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Abstract
Background: The diagnostic accuracy of pleural biomarkers in patients with tuberculous pleural effusion (TPE) of
different ages is inconsistent, but speci�c studies in different age groups are lacking. Therefore, we investigated the
cut-off value of adenosine deaminase (ADA) and its combined gamma interferon release assay (IGRA) in the
diagnosis of TBE patients of different ages in aged≥40 years.

Methods: A retrospective analysis of 176 patients who were hospitalized from 2015 to 2020 and had pleural effusion
with or without fever,night sweats, fatigue,cough and other clinical manifestations and were highly suspected of
tuberculous pleural effusion. The results of medical thoracoscopy and pleural effusion ADA and IGRA were analyzed.
The patients were divided into 40-59-year-old group and≥60-year-old group.

Results: Among the 176 patients, 85 were aged 40-59 years, and 91 were aged≥60 years. The cut-off value of ADA in
ROC analysis is 31.5 U/L, the accuracy is higher than 40 U/L (85.80%vs.82.95%), but the diagnostic sensitivity in
patients aged≥60 years is lower than that in the group of 40-59 years old (71%vs.83%).The sensitivity of IGRA
detection in patients aged≥60 years was higher than that of ADA (93% vs.71%). The detection sensitivity of ADA
combined with IGRA in pleural effusion was the highest in the 40-59-year-old group, reaching 100%. The speci�city of
ADA united IGRA detection in pleural effusion was the highest in the age≥60 years group, reaching 100%.

Conclusions: The detection of ADA and IGRA in pleural effusion has good diagnostic value for patients with suspected
TBE aged≥40 years. ADA unites IGRA detection is bene�cial to the detection rate of TBE in patients with exudative
pleural effusion aged 40-59 years, and it is bene�cial to the differential diagnosis of TBE in patients aged≥60 years.

1 Background
According to the latest WHO report, pulmonary tuberculosis is a serious global public health problem, especially in
developing countries. In recent years, the decline in the number of cases and incidence rates has slowed down, and the
mortality rate has increased. China is one of the countries with a high burden of tuberculosis and given much
attention. Tuberculous pleural effusion (TPE) is the most common extrapulmonary tuberculosis[1]. TPE is an exudative
pleural effusion caused by Mycobacterium tuberculosis infection. Early diagnosis and treatment can reduce its
morbidity and mortality. If untreated, 43%-65% of patients can develop pulmonary tuberculosis[2].

Adenosine deaminase (ADA) is an important enzyme in the metabolism of purine nucleosides. It is widely present in
body tissues. The content of ADA in lymphocytes is high. When TPE occurs, the host responds to pleural lymphocytes
through cellular immunity. The number of cells increases signi�cantly and the activity is enhanced, so the content of
ADA in pleural effusion is signi�cantly increased, and it is widely used in the diagnosis of TPE because of its
economical detection, convenience and availability[3–5]. However, ADA can also increase in lung abscess, lymphoma,
malignant mesothelioma and other diseases. It is easily affected by age factors and the diagnostic accuracy is
affected signi�cantly with the increase of age.Therefore, we chose the combination of interferon-gamma release
assay (IGRA), which is not easily affected by age factors, for the diagnosis of suspected TPE[6–11]. At present, the
critical value of ADA for TPE diagnosis is generally 40U/L, but due to the in�uence of tuberculosis prevalence, age,
organ failure, critical condition, etc., the critical value of various reports is different and the guidance is different. For
example, the Turkish guideline recommends The diagnosis of pleural effusion disease at age ≥ 40 years should still
be con�rmed by biopsy even if ADA > 40 U/L[12].Elderly patients with pleural effusion have complex etiologies, multiple
comorbidities, and high risk of invasive procedures. With the intensi�cation of the aging population, the diagnostic
methods of TPE in the elderly still need to be continuously optimized. Based on this, we focused on TPE patients aged
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40–59 years and ≥ 60 years old, and explored the optimal cut-off value of ADA in this population and the diagnosis of
ADA combined with interferon-gamma release assay (IGRA) in TBE patients of different ages.

2 Objectives And Methods

2.1 Subjects, demographics, and informed consent
Inclusion criteria: Patients aged ≥ 40 years with exudative pleural effusion were diagnosed based on the Light
de�nition criteria. Exclusion criteria: Combined with medical thoracoscopy contraindications: lung and chest wall
adhesion in the entire thoracic cavity; hypercapnia and severe respiratory distress; uncontrollable cough; for patients
with clear consciousness and judgment but not sign the informed consent form. The data of 199 patients were initially
observed. After excluding those who did not meet the inclusion criteria, we �nally included 176 patients. All patients
underwent pleural effusion ADA, IGRA, and medical thoracoscopy biopsy, of which 90 were TPE and 86 were non-TPE.
There were 85 cases in the 40-59-year-old group and 91 cases in the ≥ 60-year-old group.(Fig. 1)

The diagnostic criteria for TPE are as follows: Thoracoscopic pleural biopsy showed tuberculosis and/or acid-fast
mycobacteria; Pleural effusion caused by pleurisy caused by other causes has been excluded clinically. There were 52
cases of malignant pleural effusion in non-TPE, 4 cases of empyema, 3 cases of systemic lupus erythematosus (SLE),
2 cases of hepatic pleural effusion, 3 cases of eosinophilic pleural effusion, and 1 case of heart failure. Pleural
cytology or pleural biopsy after pleural effusion examination is consistent with the diagnosis of malignant disease
even if a malignant pleural effusion is diagnosed. There was no macroscopic empyema in the pleura, and the
biochemical and clinical effusion examinations were consistent with parapneumonic effusion, and the diagnosis of
parapneumonic effusion was con�rmed by the observation of physiological and clinical improvement after antibiotic
treatment. If there is a complicated pleural effusion caused by a clear disease, the diagnosis should be made after the
medical thoracoscopy and pathological biopsy are completed to exclude other causes. All participants were followed
up for 12 months to con�rm the accuracy of the �nal diagnosis.

Demographic data (age and gender),address,smoking index, comorbidities(hypertension,diabetes,chronic obstructive
pulmonary disease,tumor,nephrotic syndrome,liver cirrhosis, heart failure), diagnosis, diagnostic method, recording
relevant biochemical indicators information. This study was approved by the Guangyuan Central Hospital Ethics
Committee,which waived the need for informed consent. We con�rm that all methods were carried out in accordance
with relevant guidelines and regulations.

2.2 ADA detection
ADA activity was detected by colorimetric assay using a commercial kit (Adenosine Deaminase Detection Kit; Beijing
Strong Biotechnology Co., Ltd.Beijing,China) at 37°C. One unit of ADA is de�ned as the amount of enzyme that
produces 1 micromolar inosine per minute from adenosine at 37°C, and the result is expressed in International Units
(IU/L) per liter of pleural �uid (PF).

2.3 IGRA detection
All subjects collected 45 mL of PF and tested within 6 h. PF samples were centrifuged at 500 g for 10 min. Discarding
the sample supernatant for TB T-SPOT detection. Tuberculosis testing was performed according to the manufacturer's
instructions (Oxford Immunotec Ltd. Oxford, UK). Microspheres were resuspended in 8 mL of AIM-V medium (GIBCO,
Rockville,MD,USA). Mononuclear cells were isolated using Ficolle-Hypaque Lymphocyte Separator, washed,
resuspended and counted. Empty wells were used as negative controls, T lymphocyte mitogen lectin was used as
positive controls, and ESAT-6 and CFP-10 polypeptides were in different wells, respectively. Pleural �uid mononuclear
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cells were added to wells pre-coated with anti-IFN-γ monoclonal antibody (2.5×105 cells per well) and incubated at
37°C for 16–20 hours.Spot-forming cells (SFCs) were read using an automated enzyme-linked immunosorbent spot
reader (CTL-ImmunoSpotS5 Versa analyzer). The assay was considered valid when the positive control was > 20
SFCs/106 monocytes and the negative control was < 6 SFCs/106 monocytes. Final SFCs of ESAT-6 or CFP-10 were
de�ned as ESAT-6 or CFP-10 sfc minus negative control SFCs. The largest SFCs in the T-SPOT assay were de�ned as
larger SFCs in the �nal ESAT-6 and CFP-10[13].

2.4 Data Analysis
The obtained data were analyzed by SPSS19.0 statistical software, measurement data were expressed as( x ± s), and
t test was used. Enumeration data were expressed as rate (%) using χ2 test. IGRA and ADA used ROC curve analysis to
evaluate the optimal critical value of TPE, and P < 0.05 was considered statistically signi�cant.

3 Results
3.1 The included patients were divided into 40-59-year-old group and age ≥ 60-year-old group. TPE accounted for
56.47% and 46.15% of the group, respectively, with no statistical signi�cance (P > 0.05). However, there were
signi�cant differences in age, smoking index and proportion of comorbidities between the two groups (P < 0.05). There
was no signi�cant difference in ADA, ESR and IGRA between the two groups (P > 0.05). (Table 1)

Table 1 Comparison of clinical features between two groups of patients with exudative pleurisy

Cases  40≤Age<60 Age≥60 Statistics p value

85 cases 91 cases

Diseases[TPE/non-TPE(TPE%)] 48/37(56.47%) 42/49(46.15%) χ2=1.87 0.17

Gender[male/female(male%)] 53/32(62.35%) 61/30(67.03%) χ2=0.42 0.52

Age(years) 49.72±5.37 69.62±6.31 t=-22.46 0.00

Smoking index 174.18±236.89 294.73±333.93 t=-2.78 0.01

Underlying diseas cases(percentage) 25(29.41%) 65(71.43%) χ2=31.05 0.00

ADA level in pleural�uid(U/L) 35.21±16.83 31.97±16.56 t=1.29 0.20

ESR(mm/h) 26.80±10.37 26.48±10.89 t=0.20 0.84

IGRA[positive/total(positive%)] 49/85(57.65%) 46/91(50.55%) χ2=0.89 0.35

 

3.2 ROC curve analysis was performed for all ages ≥ 40 years old, and the optimal critical value was 31.5U/L, and the
AUC was 0.94(95%CI, 0.90–0.97). When the cutoff value was 26U/L, the sensitivity was 92%, the speci�city was 78%,
and the accuracy was 85.23%. When the cutoff value was 40U/L, the sensitivity was 70%, the speci�city was 97%, and
the accuracy was 82.95. The highest accuracy (85.8%) was achieved with a cutoff value of 31.5U/L. (Table 2)

Table 2 Sensitivity, speci�city,LR+/−, PPV, NPV, and ACC values according to ADA cutoff values in patients aged
40 years and older



Page 5/12

ADA U/L ADA 26 ADA 31.5 ADA 40

Sensitivity,(95%CI) 0.92(0.84-0.97) 0.82(0.72-0.89) 0.70(0.59-0.79)

Speci�city,(95%CI) 0.78(0.67-0.86) 0.90(0.81-0.95) 0.97(0.89-0.99)

LR+(95%CI) 4.17(2.79-6.24) 7.86(4.20-14.69) 20.07(6.55-61.49)

LR−(95%CI) 0.10(0.05-0.20) 0.20(0.13-0.31) 0.31(0.23-0.43)

PPV,(95%CI) 0.81(0.72-0.88) 0.89(0.80-0.95) 0.95(0.86-0.99)

NPV,(95%CI) 0.91(0.81-0.96) 0.83(0.73-0.90) 0.75(0.66-0.83)

Acc%,(95%CI) 85.23(0.79-0.90) 85.80(0.80-0.90) 82.95(0.77-0.88)

Abbreviations: 95% CI, 95% con�dence interval; Acc, accuracy; ADA, adenosine deaminase enzyme; LR+,positive
likelihood ratio; LR−, negative likelihood ratio; PPV, positive predictive value;NPV, negativepredictive value.

 

3.3A retrospective pooled analysis of previous studies on optimal cutoff values for ADA in different age groups is
presented in Table 3.

 

 
Table 3

Previous studies on the best cut-off values for ADA in different age groups
ADA source Diagnostic Optimal Cutoff(U/L) Suitable age References

Pleural effusion 72 < 55years [7]

Pleural effusion 26 > 55 years [7]

Pleural effusion 43 > 45 years [8]

Pleural effusion 29 < 45 years [8]

Pleural effusion 35.9 > 45 years [10]

Pleural effusion 23.3 < 45 years [10]

Pleural effusion 21.4 ≤ 40 years [11]

 
 
3.4 IGRA has a sensitivity of 90%, a speci�city of 84%, and an accuracy of 87% in the overall TPE patients. The
diagnostic sensitivity and speci�city for patient aged ≥ 60 years are slightly higher than those of patients aged 40–59
years (93%vs.88%, 86%vs.81%). ADA was more speci�c (98%vs.81%) but less sensitive (71%vs.83%) than the 40-59-
year-old group for the diagnosis of TPE aged ≥ 60years. The sensitivity of IGRA combined with ADA for the diagnosis
of TPE was 100% in the 40-59-year-old group, which was higher than that in the other group (98%), but the speci�city
was higher in those aged ≥ 60 years (82%vs.73%), There was no signi�cant difference in accuracy (89%vs. 88%). The
speci�city of IGRA combined with ADA was 100% in the age ≥ 60 years group, higher than that in the other group
(97%), and the diagnostic accuracy was also higher than that in the 40-59-year-old group (89%vs.85%).There was no
signi�cant difference in sensitivity (76%vs. 75%) between the two groups. (Table 4) 
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Table 4
Diagnostic utility of pleural IGRA, ADA, CEA and their integrations for the discriminating diagnosis of TPE and No-TPE

Assays Sensitivity Speci�city LR+ LR− PPV NPV Acc%,

(95%CI) (95%CI) (95%CI) (95%CI) (97%CI) (98%CI) (95%CI)

IGRA              

All patients 0.90(0.81–
0.95)

0.84(0.74–
0.90)

5.53(3.41–
8.97)

0.12(0.06–
0.22)

0.85(0.76–
0.91)

0.89(0.79–
0.94)

0.87(0.81–
0.91)

40-59years 0.88(0.74–
0.95)

0.81(0.64–
0.91)

4.63(2.35–
9.09)

0.15(0.07–
0.33)

0.86(0.72–
0.94)

0.83(0.67–
0.93)

0.85(0.75–
0.91)

≥60 0.93(0.79–
0.98)

0.86(0.72–
0.94)

6.50(3.26–
12.97)

0.08(0.03–
0.25)

0.85(0.71–
0.93)

0.93(0.81–
0.98)

0.89(0.81–
0.94)

ADA              

40-59years 0.83(0.69–
0.92)

0.81(0.64–
0.91)

4.40(2.23–
8.69)

0.21(0.21 
− 0.11)

0.85(0.71–
0.93)

0.80(0.62–
0.90)

0.82(0.73–
0.89)

≥60 0.71(0.57–
0.82)

0.98(0.88-
1.00)

19.83(5.06–
77.68)

0.20(0.11–
0.37)

0.98(0.85-
1.00)

0.75(0.62–
0.85)

0.89(0.81–
0.94)

Pleural
IGRA or
ADA

             

All patients 0.99(0.93-
1.00)

0.78(0.67–
0.86)

4.48(3.01–
6.66)

0.01(0.00-
0.10)

0.82(0.74–
0.89)

0.99(0.91-
1.00)

0.89(0.83–
0.93)

40-59years 1.00(0.91-
1.00)

0.73(0.56–
0.86)

3.70(2.18–
6.28)

0 0.83(0.70–
0.91)

1.00(0.84-
1.00)

0.88(0.79–
0.94)

≥60 0.98(0.86-
1.00)

0.82(0.67–
0.91)

5.31(2.94–
9.61)

0.03(0.00-
0.20)

0.82(0.68–
0.91)

0.98(0.86-
1.00)

0.89(0.81–
0.94)

PleuralIGRA
and ADA

             

All patients 0.76(0.65–
0.84)

0.99(0.93-
1.00)

64.98(9.23-
457.66)

0.25(0.17–
0.36)

0.99(0.91-
1.00)

0.79(0.70–
0.86)

0.87(0.81–
0.91)

40-59years 0.75(0.60–
0.86)

0.97(0.84-
1.00)

27.75(3.99-
193.14)

0.26(0.16–
0.42)

0.97(0.84-
1.00)

0.75(0.60–
0.86)

0.85(0.75–
0.91)

≥60 0.76(0.60–
0.87)

1.00(0.91-
1.00)

0 0.24(0.14–
0.41)

1.00(0.87-
1.00)

0.83(0.71–
0.91)

0.89(0.81–
0.94)

3.5 The ROC curve analysis was performed for the 40-59-year-old group and the age ≥ 60 years, respectively, and the
best cutoff value was 31.5U/L, AUC was 0.93 (95%CI, 0.88–0.99) and 19.5U/L, AUC was 0.57 (95% CI, 0.45–0.70).
(Fig. 2)

4 Discussion
The etiology of pleural effusion is complex, especially in the middle-aged and older people, and it is di�cult to
distinguish it from TPE, which is often a di�cult problem in the process of clinical diagnosis. Combining different
causative factors, TPE is still the most common cause of exudative pleural effusion in developing countries[11, 14]. TPE
is caused by Mycobacterium tuberculosis (MTB) infection. MTB detection is the gold standard for the diagnosis of
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TPE, but the detection rate of MTB in pleural effusion is very low and has a high false-positive rate, which is easy to be
missed and the culture time is long[15, 16]. In particular, TPE patients aged ≥ 40 years face diagnostic challenges in
worldwide, but there is no consensus in the literature on diagnosis in this age group, so further studies are needed[17,

18]. As the population ages, the number of people over the age of 60 is increasing. Previous studies have shown that
advanced age, disease severity, and organ failure will affect the accuracy of ADA in diagnosing TPE. Based on this, we
included patients with exudative pleural effusion age ≥ 40 years and divided them into 40-59-year-old group and age 
≥ 60-year-old group for separate research, hoping to provide some help for the diagnosis of TPE patients of different
ages.

A large number of previous studies have shown that ADA 40U/L is a widely accepted cut-off value for the diagnosis of
TPE, but in recent years, there has been a lot of controversy over the optimal cut-off value of ADA in a series of studies,
especially regarding the greater in�uence of age and local tuberculosis prevalence on it[10, 14, 19, 20]. We analyzed the
included patients with exudative pleural effusion aged ≥ 40 years and obtained the optimal cut-off value of TPE is
31.5 U/L and AUC is 0.94 (95% CI, 0.90–0.97), which has a good clinical diagnostic value. Burcu Arpinar Yigitbas[3]

found that ADA 26U/L was 84.3% sensitive, 80.4% speci�c, and 82.35% accurate for TPE diagnosis in people aged ≥ 
40 years. We also used ADA 26U/L as the cut-off value analysis and found that the sensitivity of this group of patients
was 92%, the speci�city was 78%, and the accuracy was 85.23%, which was close to the results reported above but the
speci�city and accuracy were lower than ADA31. 5 U/L.It can be seen that there are certain differences in the optimal
ADA thresholds for different groups of people in different regions of the same age. Tay et al[7] found that ADA 26 IU/L
was the best for the diagnosis of TPE in people older than 55 years, with a sensitivity of 94.7% and a speci�city of
80%. However, Abrao et al[8] and other studies believe that ADA 43 IU/L is the best for the diagnosis of TPE when the
age is older than 45 years, with a sensitivity of 82.7 and a speci�city of 72.4%.

The optimal ADA 29 IU/L for the age of less than 45 years had a sensitivity of 88.6 and a speci�city of 91.5%. A recent
study found that only 4.65% of elderly TPE patients had an ADA greater than 40 IU/L[14, 21].In order to explain the
above differences, we included ADA40IU/L in the age group ≥ 40 years old and found that the sensitivity was 70%, the
speci�city was 97%, and the accuracy was 82.95%. It can be seen that using ADA40IU/L as the best cut-off value for
the diagnosis of TPE has great differences in different research samples, populations, and regions, and ADA can also
be elevated by other diseases in the body, but this serious in�uencing factor has not been considered in many studies.
Therefore, there are some differences in the results of different samples. How to accurately correct the optimal
threshold of ADA or seek more accurate diagnostic indicators needs further research.

The stimulatory antigens ESAT-6 and CFP10 used in the IGRA test are unique to MTB and are not affected by BCG and
body immunity, which improves the diagnostic speci�city and avoids the in�uence of non-tuberculous bacilli and BCG
on the results, and has good diagnostic value for TPE[22, 23]. A recent study reported signi�cant differences in IGRA
between TPE and non-IGRA groups due to antigen-speci�c responses to MTB, including malignant pleural effusion,
pneumonia, and cirrhosis[21]. It has been reported that IGRA has a high diagnostic accuracy of more than 90.2% for
patients with ADA uncertain TPE[24].

The data analysis of this group found that IGRA has a greater diagnostic advantage in the age ≥ 60 years old group
than the group of 40–59 years old, with sensitivity(93%vs.88%), speci�city(86%vs.81%) and diagnostic accuracy rates
(89% vs. 85%) are both high.The diagnostic accuracy rate of the whole population is 87%, which is close to the results
of Mollo B[25] study (sensitivity is 80%, speci�city is 72%), but lower than some other related reports, which may be
related to the high comorbidity and age of this group[26].Unfortunately, we did not perform immune function tests such
as lymphocytes and their subsets in peripheral blood and pleural effusion to judge the function of peripheral and local



Page 8/12

lymphocytes in the pleural cavity, so as to conduct a more in-depth analysis of the in�uencing factors of IGRA and
ADA. Previous studies have found that ADA detection has low diagnostic sensitivity for patients aged ≥ 60 years. We
also performed ROC curve analysis on ADA alone for patients aged ≥ 60 years and found that the optimal cut-off
value was 19.5 U/L, and the AUC was 0.57 (95% CI, 0.45–0.70), which shows that its diagnostic value is limited, but
this may be related to the age(average age was 69.62 ± 6.31 years), which is basically consistent with previous
reports[7, 24, 27]. Therefore, we analyzed ADA combined with IGRA and found that the sensitivity of ADA combined with
IGRA in pleural effusion was 100% in the 40-59-year-old group. The detection rate of TPE has good application value
and is worthy of clinical promotion. However, its speci�city is 73%, so exudative pleural effusion in this population
should be combined with other more speci�c biomarkers or biopsy to diagnose TPE. The combined detection and
analysis of IGRA and ADA found that the speci�city was 100% in the age ≥ 60 years old group, which has great
clinical application for excluding TPE in patients with exudative pleural effusion who are elderly, unwilling to biopsy,
and di�cult to diagnose,which is consistent with the results of some Chinese related studies[28]. Although the above
analysis has obtained promising results, the biomarkers of TPE have their own limitations, and more in-depth research
is needed for more economical, non-invasive and accurate diagnostic methods[14, 22].In conclusion, ADA combined
with IGRA has good diagnostic and differential diagnostic value in patients with exudative pleural effusion over the
age of 40, especially for elderly patients with suspected TBE who are unwilling to undergo medical thoracoscopy or
pleural biopsy, and those medical units that do not have thoracoscopy equipment.Moreover, the application of ADA
combined with IGRA detection can eliminate the pain and risk caused by invasive operations, reduce the medical
burden, and promote more accurate diagnosis of TBE.

5 Conclusion
The detection methods of ADA and IGRA in pleural effusion are simple, economical and reliable, and have good
diagnostic and differential diagnostic value for suspected TBE and aged ≥ 40 years. In patients with exudative pleural
effusion aged 40 to 59 years, the use of pleural effusion ADA combined with IGRA detection is bene�cial to the
detection rate of TBE. For patients with exudative pleural effusion aged ≥ 60 years, the sensitivity of IGRA detection is
higher than that of ADA, and ADA combined with IGRA detection is helpful for differential diagnosis of TBE.

Abbreviations
TPE: tuberculous pleural effusion; ADA:Adenosine deaminase; IGRA:interferon gamma release test; PF:pleural �uid;
SFCs:Spot-forming cells; MTB:Mycobacterium tuberculosis; SPSS: Statistical package for social sciences;CI:
Con�dence interval; Acc:accuracy; LR+:positive likelihood ratio; LR−:negative likelihood ratio; PPV: positive predictive
value;NPV: negativepredictive value. 
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Figure 2

ROC analysis between different ages


