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A B S T R A C T   

Tuberculosis (TB), which is caused by Mycobacterium tuberculosis (MTB), is a serious infectious disease with high 
infection and mortality rates and is a public health problem around the world. According to the World Health 
Organization (WHO) report, one-third of the world’s population is latently infected with MTB, and 5 to 10% of 
those with latent TB infection (LTBI) have the potential to develop active TB once in their lifetime. Therefore, TB 
management for promptly distinguishing LTBI from active TB and for proper treatment is important. LTBI is 
currently diagnosed using the tuberculin skin test (TST) and interferon gamma (IFN-γ) release assay (IGRA). 
However, this test is substantially limited by its inability to distinguish active TB from LTBI. It is necessary to 
discover indicators that can be used for effective TB management and to develop diagnostic methods. In the 
present study, we used IGRA and complete blood count (CBC) analysis for discrimination of active TB, LTBI, and 
healthy control groups. The results showed that the number of WBC was significantly increased in the group with 
active TB (p < 0.0100) and level of hemoglobin (Hb) was significantly decreased (p < 0.0010) in the CBC than 
those of the healthy control and LTBI groups. In the WBC differential count, the number of neutrophils and 
monocytes were increased (p < 0.0010) in active TB group, where as those of lymphocytes were significantly 
decreased (p < 0.0100) in active TB group compared healthy control group. Results verified that the levels of 
total WBC, Hb, neutrophils, lymphocytes and monocytes were statistically significant (p < 0.0500) and the AUC 
was approximately 0.8613. In addition, receiver operating characteristic (ROC) curve analysis was performed to 
confirm the clinical usefulness between active TB and healthy control groups. In conclusion, based on these data 
demonstrated that the usefulness of these potential indicators for differential diagnosis, according to the result 
can be provided for effective diagnosis and treatment by comparing the expression patterns of the markers in the 
whole blood of the active TB, LTBI, and healthy control groups. Furthermore, this study needs to investigate a 
larger number of clinical specimens later to develop biomarkers according to the state of infection with MTB such 
as LTBI and active TB, as well as after treatment.   

1. Introduction 

Tuberculosis (TB) caused by Mycobacterium tuberculosis (MTB) rep-
resents a major global public health problem [1], that cause high 
infection and mortality rates and constitute one of the most serious 

infectious disease [2]. Although TB in the Republic of Korea is on the 
decline, the country’s TB incidence and mortality rates in 2020 were 
49.4 and 3.3 per 100,000 people, respectively, which was the highest 
among Organization for Economic Cooperation and Development 
(OECD) countries [3,4]. To date, almost one third of the world’s 
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population has LTBI, about 10% of whom progress to active TB during 
their lifetimes [5]. Co-infection of MTB and human immunodeficiency 
virus (HIV) promotes a serious condition, and people with HIV are 
known to be easily infected with mycobacteria [6]. 

Recent diagnostic methods for LTBI have used the tuberculin skin 
test (TST) or interferon gamma (IFN-γ) release assay (IGRA) with chest 
X-ray (CXR), physical examination, TB exposure, and medical history 
data [7]. TST is based on intradermal injection of whole MTB-antigens 
and subsequent confirmation of the delayed type hypersensitivity at 
the injection site [8]. However, TST is affected by bacillus Calmette- 
Guérin (BCG) vaccination, nontuberculous mycobacteria (NTM) in-
fections, and immunosuppression-with low sensitivity, resulting in false- 
negative or false-positive results [9]. IGRA is a whole blood test of cell- 
mediated immune responses and is used for the measurement of IFN-γ 
released from CD4+ T-lymphocytes exposed to the MTB-antigens, a test 
faster and more sensitive than TST [10]. However, both TST and IGRA 
tests are incapable of distinguishing active TB from LTBI [11]. There-
fore, it is necessary to distinguish these disease states and make a rapid 
examination. Recently, various studies have been conducted to distin-
guish between active TB, LTBI, and non-infected (healthy) populations 
using peripheral whole blood easy to collect, screening and identifying 
biomarkers in serum or plasma is an effective way to diagnose the dis-
ease [12]. 

Technological high-throughput screening has evolved rapidly and 
offers an extensive platform for TB research and biomarker discovery 
[12]. Recent studies have also reported a specific correlation between 
total white blood cell (WBC) count in diagnosing active TB [13]. In 
another study, when MTB is infected, circulating immune cells become 
active and granulocytes, lymphocytes, and macrophages interact to 
inhibit the growth of MTB in the host [14]. Routine testing with both 
TST and IGRA tests currently being conducted to diagnose active TB and 
LTBI are limited [15]. In order to differentiate active TB from LTBI, 
assistive biomarkers need to be developed and effective TB diagnosis, 
treatment and management are needed. 

In the present study, combination of IGRA and complete blood count 
(CBC) analysis were investigated for discrimination of active TB, LTBI, 
and healthy control groups with a total of 126 whole blood and serum 
samples. 

2. Materials and methods 

2.1. Clinical samples 

A total of 126 human whole blood samples were obtained from April 
2018 to March 2019 at the Department of Laboratory Medicine, Good 
Samsun Hospital, Busan, the Republic of Korea. The present study was 
approved by the Institutional Review Board (IRB) of the Catholic Uni-
versity of Pusan (IRB Approval No.: CUP IRB-2019-01-010) (Table 1). 

2.2. Whole blood collection 

Whole blood samples were collected using a VACUETTE® EDTA 
(Greiner Bio-One, Frickenhausen, Austria) blood collection tube con-
taining EDTA anticoagulant used for the CBC and WBC differential count 
test. Whole blood was tested within 4 hr of collection. 

2.3. Complete blood count and WBC differential count analysis 

The automated hematology analyzer XN-1000™ (Sysmex Corp., 
Kobe, Japan) was used for the CBC count containing total WBC count, 
red blood cell (RBC) count, hemoglobin (Hb) concentration, and platelet 
(PLT) count and the WBC differential count containing neutrophils, 
lymphocytes, monocytes, eosinophils, and basophils. White cell nucle-
ated channel (WNR) was used for the CBC and white cell differential 
channel (WDF) was used for the WBC differential count. The analyzer 
and sampler checked the ready status. The rack was then placed in the 

sampler pool and the test proceeded. For the data interpretation, 
XN_Software v. UR (Sysmex) was used. 

2.4. Statistical analysis 

Statistical analysis was performed using GraphPad Prism 5.0 soft-
ware (GraphPad Software, San Diego, CA, USA). Differences in CBC and 
WBC differential counts and APP markers among the active TB, LTBI, 
and the healthy control groups were statistically analyzed, and 95% 
confidential intervals were also calculated. An unpaired t-test was used 
to compare these three groups. Additionally, a receiver operator char-
acteristic (ROC) curve analysis was conducted to confirm the clinical 
usefulness and to determine the cut-off value, specificity, and sensitivity 
of the assays. Values of p < 0.05 were considered statistically significant. 

3. Results 

3.1. Comparison of complete blood count analysis results among the 
active TB, LTBI, and healthy control groups 

Based on the CBC analysis, the mean total WBC counts were 8.01 ±
2.94 (1 × 103/μL) for TB group, 6.13 ± 1.96 (1 × 103/μL) for LTBI 
group, and 5.70 ± 1.41 (1 × 103/μL) for healthy control group, 
respectively. The mean RBC counts were 4.14 ± 0.40 (1 × 106/μL) for 
the active TB group, 4.54 ± 0.38 (1 × 106/μL) for LTBI group, and 4.40 
± 0.36 (1 × 106/μL) for healthy control group, respectively. The mean 
PLT counts were 298.80 ± 86.65 (1 × 103/μL) for TB group, 276.72 ±
58.56 (1 × 103/μL) for LTBI group, and 257.30 ± 48.57 (1 × 103/μL) for 
healthy control group, respectively. The mean Hb values were 12.10 ±
1.66 g/dL for TB group, 13.60 ± 1.27 g/dL for LTBI group, and 13.50 ±
1.14 g/dL for healthy control group, respectively. Compared to the LTBI 
and healthy control groups, the mean WBC and PLT values of the active 
TB were significantly higher, and its RBC and Hb mean values were 
significantly lower (Table 2, Fig. 1). 

The active TB and LTBI groups were statistically significant with a p 
values of 0.0086 in WBC, 0.0006 in RBC, and 0.0007 in Hb. There were 
no statistically significant differences in WBC, RBC, Hb, or PLT between 

Table 1 
Demographic and clinical characteristics of study subjects.  

Demographic and clinical 
characteristics 

Active TB LTBI Healthy 
control 

Total number 22 29 58 
Median age (range), years 55.2 

(23–89) 
44.6 
(21–70) 

33.2 (22–61) 

Gender, male/female 15/7 6/23 12/46 
AFB stain results    

+ positive, n (%) 2 (9.1) NA NA 
++ positive, n (%) 4 (18.2) NA NA 
+++ positive, n (%) 4 (18.2) NA NA 
++++ positive, n (%) 4 (18.2) NA NA 
Negative 8 (36.4) NA NA 

AFB culture results    
Positive, n (%) 19 (86.4) NA NA 
Negative, n (%) 3 (13.6) NA NA 

MTB-PCR results    
Positive, n (%) 21 (95.5) NA NA 
Negative, n (%) 1 (4.5) NA NA 

CXR    
Positive, n (%) 22 (100.0) 4 (13.8) 0 (0) 
Negative, n (%) 0 (0) 25 (86.2) 58 (100.0) 

IGRA test results    
Positive, n (%) NA 29 (100.0) 0 (0) 
Negative, n (%) NA 0 (0) 58 (100.0) 
General characteristics of the groups involved in the study showing the number of 

subjects per group (n), the mean age, gender, AFB stain results, AFB culture results, 
MTB-PCR results, chest X-ray (CXR) results; n: number. Negative: Non-infected 
healthy group; LTBI: Latent tuberculosis infection group; Active TB: Active 
pulmonary tuberculosis group, NA: not applied.  
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the LTBI and healthy control groups. The active TB and healthy control 
groups were statistically significant with p values under 0.0001 in WBC, 
0.0026 in RBC, under 0.0001 in Hb, and 0.0084 in PLT. All three groups 
had p values under 0.0001 in WBC, 0.0008 in RBC, under 0.0001 in Hb 
and 0.0226 in PLT, all of which were statistically significant (Table 3). 

3.2. ROC curve analysis based on results of complete blood count analysis 

ROC curve analysis was performed to ensure that results from the 
CBC analysis were clinically applicable. The p value of the ROC curve for 
the total WBC count was 0.0002, and the area under the curve (AUC) 
was 0.7727. The p value of the ROC curve for the RBC count was 0.0109, 
and the AUC was 0.6853. The p value of the ROC curve for the PLT count 
was 0.0396, and the AUC was 0.6497. The p value of the ROC curve for 
the Hb concentration was 0.0010, and the AUC was 0.7394. Of the CBC 
analysis results, the p values of WBC, RBC, PLT counts, and Hb con-
centration were statistically significant (p < 0.0500), and the AUC was 
approximately 0.7117 (Fig. 2). 

3.3. Comparison of WBC differential count analysis results among the 
active TB, LTBI, and healthy control groups 

Based on the WBC differential count analysis, the mean of neutrophil 
counts were 5.77 ± 2.76 × 103/μL (70.00%) for the active TB 
group,3.44 ± 1.62 × 103/μL (54.80%) for the LTBI group, and 3.25 ±
1.21 × 103/μL (55.61%), for the healthy group respectively. The mean 
of lymphocyte counts were 1.45 ± 0.79 × 103/μL (19.31%) for the 
active TB group, 2.06 ± 0.57 × 103/μL (34.75%) for the LTBI group, and 
1.91 ± 0.44 × 103/μL (34.73%) for the healthy control group, respec-
tively. The mean of monocyte counts were 0.65 ± 0.26 × 103/μL 
(8.70%) for the active TB group, 0.42 ± 0.15 × 103/μL (6.94%) for the 

LTBI group, and 0.38 ± 0.10 × 103/μL (6.80%) for the healthy control 
group, respectively. The mean of eosinophil counts were 0.11 ± 0.08 ×
103/μL (1.53%) for the active TB group, 0.16 ± 0.16 × 103/μL (2.74%) 
for the LTBI group, and 0.12 ± 0.11 × 103/μL (2.17%) for the healthy 
control group, respectively. The mean of basophil counts were 0.03 ±
0.02 × 103/μL (0.43%) for the active TB group, 0.05 ± 0.02 × 103/μL 
(0.78%) for the LTBI group, and 0.04 ± 0.02 × 103/μL (0.69%) for the 
healthy control group, respectively. Compared to the LTBI and healthy 
control groups, the mean values of neutrophils and monocytes in the 
active TB were significantly higher, and the mean values of lymphocytes 
and basophils were significantly lower (Fig. 3, Table 4). 

Active TB and LTBI groups were statistically significant with p values 
of 0.0005 in neutrophils, 0.0026 in lymphocytes, 0.002 in monocytes, 
and 0.0117 in basophils. There were no statistically significant differ-
ences in neutrophil, lymphocyte, monocyte, eosinophil, and basophil 
counts between the LTBI and healthy control. The active TB and healthy 
control groups were statistically significant with p values under 0.0001 
in neutrophils, 0.0014 in lymphocytes, and under 0.0001 in monocyte. 
The active TB, LTBI, and healthy control groups all had p values under 
0.0001 in neutrophils, 0.0006 in lymphocyte, under 0.0001 in mono-
cytes, 0.0245 in basophils. There was no statistically significant differ-
ence in eosinophil counts among the active TB, LTBI, and healthy 
control groups (Table 5). 

Automatic hematology analyzer scatter gram of active TB, LTBI and 
healthy control (Fig. 4). Scatter size of sky blue NEUT + BASO and green 
monocytes was increased in the WDR scatter gram of the active TB group 
(Fig. 4A-1). Scatter size of light blue WBC was also increased in the WNR 
scatter gram of the active TB group (Fig. 4A-2). WNR scatter grams of the 
LTBI and healthy control groups showed smaller scatter plots of light 
blue NEUT + BASO and green monocytes, and increased pink 
Lymphocyte scatter plots compared to the WNR scatter gram of the 
active TB group (Fig. 4B-1, Fig. 4C-1). The WDF scatter grams of LTBI 
and healthy control groups have smaller scatter sizes of light blue WBCs 
than the WDF scatter grams of active TB groups (Fig. 4B-2 and Fig. 4C- 

Table 2 
Complete blood cell count analysis results between the active TB, LTBI, and 
healthy control groups.  

Cell Type Acitve TB, mean 
count ± SD (range) 

LTBI, mean count 
± SD (range) 

Healthy control, 
mean count ± SD 
(range) 

White blood 
cell (1 ×
103/μL) 

8.01 ± 2.94 
(3.09–15.22) 

6.13 ± 1.96 
(3.34–13.81) 

5.70 ± 1.41 
(2.29–8.75) 

Red blood cell 
(1 × 106/μL) 

4.14 ± 0.40 
(3.24–4.69) 

4.54 ± 0.38 
(3.98–5.54) 

4.40 ± 0.36 
(3.74–5.48) 

Platelet (1 ×
103/μL) 

298.80 ± 86.65 
86.65 
(160.00–484.00) 

276.72 ± 58.56 
(168.00–371.00) 

257.30 ± 48.57 
(168.00–416.00) 

Hemoglobin 
(g/dL) 

12.10 ± 1.66 
(8.50–14.70) 

13.58 ± 1.27 
(9.90–16.60) 

13.50 ± 1.14 
(10.70–16.70) 

SD: Standard Deviation. 

Fig. 1. Comparison of complete blood cell count analysis results between the active TB, LTBI, and healthy control groups A. White blood cell (WBC), B. Red blood 
cell (RBC), C. Hemoglobin (Hb), D. Platelet (PLT). 

Table 3 
Statistical data of complete blood cell count analysis between the active TB, 
LTBI, and healthy control groups.  

Cell type Active TB 
vs. LTBI 

LTBI vs. 
healthy 
control 

Active TB vs. 
healthy 
control 

Active TB vs. 
LTBI vs. healthy 
control 

White blood 
cell  

0.0086**  0.2461 < 0.0001*** < 0.0001*** 

Red blood 
cell  

0.0006***  0.1755 0.0026** 0.0008*** 

Platelet  0.2828  0.1055 0.0084** 0.0226* 
Hemoglobin  0.0007***  0.6694 < 0.0001*** < 0.0001***  

* p < 0.0500; ** p < 0.0100; *** p < 0.0010. 
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Fig. 2. ROC curve analysis based on results of complete blood cell count analysis between the acitve TB and healthy control groups A. White blood cell (WBC), B. Red 
blood cell (RBC), C. Platelet (PLT), D. Hemoglobin (Hb). 

Fig. 3. Comparison of WBC differential count analysis results between the active TB, LTBI, and healthy control groups A. Neutrophil, B. Lymphocyte, C. Monocyte, D. 
Eosinophil, E. Basophil. 
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2). 

3.4. ROC curve analysis based on results of WBC differential count 
analysis 

The analysis of ROC curve was performed to ensure that the results 
were clinically applicable. The p value of the ROC curve for neutrophils 
was under 0.0001 and the AUC was 0.8111. The p value of the ROC 
curve for lymphocytes was 0.0010, and the AUC was 0.7402. The p value 
of the ROC curve for monocytes was under 0.0001, and the AUC was 
0.8679. There were no statistically significance differences in the ROC 
curves of the eosinophils, or basophil (Fig. 5). Of the WBC differential 
count results, the p values of neutrophils, lymphocytes, and monocytes 
were all statistically significant (p < 0.0500), and the AUC was 
approximately 0.8064 (Fig. 5). 

4. Discussion 

TB is a serious infectious disease with high infection and mortality 
rates [2]. According to the 2019 WHO report, approximately half a 
million (range, 417,000–556,000) new cases of rifampicin-resistant TB 
(of which 78% are multi-drug-resistant TB) are diagnosed, and this 
increasing resistance rates is a major concern in TB treatment and 
management (WHO, 2020). Among the OECD, the Republic of Korea has 
a high prevalence and mortality rate of TB [16]. TB management is 

important for the rapid differentiation of LTBI from active TB and 
appropriate anti-TB treatment. 

The most commonly used diagnostic tool for tuberculosis is a simple 
skin test, though blood tests are becoming more commonplace. 
Currently, TST or IGRA tests are used alone to diagnose LTBI (Korean 
Guidelines for tuberculosis, 2017). However, it is difficult to distinguish 
between LTBI and active TB with a single test among the two tests 
mentioned, and it may result in false negative results for reasons such as 
immunosuppression. However, additional screening tests, such as the 
CBC and WBC differential counts and additional inflammatory mediator 
test are expected to improve the quality of TB diagnosis. This study aims 
to compare the CBC and WBC differential counts of whole blood samples 
to differentiate active TB and LTBI. 

According to one study, TB is associated with the activation of the 
immune system and with the number and form of WBCs that release 
various cytokines [17]. In the early stages of MTB infection, MTB moves 
and accumulates in lung lesions, there by increasing the number of 
WBCs associated with the host’s innate immune mechanism [18]. In 
another study, a group exposed to MTB and developing TB (home con-
tact) showed statistically significantly higher levels (p < 0.0500) of 
leukocytes than did a community control group [14]. In the present 
study, the CBC of active TB group had a statistically significant increase 
in WBC (p < 0.0100, AUC = 0.7727) than did the LTBI and healthy 
control groups. Chronic infection caused by MTB reduces chlorine and 
factors that stimulate erythrocytes, such as hepcidin; consequently, iron 
imbalance occurs, and the regulation of sTfR mechanisms is inhibited, 
thus resulting in anemia [19]. In another study, 31.9% of patients 
diagnosed with TB had anemia, and the Hb concentrations in 45 patients 
were <10 g/dL [20]. In another study, TB in the elderly continues to be a 
problem worldwide, and a retrospective evaluation of data from patients 
diagnosed with pulmonary TB over 65 years of age reported that there 
were many cases of treatment failure such as weight loss and dyspnea 
[21]. Therefore, in order to diagnose patients who are vulnerable to TB 
management, there is a need for a new diagnostic marker that can be 
commonly diagnosed in clinical practice. 

In the present study, a result of CBC revealed that the Hb concen-
tration (p < 0.0010, AUC = 0.7394) and WBC differential count of 
lymphocytes (p < 0.0100, AUC = 0.7402) in the active TB group were 
significantly decreased than those in the LTBI and healthy control 
groups. Besides, WBC differential count of neutrophils (p < 0.0010, AUC 
= 0.8111) and monocytes (p < 0.0010, AUC = 0.8679) in active TB had 
a statistically significant increase than those in the LTBI and healthy 
control groups. 

In conclusion, total WBCs, neutrophils, lymphocytes and monocytes 
were statistically significant biomarkers for the differentiation of active 
TB, LTBI and healthy control groups. By comparing the expression levels 
of these markers in whole blood of active TB, LTBI, and healthy control 
groups, it will be useful as an indicator for differential diagnosis and 
provide basic data for effective diagnosis and treatment. Further studies 
with larger number of clinical samples and populations than those in the 
current work are needed to confirm the importance of this study and to 
improve the accuracy of discrimination between the active TB and LTBI. 
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Table 4 
WBC differential counts analysis results between the active TB, LTBI, and 
healthy control groups.  

Cell type Acitve TB, mean 
count (range) 

LTBI, mean 
count (range) 

Healthy control, 
mean count 
(range) 

Neutrophil (1 ×
103/ 
μL) 

5.77 ± 2.76 
(2.01–11.99) 

3.44 ± 1.62 
(1.48–10.40) 

3.25 ± 1.21 
(0.85–6.97) 

% 70.00 
(44.50–90.70) 

54.80 
(41.50–75.30) 

55.61 
(37.10–79.60) 

Lymphocyte (1 ×
103/ 
μL) 

1.45 ± 0.79 
(0.31–3.58) 

2.06 ± 0.57 
(1.38–4.01) 

1.91 ± 0.44 
(1.01–3.29) 

% 19.31 
(4.90–44.60) 

34.75 
(16.10–50.00) 

34.73 
(12.70–50.10) 

Monocyte (1 ×
103/ 
μL) 

0.65 ± 0.26 
(0.27–1.29) 

0.42 ± 0.15 
(0.28–1.01) 

0.38 ± 0.10 
(0.14–0.68) 

% 8.70 
(4.30–15.30) 

6.94 
(4.60–12.80) 

6.80 
(3.80–14.00) 

Eosinophil (1 ×
103/ 
μL) 

0.11 ± 0.08 
(0.00–0.23) 

0.16 ± 0.16 
(0.01–0.70) 

0.12 ± 0.11 
(0.01–0.72) 

% 1.53 (0.00–3.50) 2.74 
(0.10–12.40) 

2.17 (0.20–9.40) 

Basophil (1 ×
103/ 
μL) 

0.03 ± 0.02 
(0.00–0.06) 

0.05 ± 0.02 
(0.01–0.09) 

0.04 ± 0.02 
(0.01–0.10) 

% 0.43 (0.00–1.20) 0.78 
(0.20–1.50) 

0.69 (0.20–1.60)  

Table 5 
Statistical data of WBC differential count analysis between the active TB, LTBI, 
and healthy control groups.  

Cell type Active TB 
vs. LTBI 

LTBI vs. 
healthy 
control 

Active TB vs. 
healthy 
control 

Active TB vs. 
LTBI vs. healthy 
control 

Neutrophil  0.0005***  0.5334 < 0.0001*** < 0.0001*** 

Lymphocyte  0.0026**  0.2027 0.0014** 0.0006*** 

Monocyte  0.0002***  0.1471 < 0.0001*** < 0.0001*** 

Eosinophil  0.1310  0.1309 0.6604 0.1799 
Basophil  0.0117*  0.0701 0.1497 0.0245*  
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Fig. 4. Automated hematology analyzer scattergram between the active TB, LTBI, and healthy control groups A-1. WDF of active TB, A-2. WNR of active TB, B-1. 
WDF of LTBI, B-2. WNR of LTBI, C-1. WDF of healthy control, C-2. WNR of healthy control. 

Fig. 5. ROC curve analysis of WBC differential counts between the active TB and healthy control groups A. Neutrophil, B. Lymphocyte, C. Monocyte, D. Eosinophil, 
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