple sites nationwide, which may
limit the relevant scope of our study. Second, as a retro-
spective study, the prevalence of paradoxical TB-IRIS
may be underestimated, as noted in a previous meta-
analysis [17] Third, the immunocompromised conditions
and comorbid diabetes and specially increase the risk for
severe form of TB [26, 27]. However, considering that
the HIV epidemic in China is attributed to men who
have sex with men among young adults [28], the low
incidence of comorbidities in the special population hin-
ders the interpretation of correlation between TB-IRIS
and underlying diseases. Finally, the patients enrolled in
this study did not complete the follow-up interview.
Thus we could not assess mortality associated with para-
doxical TB-IRIS. Despite these limitations, our results
firstly provide a snapshot of paradoxical TB-IRIS in
Chinese population.

Conclusion

In conclusion, this study describes the prevalence and
risk factors of paradoxical TB-IRIS in China. Our data
demonstrate that approximate one quarter of patients
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coinfected with TB and HIV develop paradoxical TB-
IRIS after initial of ART therapy. Lower baseline CD4
count and rapid increase in CD4 count are the major
risk factors associated with the occurrence of paradox-
ical TB-IRIS. In addition, patients younger than 25 years
of age are most likely to have miliary TB among para-
doxical TB-IRIS cases. Further studies are urgently
needed to elucidate the molecular mechanism under-
lying pathophysiology of paradoxical TB-IRIS.
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TB: Tuberculosis; TB-IRIS: TB-associated immune reconstitution inflammatory
syndrome

Acknowledgements
We would like to thank all the staffs participating this study from the
Beijing Ditan Hospital, Capital Medical University.

Authors’ contributions

BDC design of the work. MX, RMX and YP wrote the paper. SY, YND and CSG
contributed to data collection. YP analyzed the data. All authors approved
the final version to be submitted for consideration for publication.

Funding
This study was funded by the National Major Project (20182X10103001-004).

Availability of data and materials

The datasets generated and analyzed from the current study are not publicly
available at this time as further analyses are ongoing, but are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate

This study was approved by the Ethics Committee of Beijing Ditan Hospital,
Capital Medical University. This study used data collected from patient
records while maintaining patient anonymity. In view of no more than
minimal risk of harm to patient subjects, a waiver of patient informed
consent was approved by the institutional review board.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Radiology, Beijing Ditan Hospital, Capital Medical University,
No. 8, Jingshun East Street, Chaoyang District, Beijing 100015, P. R. China.
“National Clinical Laboratory on Tuberculosis, Beijing Chest Hospital, Capital
Medical University/Beijing Tuberculosis & Thoracic Tumor Research Institute,
Beijing 101149, P. R. China.

Received: 5 December 2019 Accepted: 3 July 2020
Published online: 31 July 2020

References

1. Lai RP, Meintjes G, Wilkinson RJ. HIV-1 tuberculosis-associated immune
reconstitution inflammatory syndrome. Semin Immunopathol. 2016;38:
185-98.

2. World Health Organization. Global Tuberculosis Report; 2019. p. 2019.

3. Gopal R, Rapaka RR, Kolls JK. Immune reconstitution inflammatory syndrome
associated with pulmonary pathogens. Eur Respir Rev. 2017;26;143:160042.

4. Bell LC, Breen R, Miller RF, Noursadeghi M, Lipman M. Paradoxical reactions
and immune reconstitution inflammatory syndrome in tuberculosis. Int J
Infect Dis. 2015;32:39-45.

5. Cevaal PM, Bekker LG, Hermans S. TB-IRIS pathogenesis and new strategies
for intervention: Insights from related inflammatory disorders. Tuberculosis
(Edinb). 2019;118:101863.

Page 7 of 7

6. Leone S, Nicastri E, Giglio S, Narciso P, Ippolito G, Acone N. Immune
reconstitution inflammatory syndrome associated with mycobacterium
tuberculosis infection: a systematic review. Int J Infect Dis. 2010;14:283-91.

7. de Sa NBR, Ribeiro-Alves M, da Silva TP, et al. Clinical and genetic
markers associated with tuberculosis, HIV-1 infection, and TB/HIV-
immune reconstitution inflammatory syndrome outcomes. BMC Infect
Dis. 2020;20:59.

8. Silva CAM, Graham B, Webb K; et al. A pilot metabolomics study of
tuberculosis immune reconstitution inflammatory syndrome. Int J Infect Dis.
2019;84:30-8.

9. Narendran G, Andrade BB, Porter BO, et al. Paradoxical tuberculosis immune
reconstitution inflammatory syndrome (TB-IRIS) in HIV patients with culture
confirmed pulmonary tuberculosis in India and the potential role of IL-6 in
prediction. PLoS One. 2013;8:€63541.

10.  Shah M, Variava E, Holmes CB, et al. Diagnostic accuracy of a urine
lipoarabinomannan test for tuberculosis in hospitalized patients in a high
HIV prevalence setting. J Acquir Immune Defic Syndr. 2009;52:145-51.

11, Ali K Klotz SA. The immune reconstitution inflammatory syndrome with
tuberculosis: a common problem in Ethiopian HIV-infected patients
beginning antiretroviral therapy. J Int Assoc Physicians AIDS Care (Chic).
2012;11:198-202.

12. Olalla J, Pulido F, Rubio R, et al. Paradoxical responses in a cohort of HIV-1-
infected patients with mycobacterial disease. Int J Tuberc Lung Dis. 2002;6:
71-5.

13. Narita M, Ashkin D, Hollender ES, Pitchenik AE. Paradoxical worsening of
tuberculosis following antiretroviral therapy in patients with AIDS. Am J
Respir Crit Care Med. 1998;158:157-61.

14.  Puljiz I, Begovac J. Tuberculosis in HIV-infected patients in Croatia between
1986 and 2005. Coll Antropol. 2006;30(Suppl 2):53-8.

15. Sharma SK, Dhooria S, Barwad P, et al. A study of TB-associated immune
reconstitution inflammatory syndrome using the consensus case-definition.
Indian J Med Res. 2010;131:804-8.

16. Eshun-Wilson |, Havers F, Nachega JB, et al. Evaluation of paradoxical TB-
associated IRIS with the use of standardized case definitions for resource-
limited settings. J Int Assoc Physicians AIDS Care (Chic). 2010;9:104-8.

17. Namale PE, Abdullahi LH, Fine S, Kamkuemah M, Wilkinson RJ, Meintjes G.
Paradoxical TB-IRIS in HIV-infected adults: a systematic review and meta-
analysis. Future Microbiol. 2015;10:1077-99.

18. Naidoo K, Yende-Zuma N, Padayatchi N, et al. The immune reconstitution
inflammatory syndrome after antiretroviral therapy initiation in patients with
tuberculosis: findings from the SAPIT trial. Ann Intern Med. 2012;157:313-24.

19. Laureillard D, Marcy O, Madec Y, et al. Paradoxical tuberculosis-associated
immune reconstitution inflammatory syndrome after early initiation of
antiretroviral therapy in a randomized clinical trial. AIDS. 2013,27:2577-86.

20. Breton G, Duval X, Estellat C, et al. Determinants of immune reconstitution
inflammatory syndrome in HIV type 1-infected patients with tuberculosis
after initiation of antiretroviral therapy. Clin Infect Dis. 2004;39:1709-12.

21. Orme IM, Robinson RT, Cooper AM. The balance between protective and
pathogenic immune responses in the TB-infected lung. Nat Immunol. 2015;
16:57-63.

22, Si-Tahar M, Touqui L, Chignard M. Innate immunity and inflammation—-two
facets of the same anti-infectious reaction. Clin Exp Immunol. 2009;156:194-8.

23. Pang Y, An J, Shu W, et al. Epidemiology of Extrapulmonary tuberculosis
among inpatients, China, 2008-2017. Emerg Infect Dis. 2019;25:457-64.

24.  Sharma SK, Mohan A, Sharma A, Mitra DK. Miliary tuberculosis: new insights
into an old disease. Lancet Infect Dis. 2005;5:415-30.

25. Rieder HL, Snider DE Jr, Cauthen GM. Extrapulmonary tuberculosis in the
United States. Am Rev Respir Dis. 1990;141:347-51.

26.  Duffy FJ, Weiner J 3rd, Hansen S, et al. Inmunometabolic signatures predict
risk of progression to active tuberculosis and disease outcome. Front
Immunol. 2019;10:527.

27. Dousa KM, Hamad A, Albirair M, et al. Impact of Diabetes Mellitus on the
Presentation and Response to Treatment of Adults With Pulmonary
Tuberculosis in Qatar. Open Forum Infect Dis. 2019;6:0fy335.

28. Tang S, Tang W, Meyers K, Chan P, Chen Z, Tucker JD. HIV epidemiology
and responses among men who have sex with men and transgender
individuals in China: a scoping review. BMC Infect Dis. 2016;16:588.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Case definitions
	Data collection and analysis

	Results
	Patient enrolment
	Risk factors of TB-IRIS
	Risk factors of miliary TB among TB-IRIS cases
	Intervals between ART and IRIS diagnosis

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

