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Backgrounds: Takayasu arteritis (TAK) is a chronic, granulomatous vasculitis correlated
with tuberculosis (TB). The two diseases share similar pathological characteristics and
clinical manifestations which increase the difficulty to diagnose. Active tuberculosis (ATB)
has implications for treatment strategies in TAK patients. Therefore, the investigation of
clinical features and potential risk factors of ATB in TAK patients is vital.

Methods: The study reviewed hospitalized patients diagnosed with TAK in our hospital
from 2008, to 2021. TAK patients with ATB were enrolled as the case group. The control
group was randomly selected in a 3:1 ratio. The clinical characteristics of TAK patients
with and without ATB were compared. Multivariate logistic regression analysis was
performed to determine risk factors for ATB in TAK patients.

Results:We reviewed 1,789 patients and ultimately identified 30 (1.7%) ATB cases. TAK
patients with ATB were more prone to develop symptoms including fever (p=0.001),
fatigue (p=0.003), cough (p=0.037), expectoration (p<0.001), weight loss (p=0.003), and
night sweating (p<0.001). Increased level of hypersensitive C reactive protein (hsCRP,
p=0.001), decreased level of albumin (p=0.031), and higher positive rate of T-SPOT.TB
test (p<0.001) were observed in the case group. Multivariate logistic regression analysis
revealed that hsCRP >8 mg/L (OR 9.108; 95% CI, 1.096–75.711; p=0.041) and positive
T-SPOT.TB result (OR 68.669; 95% CI, 7.291–646.738; p<0.001) were risk factors for
ATB in TAK patients. The proportion of patients undergoing subsequent surgery for
Takayasu arteritis was lower in patients with ATB (p<0.001).

Conclusion: Our study suggested that the diagnosis of ATB should be considered when
TAK patients experienced symptoms including fever, fatigue, weight loss, etc. hsCRP >8
mg/L and positive T-SPOT.TB result were identified as independent risk factors for ATB in
TAK patients.

Keywords: Takayasu arteritis, tuberculosis, risk factor (RF), hsCRP, T-SPOT.TB
org October 2021 | Volume 12 | Article 7493171

https://www.frontiersin.org/articles/10.3389/fimmu.2021.749317/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.749317/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.749317/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.749317/full
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:cyuexin2007@163.com
mailto:yuehongzheng@yahoo.com
https://doi.org/10.3389/fimmu.2021.749317
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2021.749317
https://www.frontiersin.org/journals/immunology
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2021.749317&domain=pdf&date_stamp=2021-10-29


Zhou et al. ATB Risk Factors in TAK
1 INTRODUCTION

Takayasu arteritis (TAK) is a chronic, granulomatous, large-
vessel vasculitis involving the aorta and its major branches. TAK
exhibits a predilection to occur in young women, comprising 75–
97% of the reported cases (1). The prevalence of TAK varies by
geographical location, which was estimated to be about 40 cases
per million in Asia, while only 5 cases per million in the UK
(2, 3).

It has been reported that TAK is correlated with tuberculosis
(TB), which is also a considerable disease burden worldwide (4).
Pathological characteristics of both diseases are granulomas and
caseous necrosis, and their constitutional symptoms overlap (5).
Most TAK patients require immunosuppressive treatment,
which could lead to the dissemination of TB in patients with
active tuberculosis (ATB). In turn, ATB may also contribute to
the formation of saccular aneurysms or pseudoaneurysms,
causing the deterioration of TAK patients (6). Moreover,
TAK patients with major blood vessel involvement may
require surgical intervention, while ATB is an absolute
contraindication for surgery. Hence, the early and accurate
recognition of ATB in TAK patients is essential for guidance
on subsequent medical or surgical treatments, but information
regarding this issue is still insufficient. Most of the studies were
case reports or retrospective study with limited sample size (7–9).
The studies with appreciable sample size focused on clinical
characteristics in patients with TAK with and without TB
infection, which did not distinguish ATB from other states of
TB infection: latent tuberculosis infection (LTBI) or previous
tuberculosis (PTB) (10, 11).

Moreover, to the best of our knowledge, there is no study
assessing risk factors for ATB in TAK patients. Therefore, a case-
control study was designed and conducted to investigate the
clinical features and to explore risk factors for ATB in TAK
patients, which could be helpful for the early recognition of
patients at high risk for ATB, as well as timely intervention.
2 METHODS

2.1 Participants
A retrospective review of the medical record of all hospitalized
patients diagnosed with TAK in Peking Union Medical College
Hospital (PUMCH) from January 1, 2008, to April 30, 2021, was
performed. The diagnosis of TAK was made using the American
College of Rheumatology 1990 criteria for the classification of
Takayasu arteritis (12). For patients who were suspected to be
infected with M. tuberculosis according to their clinical
manifestations, full laboratory tests were performed including,
but not limited to, serological tests (blood routine test,
biochemical indicators, T-SPOT.TB test, etc.), laboratory
etiological detections (blood and sputum culture, etc.), and
histological examinations (intestinal mucosal biopsy, etc.). The
diagnosis of ATB was comprehensively evaluated based on
clinical symptoms (such as fever, fatigue, cough, night sweating,
and weight loss), chest X-ray or computed tomography (CT),
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and laboratory examinations mentioned above with the help of
consultation by the experienced experts of infectious diseases
following the clinical practice guideline developed by the
department of infectious diseases of Peking Union Medical
College Hospital. The guideline was established and modified
based on the “Diagnostic Standards and Classification of
Tuberculosis in Adults and Children” published in 2000 by the
Council of the Infectious Disease Society of America as shown in
Table S1 (13). The patients in the control group were extracted
by random sampling technique from the remaining TAK
patients without ATB, which was confirmed by a follow-up
period starting at the first admission for TAK and ending at the
date of the latest medical record.

2.2 Data Collection
The demographic features, past medical history, NUMANO
classification of TAK, involved vessels, previous medications of
TAK, clinical symptoms, and laboratory test results were
collected and analyzed (14). Data regarding subsequent
surgical interventions of TAK were collected during the follow-
up period. The flowchart of the study is shown in Figure 1.

2.3 Ethic Review
This study complied with the Declaration of Helsinki and was
approved by the Ethics Committee of PUMCH (ethics approval
number: S-715). Informed consent was obtained from all
patients enrolled.
FIGURE 1 | Flow chart of the study. TAK, Takayasu arteritis; PUMCH,
Peking Union Medical College Hospital; ATB, active tuberculosis; LTBI, latent
tuberculosis infection; PTB, previous tuberculosis.
October 2021 | Volume 12 | Article 749317
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2.4 Statistical Analyses
Continuous variables with normal distribution were described as
mean ± standard deviation (SD), and those with non-
normal distribution were presented as median and
interquartile range (IQR) or median and range. Categorical
variables were described as absolute value and percentages.
Comparisons of continuous variables were performed with
Student’s t-test or Mann–Whitney U-test, as appropriate.
Categorical variables were compared by chi-square test or
Fisher exact test, as appropriate. Basic demographic data and
laboratory indices with P value < 0.10 between two groups were
included in univariate logistic regression analysis. In the analysis,
the lower or upper limit of the laboratory indices of our medical
center was utilized to convert continuous variables into
categorical variables with two groups. Variables with P value <
0.10 in univariate analysis were further included in multivariate
analysis. All data analyses were performed using SPSS 25.0 for
windows (SPSS institute, Chicago, IL, USA), and P value < 0.05
was considered statistically significant.
3 RESULTS

3.1 General Data
Of a total of 120 TAK patients enrolled in this study, 93 (77.5%)
patients were female. The median age of the patients was 27.0
years (range, 4.0 to 62.0 years) with a median disease duration of
10.5 (3.0, 36.0) months before admission. According to
angiographic findings, 24 (20.0%), 10 (8.3%), 11 (9.2%), 5
(4.2%), 15 (12.5%), and 55 (45.8%) patients were classified as
NUMANO type I, IIa, IIb, III, IV, and V, respectively. Thirty
(25.0%) of included patients were confirmed with the diagnosis
of ATB during the disease course of TAK, while the remaining 90
patients (75.0%) without ATB were categorized into the control
group with a median follow-up period of 21.3 (5.8, 42.7) months.
Detailed involved arteries are shown in Table S2.

3.2 Clinical Comparisons of TAK Patients
With and Without ATB
3.2.1 Patient Characteristics
Basic demographic data including age, sex, body mass index
(BMI), and residential location did not differ significantly
between two groups (Table 1). Patients with ATB had shorter
disease course [6 (2, 12) vs. 12 (4, 36), p=0.013] compared with
patients without ATB. In addition, there were no significant
differences in comorbidities and the NUMANO classification
between patients with and without ATB.

3.2.2 Previous Medications of TAK
In terms of treatment of TAK (Table 1), 12 (40.0%) patients with
ATB and 50 (55.6%) patients without ATB were previously
treated with glucocorticoid. Patients with ATB underwent
shorter duration of glucocorticoid treatment [1.5 (0.5, 7.8) vs.
6.5 (2.0, 19.5), p=0.017]. Additionally, patients without ATB
were more likely to receive the immunosuppressant treatment
(36.7 vs. 16.7%, p=0.041).
Frontiers in Immunology | www.frontiersin.org 3
3.2.3 Symptoms and Signs
TAK-related symptoms or signs did not exhibit significant
difference between patients with and without ATB (Table 2).
However, TAK patients with ATB were more prone to develop
symptoms including fever (63.3 vs. 28.9%, p=0.001), fatigue (40.0
vs. 14.4%, p=0.003), cough (30.0 vs. 13.3%, p=0.037),
expectoration (33.3 vs. 4.4%, p<0.001), weight loss (20.0 vs.
2.2%, p=0.003), and night sweating (60.0 vs. 16.7%, p<0.001).

3.2.4 Laboratory Tests
Compared with patients without ATB, ATB patients had
increased level of hypersensitive C reactive protein [hsCRP,
19.19 (5.97, 115.34) vs. 3.19 (0.86, 25.13) mg/L, p=0.001],
decreased level of albumin [38.5 (34.5, 42.3) vs. 40.5 (38.0,
43.0), p=0.031], and higher positive rate of T-SPOT.TB test
(62.5 vs. 7.3%, p<0.001) (Table 2). The remaining laboratory
results revealed no significant difference between the two groups.

3.3 Risk Factors Correlated With ATB in
TAK Patients
In the univariate analysis (Table 3), hsCRP >8 mg/L (OR 3.131;
95% CI, 1.326–7.390; p=0.009) and positive T-SPOT.TB (OR
21.111; 95% CI, 5.018–88.822; p<0.001) were significantly
correlated with the development of ATB in TAK patients. In
the multivariate analysis, which included clinical variables with
P value <0.10 in the univariate analysis, hsCRP >8 mg/L (OR
9.108; 95% CI, 1.096–75.711; p=0.041) and positive T-SPOT.TB
(OR 68.669; 95% CI, 7.291–646.738; p<0.001) remained
significantly correlated with the development of ATB.

3.4 Subsequent Surgical Interventions
of TAK
The proportion of patients undergoing subsequent surgery for
Takayasu arteritis was lower in patients with ATB (16.7 vs.
53.3%, p<0.001). Angiography was also performed more
frequently in patients without ATB (6.7 vs. 27.8%, p=0.016)
during follow-up.
4 DISCUSSION

TAK has been noticed to be correlated with TB infection. We
performed the first well-designed case-control study to evaluate
the clinical features of TAK patients with ATB and to explore
potential risk factors for ATB in TAK patients. The results
indicated that ATB patients were more likely to develop
several systemic symptoms. Elevated hsCRP level and positive
T-SPOT.TB result were independent risk factors for ATB in TAK
patients. In addition, subsequent surgical interventions for TAK
patients might be hindered by ATB.

In the present study, participants of both groups were
composed mostly by young females, consistent with the
epidemiology of TAK (15, 16). TAK-related symptoms were
usually determined by the corresponding involved site. Blood
pressure could be elevated by the stenosis of renal artery and
aorta, while peripheral vascular stenosis often causes dizziness,
October 2021 | Volume 12 | Article 749317
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weak pulse, and blood pressure discrepancies between arms. As
the NUMANO classification results did not differ between
groups, patients with and without ATB shared similar TAK-
related symptom profiles, suggesting limited contribution to the
diagnosis of ATB by TAK-related symptoms. However, TAK
patients with ATB are more prone to experience systemic
symptoms including fever, fatigue, cough, expectorations, night
sweating, and weight loss. Therefore, TB infection should be
suspected and subsequent diagnostic tests should be performed
clinically when the above symptoms occur.

Laboratory results were also potential biomarkers for the
diagnosis of ATB in TAK patients. Compared with patients
without ATB, patients with ATB had an elevated level of hsCRP,
a declined level of albumin, and a higher positive rate of
T-SPOT.TB test, reflecting the inflammatory and wasting
nature of TB infection. By multivariate logistic regression
analysis, hsCRP >8 mg/L and positive T-SPOT.TB result were
further confirmed as independent risk factors for ATB in TAK
patients. C reactive protein (CRP), an acute-phase reactant
routinely tested on admission, reflects the innate immune
response to infection. One study based on people living with
HIV (PLWH) indicated that the hsCRP level could be utilized as a
possible screening tool for ATB with a sensitivity of 90% and a
specificity of 69% (17). Similar results were observed in other
Frontiers in Immunology | www.frontiersin.org 4
studies in which the combination of CRP and other biomarkers
showed superior performance for TB identification (18, 19).
However, a recent diagnostic accuracy study excluded the utility
of CRP as a TB triage test due to its low specificity (20). Therefore,
additional studies are still needed to assess the utility of CRP for
TB screening, especially in TAK patients. Positive T-SPOT.TB
was the other identified risk factor. T-SPOT.TB is an interferon-
gamma release assay (IGRA) based on the MTB-specific T cell
response with limited capability to differentiate LTBI and ATB
(21). Yet, recent studies suggested that T cell immune response in
ATB patients was significantly more vigorous, affirming the
differential diagnostic value of T-SPOT.TB (22, 23).

Moreover, we also observed a significant decrease in the
proportion of ATB patients undergoing subsequent surgery
during follow-up, which was in accordance with the result of a
previous large-sample retrospective study (11). The lower surgical
rate indicated that ATB might hinder the subsequent surgical
management of TAK patients. Surgical intervention was an
integral component in the treatment of TAK, and therefore early
recognition and management of patients with ATB could ensure
adequate and timely integrated treatment for TAK patients.

The present study has several limitations. First, the
retrospective nature and relatively small sample size might
introduce a risk of bias to our results. Second, our hospital is a
TABLE 1 | Patient characteristics and management of TAK patients with and without ATB.

Variables TAK with ATB (n = 30) TAK without ATB (n = 90) P value

Demographic characteristics
Sex (male, %) 9 (30.0%) 18 (20.0%) 0.313
Age (years, median, range) 24.0 (4.0–62.0) 27.5 (9.0–52.0) 0.861
BMI (kg/m2, mean ± SD) 20.43 ± 4.28 21.06 ± 4.29 0.491
Residential location (Urban, %) 11 (36.7%) 39 (43.3%) 0.521
Disease course before admission (months, median, IQR) 6 (2, 12) 12 (4, 36) 0.013

Comorbid diseases
Hypertension (%) 4 (13.3%) 4 (4.4%) 0.106
Diabetes mellitus (%) 1 (3.3%) 3 (3.3%) 1.000
Stroke (%) 0 (0.0%) 1 (1.1%) 1.000
Angina (%) 1 (3.3%) 1 (1.1%) 0.439
Renal dysfunction (%) 1 (3.3%) 1 (1.1%) 0.439
Heart failure (%) 0 (0.0%) 2 (2.2%) 1.000
Hepatitis B infection (%) 0 (0.0%) 2 (2.2%) 1.000
Hyperlipidemia (%) 1 (3.3%) 3 (3.3%) 1.000

NUMANO classification
I (%) 4 (13.3%) 20 (22.2%) 0.290
IIa (%) 3 (10.0%) 7 (7.8%)
IIb (%) 1 (3.3%) 10 (11.1%)
III (%) 3 (10.0%) 2 (2.2%)
IV (%) 3 (10.0%) 12 (13.3%)
V (%) 16 (53.3%) 39 (43.3%)

Previous medications of TAK
Use of glucocorticoid (%)a 12 (13.3%) 50 (13.3%) 0.671
Maximal dosage (mg, median, IQR) 35 (20, 50) 30 (40, 50) 0.391
Duration (months, median, IQR) 1.5 (0.5, 7.8) 6.5 (2.0, 19.5) 0.017
Use of immunosuppressant (%) 5 (16.7%) 33 (36.7%) 0.041

Subsequent surgical interventions of TAK
Surgery treatment (%) 5 (16.7%) 48 (53.5%) <0.001
Dilatation (%) 1 (3.3%) 16 (17.8%) 0.068
Stent implantation (%) 2 (6.7%) 7 (7.8%) 1.000
Angiography (%) 2 (6.7%) 25 (27.8%) 0.016
October 2021 | Volume 12 | Article
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national referral center for complicated cases which guaranteed the
accuracy of diagnosis and quality of treatment but could induce a
potential selection bias at the same time. Third, the diagnosis of
ATB in our study was acquired by comprehensive clinical
evaluations from experienced experts of infectious diseases, and
most of the patients were clinically diagnosed without
microbiological evidence. However, several studies have suggested
thatmicrobiological examinationsmight be not that reliable as well
(24, 25).
Frontiers in Immunology | www.frontiersin.org 5
In conclusion, we reported the first case-control study to
investigate potential risk factors for ATB in TAK patients. Our
study revealed that the diagnosis of ATB should be considered
when TAK patients experience systemic symptoms including
fever, fatigue, cough, expectorations, night sweating, and weight
loss. Moreover, hsCRP >8 mg/L and positive T-SPOT.TB result
were identified as independent risk factors for ATB in TAK
patients. Further prospective studies are warranted to verify
our findings.
TABLE 2 | Clinical presentation and laboratory results of TAK patients with and without ATB.

Variables TAK with ATB (n = 30) TAK without ATB (n = 90) P value

Systemic symptoms
Fever (%) 19 (63.3%) 26 (28.9%) 0.001
Fatigue (%) 12 (40.0%) 13 (14.4%) 0.003
Cough (%) 9 (30.0%) 12 (13.3%) 0.037
Expectoration (%) 10 (33.3%) 4 (4.4%) <0.001
Night sweating (%) 6 (20.0%) 2 (2.2%) 0.003
Weight loss (%) 18 (60.0%) 15 (16.7%) <0.001

Symptoms and signs related to TAK
Joint pain (%) 6 (20.0%) 9 (10.0%) 0.200
Dizziness (%) 10 (33.3%) 32 (35.6%) 0.825
Weak pulse (%) 15 (50.0%) 52 (57.8%) 0.458
BP discrepancies between arms (%) 14 (46.7%) 29 (32.2%) 0.153
Intermittent claudication (%) 1 (3.3%) 1 (1.1%) 0.439

Laboratory tests
ESR (mm/h, median, IQR) 24 (16, 94) 16 (7, 52) 0.058
hsCRP (mg/L, median, IQR) 19.19 (5.97, 115.34) 3.19 (0.86, 25.13) 0.001
WBC (109/L, median, IQR) 7.73 (6.37, 10.46) 7.64 (5.87, 10.25) 0.671
NEUT (109/L, median, IQR) 5.18 (4.19, 6.69) 4.94 (3.45, 7.08) 0.654
LYMPH (109/L, median, IQR) 1.98 (1.35, 2.59) 1.77 (1.35, 2.60) 0.557
PLT (109/L, median, IQR) 312.5 (240.3, 383.0) 267.5 (214.8, 354.3) 0.193
HGB (g/L, median, IQR) 120.5 (107.5, 132.0) 118 (106.8, 138.3) 0.858
Alb (g/L, median, IQR) 38.5 (34.5, 42.3) 40.5 (38.0, 43.0) 0.031
AST (U/L, median, IQR) 17.0 (14.5, 24.0) 16.0 (14.0, 22.0) 0.525
ALT (U/L, median, IQR) 14.5 (11.0, 21.3) 14.0 (9.0, 20.0) 0.414
Tbil (mmol/L, median, IQR) 8.05 (6.13, 10.93) 9.10 (7.65, 12.68) 0.104
LDH (U/L, median, IQR) 174.0 (139.5, 202.0) 181.0 (145.5, 223.0) 0.569
Creatinine (mmol/L, median, IQR) 60.0 (48.8, 68.3) 59.0 (49.8, 69.0) 0.911
IgG (g/L, median, IQR) 11.75 (10.03, 13.67) 10.42 (8.49, 14.40) 0.228
IgA (g/L, median, IQR) 2.60 (1.71, 3.51) 2.40 (1.62, 3.36) 0.686
IgM (g/L, median, IQR) 1.17 (0.76, 1.64) 1.33 (1.00, 1.87) 0.171
Positive T-SPOT.TB (%) 15 (62.5%) (n=24) 3 (7.3%) (n=41) <0.001
T-SPOT.TB value A (SFC/106PBMC, median, IQR) 48 (0, 220) 0 (0, 0) <0.001
T-SPOT.TB value B (SFC/106PBMC, median, IQR) 76 (0, 200) 0 (0, 0) <0.001
October 2021 | Volume 12 | Article
ESR, erythrocyte sedimentation rate; hsCRP, hypersensitive C reactive protein; WBC, white blood cell count; NEUT, neutrophil count; LYMPH, lymphocyte count; PLT, platelet count;
HGB, hemoglobin; Alb, albumin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; Tbil, total bilirubin; LDH, lactate dehydrogenase; IgG, immunoglobulin G;
IgA, immunoglobulin A; IgM, immunoglobulin M; SFC, spot-forming cells; PBMC, peripheral blood mononuclear cells.
TABLE 3 | Univariate and multivariate analyses of the correlation between clinical variables and the development of ATB in TAK patients.

Variables Odds ratio Univariate analysis Odds ratio Multivariate analysis

95% CI P value 95% CI P value

Age (years) 1.004 0.970–1.040 0.823
Male sex 1.714 0.672–4.372 0.259
BMI (kg/m2) 0.965 0.871–1.068 0.488
ESR >20 (mm/h) 1.710 0.743–3.937 0.207
hsCRP >8 (mg/L) 3.131 1.326–7.390 0.009 9.108 1.096–75.711 0.041
Alb <40 (g/L) 2.000 0.843–4.747 0.116
Positive T-SPOT.TB 21.111 5.018–88.822 <0.001 68.669 7.291–646.738 <0.001
749317

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Zhou et al. ATB Risk Factors in TAK
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

This study complied with the Declaration of Helsinki and was
approved by the Ethics Committee of PUMCH (ethics approval
number: S-715). Informed consent was obtained from all
patients enrolled.
AUTHOR CONTRIBUTIONS

Conceptualization: YC and YZ. Data curation: JZ, RJ, RZ,
and JYZ. Formal analysis: RJ, JL, and XT. Funding acquisition:
YC and YZ. Investigation: JZ. Methodology: RJ. Project
administration: RZ. Resources: JYZ. Software: RJ. Supervision:
YC and YZ. Validation: JZ. Visualization: JL and XT. Writing—
original draft: JZ and RJ. Writing—review and editing: RZ,
JYZ, JL, XT, YC, and YZ. All authors had full access to all the
data in the study and had final responsibility for the decision to
Frontiers in Immunology | www.frontiersin.org 6
submit for publication. All authors contributed to the article and
approved the submitted version.
FUNDING

This work was supported by grant from the Major Research
Program of Natural Science Foundation of China (grant number
51890894), grant from the Natural Science Foundation of China
(grant numbers 81770481 and 82070492), and grant from
Clinical Disease Diagnosis and Treatment Technology and
Translational Research in Capital City (Z201100005520052).
ACKNOWLEDGMENTS

We thank Dr. Yue Fan and Dr. Delin Liu for their help during the
revision of this manuscript.
SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2021.749317/
full#supplementary-material
REFERENCES
1. Gornik HL, Creager MA. Aortitis. Circulation (2008) 117(23):3039–51. doi:

10.1161/CIRCULATIONAHA.107.760686
2. Terao C, Yoshifuji H, Mimori T. Recent Advances in Takayasu Arteritis. Int J

Rheum Dis (2014) 17(3):238–47. doi: 10.1111/1756-185X.12309
3. Watts R, Al-Taiar A, Mooney J, Scott D, Macgregor A. The Epidemiology of

Takayasu Arteritis in the UK. Rheumatol (Oxford) (2009) 48(8):1008–11. doi:
10.1093/rheumatology/kep153

4. Pedreira ALS, Santiago MB. Association Between Takayasu Arteritis and Latent
or Active Mycobacterium Tuberculosis Infection: A Systematic Review. Clin
Rheumatol (2020) 39(4):1019–26. doi: 10.1007/s10067-019-04818-5

5. van Timmeren MM, Heeringa P, Kallenberg CG. Infectious Triggers for
Vasculitis. Curr Opin Rheumatol (2014) 26(4):416–23. doi: 10.1097/BOR.
0000000000000068

6. Vista EG, Santos Estrella PV, Lichauco JJ. Flourine-18 Flourodeoxyglucose
Positron Emission Tomography as a Non-Invasive Test of Disease Activity in
Takayasu’s Arteritis–A Report of Four Cases. Autoimmun Rev (2010) 9
(7):503–6. doi: 10.1016/j.autrev.2010.02.010

7. Khemiri M, Douira W, Barsaoui S. Co-Occurrence of Takayasu’s Arteritis and
Tuberculosis: Report of a Tunisian Pediatric Case. Ann Pediatr Cardiol (2016)
9(1):75–8. doi: 10.4103/0974-2069.171398

8. Al-Aghbari K, Al-Motarreb A, Askar F. Takayasu’s Arteritis Associated With
Tuberculosis in a Young Yemeni Woman. Heart Views (2010) 11(3):117–20.
doi: 10.4103/1995-705X.76804

9. Dasari P, Gummadi HS. Pregnancy Outcome in Takayasu Arteritis. BMJ Case
Rep (2021) 14(5):e238014. doi: 10.1136/bcr-2020-238014

10. Lim AY, Lee GY, Jang SY, Gwag HB, Choi SH, Jeon ES, et al. Comparison of
Clinical Characteristics in Patients With Takayasu Arteritis With and
Without Concomitant Tuberculosis. Heart Vessels (2016) 31(8):1277–84.
doi: 10.1007/s00380-015-0731-8

11. Zhang Y, Fan P, Luo F, Zhang HM, Song L, Ma WJ, et al. Tuberculosis in
Takayasu Arteritis: A Retrospective Study in 1105 Chinese Patients. J Geriatr
Cardiol (2019) 16(8):648–55. doi: 10.11909/j.issn.1671-5411.2019.08.003.

12. Arend WP, Michel BA, Bloch DA, Hunder GG, Calabrese LH, Edworthy SM,
et al. The American College of Rheumatology 1990 Criteria for the
Classification of Takayasu Arteritis. Arthritis Rheum (1990) 33(8):1129–34.
doi: 10.1002/art.1780330811

13. Diagnostic Standards and Classification of Tuberculosis in Adults
and Children. This Official Statement of the American Thoracic
Society and the Centers for Disease Control and Prevention was Adopted
by the ATS Board of Directors, July 1999. This Statement was Endorsed by
the Council of the Infectious Disease Society of America, September 1999.
Am J Respir Crit Care Med (2000) 161(4 Pt 1):1376–95. doi: 10.1164/ajrccm.
161.4.16141

14. Hata A, Noda M, Moriwaki R, Numano F. Angiographic Findings of Takayasu
Arteritis: New Classification. Int J Cardiol (1996) 54 Suppl:S155–63. doi:
10.1016/S0167-5273(96)02813-6

15. Kerr GS, Hallahan CW, Giordano J, Leavitt RY, Fauci AS, Rottem M, et al.
Takayasu Arteritis. Ann Intern Med (1994) 120(11):919–29. doi: 10.7326/
0003-4819-120-11-199406010-00004

16. Zhang Z, Wang W, Zhou M, Lu PYJ, Li Y, Chen Y. An Observational Study of
Sex Differences in Takayasu Arteritis in China: Implications for Worldwide
Regional Differences. Ann Vasc Surg (2020) 66:309–17. doi: 10.1016/
j.avsg.2019.12.007

17. Yoon C, Semitala FC, Atuhumuza E, Katende J, Mwebe S, Asege L, et al. Point-
Of-Care C-Reactive Protein-Based Tuberculosis Screening for People Living
With HIV: A Diagnostic Accuracy Study. Lancet Infect Dis (2017) 17
(12):1285–92. doi: 10.1016/S1473-3099(17)30488-7

18. Olsson O, Björkman P, Jansson M, Balcha TT, Mulleta D, Yeba H, et al.
Plasma Profiles of Inflammatory Markers Associated With Active
Tuberculosis in Antiretroviral Therapy-Naive Human Immunodeficiency
Virus-Positive Individuals. Open Forum Infect Dis (2019) 6(2):ofz015. doi:
10.1093/ofid/ofz015

19. Garay-Baquero DJ, White CH, Walker NF, Tebruegge M, Schiff HF, Ugarte-
Gil C, et al. Comprehensive Plasma Proteomic Profiling Reveals Biomarkers
for Active Tuberculosis. JCI Insight (2020) 5(18):e137427. doi: 10.1172/
jci.insight.137427

20. Meyer AJ, Ochom E, Turimumahoro P, Byanyima P, Sanyu I, Lalitha R, et al.
C-Reactive Protein Testing for Active Tuberculosis Among Inpatients
Without HIV in Uganda: A Diagnostic Accuracy Study. J Clin Microbiol
(2020) 59(1):e02162–20. doi: 10.1128/JCM.02162-20
October 2021 | Volume 12 | Article 749317

https://www.frontiersin.org/articles/10.3389/fimmu.2021.749317/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.749317/full#supplementary-material
https://doi.org/10.1161/CIRCULATIONAHA.107.760686
https://doi.org/10.1111/1756-185X.12309
https://doi.org/10.1093/rheumatology/kep153
https://doi.org/10.1007/s10067-019-04818-5
https://doi.org/10.1097/BOR.0000000000000068
https://doi.org/10.1097/BOR.0000000000000068
https://doi.org/10.1016/j.autrev.2010.02.010
https://doi.org/10.4103/0974-2069.171398
https://doi.org/10.4103/1995-705X.76804
https://doi.org/10.1136/bcr-2020-238014
https://doi.org/10.1007/s00380-015-0731-8
https://doi.org/10.11909/j.issn.1671-5411.2019.08.003.
https://doi.org/10.1002/art.1780330811
https://doi.org/10.1164/ajrccm.161.4.16141
https://doi.org/10.1164/ajrccm.161.4.16141
https://doi.org/10.1016/S0167-5273(96)02813-6
https://doi.org/10.7326/0003-4819-120-11-199406010-00004
https://doi.org/10.7326/0003-4819-120-11-199406010-00004
https://doi.org/10.1016/j.avsg.2019.12.007
https://doi.org/10.1016/j.avsg.2019.12.007
https://doi.org/10.1016/S1473-3099(17)30488-7
https://doi.org/10.1093/ofid/ofz015
https://doi.org/10.1172/jci.insight.137427
https://doi.org/10.1172/jci.insight.137427
https://doi.org/10.1128/JCM.02162-20
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Zhou et al. ATB Risk Factors in TAK
21. Pai M, Denkinger CM, Kik SV, Rangaka MX, Zwerling A, Oxlade O, et al.
Gamma Interferon Release Assays for Detection of Mycobacterium Tuberculosis
Infection. Clin Microbiol Rev (2014) 27(1):3–20. doi: 10.1128/CMR.00034-13

22. Wang S, Wu J, Chen J, Gao Y, Zhang S, Zhou Z, et al. Evaluation of
Mycobacterium Tuberculosis-Specific Antibody Responses for the
Discrimination of Active and Latent Tuberculosis Infection. Int J Infect Dis
(2018) 70:1–9. doi: 10.1016/j.ijid.2018.01.007

23. Yang Q, Zhang C, Ruan Q, ZhangW, Zhang H, Li Y, et al. Higher T-SPOT.TB
Threshold may Aid in Diagnosing Active Tuberculosis?: A Real-World
Clinical Practice in a General Hospital. Clin Chim Acta (2020) 509:60–6.
doi: 10.1016/j.cca.2020.06.005

24. Zhang M, Li D, Hu ZD, Huang YL. The Diagnostic Utility of Pleural Markers
for Tuberculosis Pleural Effusion. Ann Transl Med (2020) 8(9):607. doi:
10.21037/atm.2019.09.110

25. Afsar I, Gunes M, Er H, Gamze Sener A. Comparison of Culture, Microscopic
Smear and Molecular Methods in Diagnosis of Tuberculosis. Rev Esp
Quimioter (2018) 31(5):435–8.
Frontiers in Immunology | www.frontiersin.org 7
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Zhou, Ji, Zhu, Zhou, Li, Tian, Chen and Zheng. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
October 2021 | Volume 12 | Article 749317

https://doi.org/10.1128/CMR.00034-13
https://doi.org/10.1016/j.ijid.2018.01.007
https://doi.org/10.1016/j.cca.2020.06.005
https://doi.org/10.21037/atm.2019.09.110
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Clinical Features and Risk Factors for Active Tuberculosis in Takayasu Arteritis: A Single-Center Case-Control Study
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Data Collection
	2.3 Ethic Review
	2.4 Statistical Analyses

	3 Results
	3.1 General Data
	3.2 Clinical Comparisons of TAK Patients With and Without ATB
	3.2.1 Patient Characteristics
	3.2.2 Previous Medications of TAK
	3.2.3 Symptoms and Signs
	3.2.4 Laboratory Tests

	3.3 Risk Factors Correlated With ATB in TAK Patients
	3.4 Subsequent Surgical Interventions of TAK

	4 Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


