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Abstract

Background
This research aimed to investigate the clinical value and characteristics of peripheral blood lymphocyte subsets in
tuberculosis (TB) patients by �ow cytometry.

Methods
The Absolute counts of T, CD4+ T, CD8+ T, NK, NKT and B lymphocytes were detected in 217 cases of pulmonary TB
(PTB), 163 cases of PTB & extra-PTB and 65 cases of extra-PTB patients. We analyzed the change characteristic of
subset counts with the clinical parameters in PTB and compared the subsets differences among PTB, PTB with extra-
PTB, and extra-PTB patients.

Results
The absolute counts of six subsets in 75.3% of PTB patients were lower than the normal reference range, and 44%
patients showed lower CD4+ lymphocytes. (1) The absolute counts of T, CD4+ T, CD8+ T and B lymphocytes was
signi�cantly lower in patients older than 60 years old. (2) The NKT cell counts was signi�cantly lower in female
patients than the males; (3) 40.8% of patients with positive etiological results and 49.2% of extra-PTB patients
showed lower CD8+ T and NK cell counts below the reference range respectively. (4) The T and CD4+ T lymphocyte
counts in PTB with positive IGRA were signi�cantly higher than those with negative IGRA; (5) The T and CD8+ T cell
counts in PTB with positive IgG antibody were decreased; (6) The T, CD4+ T, CD8+ T and B cell counts reduced with the
increasing lesion lobe numbers, accelerated ESR, complications with anemia and low serum albumin, and NK cells
also decreased in patients with anemia and low serum albumin; and the T, CD8+, and B cells signi�cantly decreased in
PTB patients with diabetes, while NKT increased.

Conclusions
The immune function in most TB patients is impaired and the absolute counts of lymphocyte subsets could be used
as the evidence for immune intervention and monitoring the curative effect.

Background
Tuberculosis (TB) is a global disease that seriously threatens human health. According to the WHO TB report (1), there
were 10 million TB patients, 558,000 patients with multidrug-resistant TB (MDR-TB) or rifampicin-resistant TB
worldwide in 2017. A total of 1.3 million patients died of TB. China was one of 22 countries with high TB burden and
one of 27 countries with severe TB resistance.

In recent years, it has been gradually recognized that TB is not only a kind of infectious disease, but also an immune
disease. Mycobacterium tuberculosis (M. tb) interacts with the host's immune system after infection. The occurrence,
development and prognosis of TB are closely related not only to the number and virulence of invasive M. tb, but also
to the immune status and immune responses of the host (2). Therefore, it is important to evaluate the infected hosts’
immunity and their clinical immunological characteristics. However, only the following methods can be used to
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evaluate the immune function of TB patients in clinic at present: (1) humoral immune function analysis: mainly
detecting anti-TB antibodies in sera; (2) cellular immune function analysis: mainly analyzing percentages and
absolute counts of lymphocyte subsets, cytokines (Interferon Gamma Release Assays, IGRA), and delayed-type
hypersensitivity reaction (tuberculin skin test). The immune response against TB is principally cell mediated. Flow
cytometry (FCM) analysis of peripheral blood lymphocyte subsets is one of the main methods for clinical evaluation
of immune function of the subjects, which helps to understand the immune status, immune function and immune
balance of TB patients, and provides the basis for immune intervention, curative effect observation and prognosis
judgment of TB patients. This detection has been widely used in the patients with hematology, cancer, acquired
immune de�ciency syndrome, (AIDS) etc., but there are few reports on its application in the TB (3).

According to the expression of cluster of differentiation (CD) antigens on the cell surface, human peripheral blood
lymphocyte could be routinely divided into three subsets in clinic: T lymphocyte (CD3+), B lymphocyte (CD19+) and
natural killer lymphocyte (NK, CD3−CD16+CD56+). Normally, T cells account for more than 65% of the total
lymphocyte count, consisted mainly of αβ T cells (90%-95% of the total T cells), which are the most important immune
effector cells in human beings. T cells mainly include helper/inducible T cells (CD3+CD4+CD8−, also known as CD4+ T
cells), cytotoxic/inhibitory T cells (CD3+CD8+CD4−, also known as CD8+CD4−, or CD8+ T cells) and NKT cells
(CD3+CD56+CD16+), etc. Protective cellular immunity against TB is mainly mediated by CD4+ T lymphocytes with
support from CD8+ T lymphocytes (4, 5). The main functions of CD4+ T cells are production of cytokines, such as
interferon-γ (IFN-γ), and immunity reaction against M. tb infection by the Th1 response (4). NK cells provide innate
protection against M. tb. It has been reported that NK cells may mediate the killing of intracellular M. tb via apoptosis
(6). Natural killer T (NKT) cells, which can be identi�ed by the phenotype CD3+CD56+, have also been shown to
participate in the immunity against TB (7). B lymphocytes can transform into plasma cells secreting anti-M. tb
antibodies after activation, and assist cellular immune response to play anti-TB role (8).

Despite the pivotal importance of lymphocytes in anti-TB immunity, most researchers studied the changes of
lymphocyte subsets only by means of percentage method rather than the absolute counts in TB cases, which had
obtained inconsistent results (9–11). Furthermore, there were few reports about clinical studies based on large data in
this �eld, and systematic and complete understanding were absent at present. Therefore, this study aimed to
understand the immune status of TB patients by determining the absolute counts of the T lymphocytes, CD4+ and
CD8+ T lymphocytes, NK lymphocytes, NKT lymphocytes, and B lymphocytes in 217 cases of pulmonary TB patients
(PTB), 163 cases of PTB with extra-PTB patients and 65 cases of extra-PTB patients by means of �ow cytometry, and
analyze the characteristics of lymphocyte subsets in PTB patients. And we also discussed the importance of
lymphocyte subsets detection in clinical evaluation and treatment of TB patients.

Material And Methods

Patients
The study population consisted of 446 TB patients hospitalized in the 8th Medical Center of Chinese PLA General
Hospital in China. These patients were enrolled from April to October in 2018, which included 217 cases of PTB, 163
cases of PTB with extra-PTB patients and 65 cases of extra-PTB patients. Of 217 cases of PTB patients, 52 cases
were combined with diabetes mellitus and 76 cases with anemia. Major clinical characteristics of the patients are
summarized in Table 1. The diagnostic criteria were based on the guidelines of “WS 288–2017 diagnosis standard of
pulmonary tuberculosis” and “WS 196–2017 classi�cation standard of tuberculosis” (12, 13) (including TB history,
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symptoms, signs, etiological examination, imaging examination, histopathological examination and treatment
e�cacy). All patients were negative for HIV infection and without receiving immunosuppressive agent.

Table 1
The detailed demographic and clinical information of the study population

Group Pulmonary TB Pulmonary & extra-pulmonary TB Extra-pulmonary TB

Age (Mean ± SD) 45.4 ± 19.4 41.8 ± 19.5 40.1 ± 15.8

Male: Female 135:82 98:66 31:34

TB types      

Pulmonary TB 217 cases 164 cases 65 cases

Tuberculous pleurisy   55 cases 15 cases

Endobronchial TB   39 cases  

Bone TB   18 cases 10 cases

Lymph node TB   16 cases 15 cases

Tuberculous meningitis   14 cases 6 cases

Urogenital TB   10 cases 11 cases

Intestinal TB   8 cases  

Thoracic TB   5 cases 1 case

Abdominal TB   4 cases 5 cases

Laryngophthisis   2 cases  

Adrenal TB   1 case 1 case

TB polyserositis   1 case 1 case

Blood sample
Blood samples from TB patients were collected as soon as they were hospitalized. 2 ml of venous peripheral blood
sample was collected and reversed for mixing 6–8 times in anticoagulant blood vessels.

Absolute counts of blood lymphocyte subsets by �ow cytometry
To measure the absolute counts of lymphocyte subsets, peripheral blood from TB patients were collected. The 50 µl
of blood was transferred to the BD Trucount tubes (BD, USA, product code: 340334) containing aliquot of 20 µl 6-color
TB NK reagent [including monoclonal antibodies labeled with �uorochromes: anti-CD45 (PerCP-Cy5.5), anti-CD3
(FITC), anti-CD4 (PE-Cy7), anti-CD8 (APC-Cy7), anti-CD16 + CD56 (PE) and anti-CD19 (APC) (BD, USA, product code:
337166)], the samples were homogenized and incubated for 15 min at room temperature in the dark. Red blood cell in
each sample was lysed by adding 450 µl of FACS lysis solution 1:10 diluted by ddH2O (Becton Dickinson, product
code: 349202) and incubated for 15 min at room temperature in the dark. Subsequently, samples were acquired using
FACS Arial II �ow cytometer (BD, San Jose, CA, USA). The de�nition of each gate for six lymphocyte subsets were
shown in Fig. 1. At least 5000 lymphocytes were obtained, and the software Diva was used for data analysis. The
absolute counts for each subset were calculated as follows: cell/L= (total number of cells acquired × total number of
Beads) / (total number of beads acquired × sample volume).
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Collection of clinical data of patients
We collected the clinical data of 217 cases of simple PTB patients retrospectively, the parameters and information
were recorded as follows: the age and gender of patients; medical history; the etiological detection results of M. tb
including sputum smear, sputum culture, DNA and RNA detection of M. tb in sputum; the immunoassay results of
interferon-γ release assay (IGRA) and serum IgG antibody detection; X-ray and CT results of patients; and blood test
results of erythrocyte sedimentation rate (ESR), serum albumin (Alb) and hemoglobin.

Sputum smear was conducted with Ziehl-Neelsen acid-fast staining; sputum culture was performed using BACTEC™
MGIT™ 960 Mycobacterium Culture and Detection System (Becton Dickinson Company); DNA detection was
performed by Mycobacterial Real-time PCR Detection Kit (Capital Bio, Beijing, China,); RNA detection Kit was
Isothermal RNA Ampli�cation Assay for M. tb (REMDU Biotechnology, Shanghai, China) using the technique of
Simultaneous Ampli�cation and Testing (SAT); IGRAs were performed using the T cell detection kit for tuberculosis
infection (ELISA in vitro) (WANTAI Bio-pharm, Beijing, China) or Mycobacterium tuberculosis speci�c cellular immune
response detection kit (ELISPOT in vitro) (Health-Digit, Shanghai, China); serum IgG antibody was detected using
Diagnostic Kit for Antibody to Mycobacterium tuberculosis (Colloidal Gold) (Upper Biotech, Shanghai, China)

Statistical analysis
The data were managed with Excel 2016 (Microsoft, Redmond, WA, USA) and transferred to SPSS16.0 statistical
software package (SPSS Corp., Chicago, IL) for statistical analysis. All data are presented as mean ± standard
deviation: The differences between the different groups were analyzed by the Student’s t-test or X2-test, where
appropriate. P-value < 0.05 was considered statistically signi�cant.

Results

Lymphocyte pro�le in the peripheral blood from patients with
pulmonary TB
As showed in Fig. 2, the absolute counts of T lymphocytes, CD4+T cell, CD8+T cell, NK cell, NKT cell and B
lymphocytes in 39.9% (152/381), 43.8% (167/381), 32.8% (125/381), 41.2% (157/381), 31.0% (118/381), and 24.1%
(92/381) PTB patients were lower than the reference range for healthy Chinese respectively (14). 75.3% (275/381) of
PTB patients had lower absolute counts of various types of lymphocyte subsets than the reference range in varying
degree. And the absolute counts of T, CD4+, CD8+, NK, NKT, and B lymphocyte in 22 TB patients were all lower than the
normal ranges simultaneously, in which 12 (55.4%) cases with hypoproteinemia, 12 (55.4%) cases with anemia, 12
(55.4%) cases with liver injury, 8 (36.4%) cases with leukopenia, and 7 cases (31.8%) with diabetes.

Variation of absolute counts of lymphocyte subsets with different ages and genders in simple PTB patients

All PTB patients were divided into four age groups, namely < 25, 26–44, 45–59, and < 60 years old, as shown in Fig. 3
and Table 2. The absolute counts of T, CD4+, CD8+, NK, NKT, and B lymphocyte peaked at 26–44 of age, and then
decreased gradually with the increase of age. Especially for T, CD4+, CD8+, and B lymphocyte, the declining trend was
particularly obvious, their absolute counts in PTB patients over 60 years old were signi�cantly lower than those of
patients between 26 and 44 years old (p < 0.05, details showed in Table 2). Figures 4 showed that the absolute counts
of all 6 subsets in male group were higher than those in female group, but the difference between male group and
female group was signi�cant only in NK cell group (p = 0.0257).
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Table 2
Comparisons of lymphocyte subset absolute counts among the different groups divided by clinical parameters in 217

simple PTB patients
Groups Cases Mean ± SD of absolute lymphocyte subset counts (cells/ µl) P value

T subset CD4
subset

CD8
subset

NK
subset

NKT
subset

B subset

Age                

≤ 25 47 1247 ± 
425.1 a1

675.5 ± 
263.5 a2

482.4 ± 
181.5a3,

b3

181.4 
± 
110.8

64.2 ± 
49.5

254.5 ± 
162.5 a4

a1, 0.006; b1,
0.000; c1, 0.012

a2, 0.026; b2,
0.000; c2, 0.029;

d, 0.044

a3, 0.048; b3,
0.015

a4, 0.000; b4,
0.000; c3, 0.005

26 ~ 44 61 1378 ± 
733.2 b1,

c1

803.3 ± 
460.4 b2,

c2

502.0 ± 
313.1 b3

263.4 
± 
242.8

93.0 ± 
97.0

250.8 ± 
148.5 b4

45 ~ 59 53 1110 ± 
553.3 c1

656.1 ± 
376.1 c2,

d

409.3 ± 
227.0 a3

190.5 
± 
122.1

88.4 ± 
84.6

205.5 ± 
151.2 c3

≥ 60 56 935.5 ± 
450.2a1,

b1

517.9 ± 
263.1a2,

b2, d

388.9 ± 
236.5

219.6 
± 
164.4

74.1 ± 
70.3

130.1 ± 
89.4 a4,

b4, c3

Gender                

Male 136 1211.4 ± 
599.1

690.3 ± 
377.5

459.6 ± 
261.0

223.9 
± 
150.4

90.9 ± 
89.5 a

209.4 ± 
152.4

a, 0.022

Female 81 1078.1 ± 
553.4

615.3 ± 
356.4

411.4 ± 
228.5

207.2 
± 
206.7

66.1 ± 
56.2 a

206.7 ± 
142.9

Etiological
examination

               

Negative 71 1255 ± 
78.09

704.5 ± 
46.0

479.3 ± 
34.1

208.5 
± 16.7

78.42 
± 8.7

219.2 ± 
17.9

 

Positive 125 1110 ± 
47.41

636.5 ± 
31.1

422.6 ± 
20.8

214.7 
± 13.5

85.03 
± 7.7

205.6 ± 
13.3

IGRA results                

Negative 48 1005.0 ± 
532.0 a1

561.29 ± 
297.8 a2

388.3 ± 
222.7

201.8 
± 
129.4

72.5 ± 
69.7

191.9 ± 
131.9

a1, 0.0462

a2, 0.023

Positive 151 1223.8 ± 
592.0 a1

698.7 ± 
379.0 a2

466.6 ± 
260.4

225.3 
± 
191.96

85.4 ± 
83.8

217.9 ± 
154.9

IgG results                

Negative 116 1188 ± 
618.3 a1

656.4 ± 
34.8

465.8 ± 
25.4 a2

204.1 
± 13.2

85.7 ± 
7.4

210.2 ± 
14.3

a1, 0.0343; a2,
0.0136
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Groups Cases Mean ± SD of absolute lymphocyte subset counts (cells/ µl) P value

T subset CD4
subset

CD8
subset

NK
subset

NKT
subset

B subset

Positive 57 995.2 ± 
412.2 a1

594.3 ± 
35.4

364.8 ± 
25.7 a2

224.9 
± 22.6

79.8 ± 
12.2

189.9 ± 
14.8

ESR results                

Negative 91 1320 ± 
61.1 a1

735 ± 
36.7 a2

499.8 ± 
29.2 a3

223.5 
± 14.7

83.7 ± 
8.3

250.6 ± 
16.8 a4

a1, 0.0003; a2,
0.0065

a3, 0.0034; a4,
0.0003Positive 106 1024 ± 

53.1 a1
594.7 ± 
35.3 a2

394.5 ± 
21.4 a3

204.1 
± 14.8

81.6 ± 
8.1

174.5 ± 
12.6 a4

Serum Alb                

Low (< 
35 g/L)

73 955.7 ± 
64.3 a1

566.2 ± 
43.0 a2

358.2 ± 
26.7 a3

184.4 
± 17.2
a4

76.3 ± 
8.2

153.5 ± 
16.4 a5

a1, < 0.0001;
a2,0.0034; a3,
0.0003;

a4, 0.0446; a5 < 
0.0001Normal

(35–50 g/L)
116 1290 ± 

52.0 a1
723.2 ± 
32.2 a2

492.4 ± 
23.9 a3

228.1 
± 13.3
a4

87.6 ± 
8.3

242.4 ± 
13.0 a5

Chest
radiography

               

1 lobe 47 1501.0 ± 
663.2 a1,

b1

845.7 ± 
490.9 a2,

b2

571.9 ± 
224.3 a3,

b3

241.4 
± 
126.9

95.9 ± 
91.0

275.2 ± 
170.6 a4

a1, 0.000; b1,
0.002

a2, 0.000; b2,
0.016

a3, 0.000; b3,
0.001

a4, 0.000; b4,
0.038

2 ~ 3 lobes 59 1165.6 ± 
495.5 b1

675.6 ± 
327.5 b2

416.1 ± 
174.5 b3

233.8 
± 
228.7

75.2 ± 
66.0

222.6 ± 
134.4 b4

4 ~ 5 lobes 111 1032.5 ± 
540.2 a1

584.9 ± 
300.0 a2

408.4 ± 
280.0 a3

196.8 
± 
157.5

77.3 ± 
80.0

174.5 ± 
134.3a4,

b4

Cavities                

0 73 1310.5 ± 
652.2 a1

719.9 ± 
406.0

520.9 ± 
300.8 a2,

b

199.2 
± 
215.0

229.1 
± 
162.2

1310.5 ± 
652.2

a1, 0.014; a2,
0.001; b, 0.01

1 ~ 2 76 1138.5 ± 
445.7

651.6 ± 
282.1

416.5 ± 
181.0 b

243.3 
± 
144.6

200.1 
± 
111.4

1138.5 ± 
445.7

3 ~ 4 24 1089.9 ± 
550.3

606.5 ± 
322.7

457.9 ± 
274.3

202.7 
± 
159.4

231.5 
± 
152.1

1089.9 ± 
550.3

≥ 5 44 1035.6 ± 
662.4 a1

633.82 ± 
454.0

365.8 ± 
226.0 a2

206.5 
± 
154.5

180.8 
± 
174.0

1035.6 ± 
662.4

Treatment
course
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Groups Cases Mean ± SD of absolute lymphocyte subset counts (cells/ µl) P value

T subset CD4
subset

CD8
subset

NK
subset

NKT
subset

B subset

Initial
treated

166 1205.6 ± 
596.3

687.2 ± 
385.1

458.3 ± 
254.1

229.1 
± 
189.7

79.0 ± 
74.5

212.0 ± 
150.6

 

Retreated 51 1054.7 ± 
534.2

597.0 ± 
305.7

405.5 ± 
240.6

175.6 
± 
104.0

86.5 ± 
92.9

201.0 ± 
139.5

TB types                

PTB 217 1170.1 ± 
584.6

666.0 ± 
369.4

445.9 ± 
251.5

216.5 
± 
174.7

80.8 ± 
79.0

209.4 ± 
147.8

 

PTB & extra-
PTB

163 1144.4 ± 
543.4

639.5 ± 
330.4

446.29 
± 245.16

210.3 
± 
166.5

90.44 
± 85.7

207.7 ± 
294.8

Extra-PTB 65 1118.7 ± 
510.9

626.7 ± 
346.3

435.37 
± 216.19

179.1 
± 
122.4

81.06 
± 73.7

217.7 ± 
184.0

Diabetes
mellitus

               

YES 52 1003.0 ± 
436.1 a1

584.3 ± 
296.1

376.7 ± 
187. 9
a2

187.6 
± 
130.0

100.5 
± 
106.0
a3

159.8 ± 
110.9 a4

a1, 0.005; a2,
0.022; a3, 0.0386;

a4, 0.001

NO 165 1222.8 ± 
615.9 a1

691.8 ± 
386.8

467.8 ± 
265.1 a2

225.7 
± 
186.0

74.55 
± 67.6
a3

225.7 ± 
186.0 a4

Anemia                

YES 76 953.5 ± 
63.8 a1

562.1 ± 
43.6 a2

355.7 ± 
24.0 a3

186.1 
± 18.2
a4

68.6 ± 
6.6

165.6 ± 
17.4 a5

a1, < 0.0001; a2,
0.0018; a3,
0.0001;

a4, 0.0499; a5,
0.0005NO 119 1299 ± 

51.5 a1
727.0 ± 
31.1 a2

499.0 ± 
24.4 a3

228.3 
± 12.6
a4

91.7 ± 
8.5

240.6 ± 
12.9 a5

Variation of absolute counts of lymphocyte subsets with
etiological detection results in simple PTB patients
The etiological detection results of M. tb included sputum smear, sputum culture, DNA, and RNA detection of M. tb in
sputum. The patients with positive results in any detection above-mentioned were classi�ed as the positive group and
the others as the negative group. We compared the lymphocyte subsets absolute counts between the two groups. We
found that there was no signi�cant difference between the two groups, as showed in Table 2. But the percentages of
patients with lower absolute counts of T, CD4+, CD8+, NK, and NKT lymphocyte than the reference ranges were higher
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in the etiological positive group than in the etiological negative group. Especially for the CD8+ T lymphocyte, it was
signi�cantly different between two groups (p = 0.0295), as showed in Table 3.
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Table 3
Comparisons of Cases (%) below the standard range of lymphocyte subset absolute counts [14] among the different

groups divided by clinical parameters in 217 cases simple PTB patients
Groups Total

Cases
Cases (%) below the standard range P

value
T subset

(< 955
cells/µl)

CD4
subset

(< 550
cells/µl)

CD8
subset

(< 320
cells/µl)

NK subset

(< 150
cells/µl)

NKT
subset

(< 40
cells/µl)

B subset

(< 90
cells/µl)

Pathogenic
examination

               

Negative 71 28(39.4%) 31(43.7%) 18(25.4%)
a

26(36.6%) 23(32.4%) 15(21.1%) a,
0.0295

Positive 125 54(43.2%) 58(46.4%) 51(40.8%)
a

49(39.2%) 42(33.6%) 26(20.8%)

IGRA results                

Negative 48 26
(54.2%) a1

23
(47.9%)

22
(45.8%)

16
(33.3%)

24
(50.0%) a2

11
(22.9%)

a1,
0.0362

a2,
0.0079Positive 151 56

(37.1%) a1
62
(41.1%)

47
(31.1%)

58
(38.4%)

44
(29.1%) a2

33
(21.8%)

Treatment                

Initial
treated

166 65
(39.2%)

71
(42.8%)

53
(31.9%)

63
(38.0%)

57
(34.3%)

33
(19.9%)

 

Retreated 51 25
(49.0%)

26
(51.0%)

23
(45.1%)

22
(43.1%)

18
(35.3%)

14
(27.5%)

TB types                

PTB 217 92
(42.4%)

97
(44.7%)

77
(35.5%)

83
(38.2%)

75
(34.6%)

48
(22.1%)

 

PTB & extra-
PTB

163 62
(37.8%)

69
(42.1%)

49
(29.9%)

74
(45.1%)

43
(26.2%)

44
(26.8%)

Extra-PTB 65 29
(44.6%)

27
(41.5%)

22
(33.8%)

32
(49.2%)

23
(35.4%)

18
(27.7%)

Diabetes
mellitus

               

YES 52 30
(57.7%) a1

31
(59.6%) a2

25
(48.1%) a3

24
(46.2%)

16
(30.8%)

18
(34.6%) a4

a1,
0.0065

a2,
0.0131

a3,
0.0236

a4,
0.0093

NO 165 60
(36.4%) a1

66
(40.0%) a2

51
(30.9%) a3

61
(37.0%)

59
(35.8%)

29
(17.6%) a4
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Groups Total
Cases

Cases (%) below the standard range P
value

T subset

(< 955
cells/µl)

CD4
subset

(< 550
cells/µl)

CD8
subset

(< 320
cells/µl)

NK subset

(< 150
cells/µl)

NKT
subset

(< 40
cells/µl)

B subset

(< 90
cells/µl)

Anemia                

YES 76 44(57.9%)
a1

45(59.2%)
a2

36(47.4%)
a3

39(51.3%)
a4

30(39.5%) 29(38.2%)
a5

a1,
0.0002

a2,
0.0016

a3,
0.0052

a4,
0.0032

a5,
0.0000

NO 119 37(31.1%)
a1

43(36.1%)
a2

33(27.7%)
a3

36(30.3%)
a4

35(29.4%) 11(9.2%)
a5

Association of absolute counts of lymphocyte subsets with IGRAs
in PTB patients
As showed in Fig. 5 and Table 2, the mean absolute counts of 6 subsets in PTB patients were higher in the IGRA-
positive group than those in the IGRA-negative group, especially for T and CD4+ lymphocyte, the difference were
signi�cant (p = 0.0462, P = 0.023 respectively). Table 3 showed that for all six subsets, the percentages of patients
with absolute counts below the reference ranges in the IGRA-negative group were higher than those in the IGRA-
positive group. Especially for T and NKT cells, the differences were signi�cant (p = 0.0362, 0.0079 respectively).

Association of absolute counts of lymphocyte subsets with serum
anti-TB IgG tests in PTB patients
According to the results of serum anti-TB IgG antibody test, TB patients were divided into IgG-negative group and IgG-
positive group. The absolute counts of T lymphocyte and CD8+ T lymphocyte in IgG-negative group were signi�cantly
higher than those in IgG-positive group (P = 0.0343, 0.0136 respectively), while the numbers of B lymphocyte did not
increase signi�cantly in IgG-positive group, as showed in Table 2 and Fig. 6.

Association of absolute counts of lymphocyte subsets with ESR in
PTB patients
According to the ESR value, the PTB patients were divided into two groups: ESR-negative group whose ESR value was
within the reference range (male, 0–15 mm/h; female, 0–20 mm/h) and ESR-positive group whose ESR value was
higher than the reference range. After comparison, it was found that the absolute counts of T cells, CD4+ T cells, CD8+

T cells, and B cells were signi�cantly different between two groups, and the counts in ESR-negative group was
signi�cantly higher than those in ESR-positive group (P = 0.0003, 0.0065, 0.0034 and 0.0003 respectively). However,
there was no signi�cant difference between NK cells and NKT cells. The results were showed in Table 2 and Fig. 7.

Association of absolute counts of lymphocyte subsets with serum
Albumin in PTB patients
As showed in Table 2 and Fig. 8, we divided the PTB patients into two groups according to the results of serum
albumin values. The normal group had normal albumin value (35–50 g/L) and the abnormal group had lower
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albumin value (< 35 g/L). After comparison, we found that the absolute counts of T lymphocyte, CD4+ T lymphocyte,
CD8+ T lymphocyte, NK cell, and B lymphocyte were signi�cantly lower in abnormal group than those in the normal
group (P < 0.0001, P = 0.0034, P = 0.0003, P = 0.0446, P < 0.0001 respectively). But there was no signi�cant difference
in NKT cells between the two groups.

Association of absolute counts of lymphocyte subsets with chest
radiography in PTB patients
The imaging data of patients were observed from two perspectives. Firstly, the patients were divided into three groups
according to the numbers of lesion lobe: (1) one lobe group: lesions involving one lobe; (2) 2–3 lobes group: lesions
involving 2–3 lobes; (3) 4–5 lobes group: lesions involving 4–5 lobes. The absolute counts of T lymphocyte, CD4+

and CD8+ T lymphocyte were higher in one lobe group than those in 2–3 lobes and 4–5 lobes groups, and B
lymphocytes in one lobe and 2–3 lobes groups were signi�cantly higher than those in 4–5 lobes group (P values
showed in Table 2). The absolute counts of NK and NKT cells also showed the decreasing trend with the severity of
the lesion, but there was no signi�cant difference among the groups (as shown in Figs. 9A and Table 2). Secondly, the
patients were divided into four groups according to whether there were cavities and the numbers of cavities: (1) 0
cavity group; (2) 1–2 cavity group; (3) 3–4 cavities group; (4) ≥ 5 cavities group. The absolute counts of T
lymphocytes, CD4+ lymphocytes, and CD8+ lymphocytes were the highest in the no cavity group and showed a
downward trend with the increase of the number of cavities. The absolute count of T lymphocyte in 0 cavity group
was signi�cantly higher than that in ≥ 5 cavities group (P = 0.014), and the absolute count of CD8 + lymphocyte in the
0 cavity group was signi�cantly higher than that in 1–2 cavity group and ≥ 5 cavities group (P = 0.001, 0.01
respectively), while there was no obvious change among the other four lymphocyte subsets. (as showed in Figs. 9b
and Table 2).

Differences of lymphocyte subsets between initial-treated and
retreated PTB patients
The absolute counts of T, CD4 + T, CD8 + T, NK, and B lymphocytes in retreated patients were lower than those in initial
treated patients, and NKT cells in retreated patients were higher than those in initial treated patients, there were no
signi�cant difference (p > 0.05) (as showed in Figs. 10 and Table 2). Table 3 showed that the percentages of patients
with absolute counts below the reference range were higher in the retreated group than those in the initial treated
group for each of the six cell subsets.

In�uence of diabetes mellitus (DM) on the absolute counts of
lymphocyte subsets
Figure 11 and Table 2 showed that the absolute counts of T, CD8+ T, and B lymphocyte were signi�cantly lower in PTB
patients with DM than those without DM (P = 0.005, 0.022, 0.001 respectively), while the absolute count of NKT
lymphocyte was just the reverse ( P = 0.0386). Table 3 showed that the percentages of patients with DM, whose T,
CD4+, CD8 + and B lymphocyte counts were below the reference range, were signi�cantly higher than those of patients
without DM (P = 0.0065, 0.0131, 0.0236, 0.0093 respectively).

In�uence of Anemia on the absolute counts of lymphocyte subsets
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According to the hemoglobin value, we divided patients into two groups. The normal group had normal value (male,
120–165 g/L; female, 110–150 g/L) and the anemia group had lower hemoglobin value (male, < 120 g/L; female, < 
110 g/L). Figures 12 and 2 showed that the absolute counts of all lymphocyte subsets in PTB patients with anemia
were lower than those without anemia, in which T, CD4+, CD8+, NK and B lymphocytes showed signi�cant differences (
P < 0.0001, P = 0.0018, P = 0.0001, P = 0.0499, P = 0.0005 respectively). Table 3 showed that the percentages in the
patients with anemia, whose T, CD4+, CD8+, NK and B lymphocyte were below the reference ranges, were signi�cantly
higher than those in patients without anemia (P = 0.0002, 0.0016, 0.0052, 0.0032, 0.0000 respectively).

In�uence of the lesion location on the absolute counts of
lymphocyte subsets
The mean absolute counts of six lymphocyte subsets showed no signi�cant differences among PTB patients, PTB
complicated with extra-PTB patients and extra-PTB patients (P > 0.05), as showed in Table 2. Furthermore, the
absolute count of NK cells was maximal in PTB patients and minimal in extra-PTB patients. Table 3 showed that NK
cell absolute counts in 49.2% extra-PTB patients were below the reference range, and the proportion was quite high.

Discussion

Lymphocyte pro�les in the peripheral blood of TB patients
Most researchers have studied changes of lymphocyte subsets by means of proportion method in peripheral blood of
TB patients, and the results were inconsistent. In some studies, the percentages of CD4+ T cells were decreased, while
the percentages of CD8+ T cells were unchanged (15). Some studies showed that CD4+ T and NK cells were reduced
while CD8+ T and CD19+ B cells were increased, especially in advanced or disseminated TB (11). Morais-Papini et al.
reported that the absolute numbers of NK cells, NKT cells, CD4+ T cells and CD19+ B cells in the TB group decreased
signi�cantly when compared to the controls, the percentage of CD19+ B cells and NKT cells also reduced, but the
percentage of CD4+ T cells increased (16). Guglielmetti et al. observed reduction in the absolute numbers of CD4+ T
cells but no difference in the percentage of these cells (9). A study from Mexico reported that the percentages and
absolute numbers of B cells were signi�cantly lower in pulmonary TB patients than in healthy donors, the percentages
and absolute numbers of T cells were similar in TB patients and healthy donors, and no signi�cant differences in
percentages of CD4+ or CD8+ T cells between TB patients and healthy donors (17). We have noted that high
percentage of lymphocyte subsets does not mean a high absolute count. A false high proportion may be due to the
reduction of other lymphocyte subsets, and the proportions can be completely kept in the normal rage when all the
lymphocyte subset counts decreased or increased simultaneously. In our study, the absolute counts of T lymphocytes,
CD4+, CD8+, NK, NKT, and B lymphocytes based on large clinical data were analyzed, and we found that the counts of
each subsets hardly exceed the reference range, and 75.3% of TB patients had one or more of the six subsets below
the reference range (14). These results showed that TB patients displayed an altered lymphocyte pro�le in the
peripheral blood. Therefore, we still need absolute counts of these subsets based on large data to draw a de�nite
conclusion.

Lymphocyte subsets and clinical features
Tollerud believed that the count �uctuation of CD4+, CD8+ T cells would not exceed 10% from 20 to 70 age years old
in healthy people (18). But in our patients studied, the absolute counts of six cell subsets were at a high level in the
26–44 age group and then decreased with the increase of age after 45 years old, and the absolute counts of CD4+ T
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cell subsets was particularly affected by age. We speculated that the pathogenesis for young TB patients (< 26 years
old) may be related to insu�ciency of immune cells; for middle aged patients (26–44 years old), the pathogenesis
may be increased infection opportunities; for old patients (> 60 years old), their immune function had decreased to a
low level, which were manifested by the lowest absolute counts of lymphocyte subsets. Therefore, the old age was a
key factor affecting the immune status of TB patients. The �fth national TB epidemiological sampling survey in China
found that the proportion of elderly TB patients (> 60 years old) was as high as 48.8% (19). Other study also
manifested that T and B lymphocyte number in elderly TB patients were signi�cantly decreased, and their immune
function was lower than that in young and middle-aged patients, which directly affected the treatment effect and cure
time of elderly patients (20). Therefore, during the treatment course of senile TB patents, in addition to using
chemicals to kill M. tb, the clinicians should pay more attention to the immune regulation of patients, such as giving
the immunoregulator to improve cellular immune function, which may be helpful to control disease. Gender factor
also had a certain impact on the immunity of patients, the lymphocyte subset counts especially NKT cells in the
males was higher than female, which was not completely consistent with that the male was susceptible to TB
genetically and the TB incidence in the male was signi�cantly higher than that in the female (19). This may be due to
that the reduction of lymphocyte counts are not the only determinant leading to TB.

Although the average absolute counts of each subset were not signi�cantly affected by the etiological factor, the
percentage of TB patient with CD8+ T lymphocyte counts lower than the reference range was obviously higher in
etiological positive patients (40.8%) than that in negative patients (25.4%), which may be due to that CD8+ T cells play
an important part in protective immunity against M. tb and can limit pathogen growth by lysis of M. tb-infected cells
(21). Therefore, we speculated that the patients con�rmed with positive etiological detection results may have
insu�cient CD8+ T cell immune function, which brings challenges to the control on M. tb spread.

The IGRAs have been widely used in clinical auxiliary diagnosis of TB. However, IGRAs have certain false-negative
rates in TB patients (22). In our study, the average count in each subset in PTB patients were higher in IGRA-positive
group than in IGRA-negative group, especially T lymphocyte and CD4+ T lymphocyte. In IGRA-negative group, the T
and NKT lymphocyte counts below the reference range were in 54.2% and 50.0% patients respectively. Therefore, in
clinic, if there is a suspicious TB patient with negative IGRA result, it is necessary to distinguish whether it is true-
negative, not infected with M. tb, or false-negative due to insu�cient lymphocyte count or functional de�ciency. It has
been reported that lymphocyte subsets were strongly associated with immune response in both QFT-Plus and T-SPOT,
and the patients with CD4+ T cell ≥ 650/ L and CD8+ T cell ≥ 400/ L had signi�cantly higher positivity rates in both
QFT-Plus and T-SPOT, which was a good evidence of our view (23).

Cellular immunity has been considered to play a key role in anti-TB immunity, however the roles of humoral immunity
are unclear in regulating the immune response against M. tb (8), but some studies showed that B cells also played a
role in anti-TB immunity by antibody interacting with cellular immunity (24). In our study the absolute counts of B
lymphocyte did not show signi�cant difference between the IgG-positive and IgG-negative group, but the absolute
counts of T and CD8+ T lymphocyte decreased signi�cantly in the IgG-positive group. We cannot fully explain this
result, but previous studies (25) have shown that B lymphocytes induced by M. tb antigens can differentiate into
e�cient and short-lived plasma cells and secrete speci�c antibodies to play an anti-TB role; some of them can
differentiate into long-lived memory B cells, when they encounter pathogens again, they can differentiate into new
plasma cells and memory B cells quickly, and produce a large number of antibodies. Therefore, when the immune
response shifted from Th1 to Th2 in TB patients, B cells differentiated into plasma cells to secrete antibodies, which
leaded to the reduction of B cell in peripheral blood.
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Owing to the negative charge of sialic acid on the surface of erythrocytes membrane, erythrocytes can repel each
other and keep the distance of about 25 nm between each other, and they can disperse, suspend and sink slowly ex
vivo. The increase of �brinogen and immunoglobulin in the plasma leads to a marked increase of erythrocyte
sedimentation rate (ESR) in TB patients. We found that the absolute counts of T cells, CD4+ T cells, CD8+ T cells and
B cells were lower in patients with elevated ESR, while NK and NKT cells were almost unaffected. Because the ESR of
TB patients can re�ect the severity of the infectious disease to some extent (26, 27), we speculated that the counts of
T, CD4+ T, CD8+ T, and B lymphocyte can better re�ect the severity of the disease.

X-ray or CT lesion grading for pulmonary involvement was adopted for disease assessment. In our study, the absolute
counts of T, CD4+ T, CD8+ T, and B lymphocyte decreased signi�cantly with the increase of the numbers of pulmonary
lobes involved; and the absolute counts of T and CD8+ T cell had a greater impact on whether there were cavities or
not. It had been reported that the numbers of T, CD4+ (16, 28), CD8 +, and B lymphocyte (16) in patients with unilateral
pulmonary lobe lesions were higher than those in patients with bilateral pulmonary lobe lesions, which was consistent
with our results. Thus, insu�ciency of lymphocyte count has a great impact on the progression and severity of TB
and the lymphocyte subset detection is important for TB patients with extensive lesion.

NK cells are not only the �rst barrier of anti-TB immunity in human, but also play an important regulatory role in the
anti-TB immune responses (29). In our study, the NK cell absolute counts below the reference range were in 49.2%
extra-PTB patients, which was higher than the PTB patients. We speculated that the insu�cient number of NK cells
may be associated with the extrapulmonary dissemination of TB.

Lymphocyte subsets and complications
Among 22 PTB patients with six subset counts all lower than the reference ranges, most of them had diabetes
mellitus, hypoproteinemia, anemia and liver injury. Therefore, we further studied the lymphocyte subsets changes
in�uenced by diabetes, anemia and low serum albumin.

Diabetes mellitus and active TB interact with each other through blood glucose level, immunity and other factors,
forming a reciprocal vicious circle (30, 31). On one hand, the metabolic disorder and immune injury in patients with
diabetes mellitus promote the incidence and development of TB (30); on the other hand, TB also aggravate metabolic
disorder of diabetic patients (30), nearly 13% of pulmonary TB patients complicated with diabetes (32), which poses a
serious threat to the lives of patients (33). We found that the TB patients complicated with diabetes mellitus had lower
T, CD4+, CD8+, and B lymphocytes counts, and other study also showed that coincident diabetes altered the cellular
subset distribution of T cells, B cells, dendritic cells and monocytes in active TB (34). We also found that the NKT cells
were higher in TB patients complicated with diabetes. NKT is a unique subset of T lymphocytes, having both T cell
receptors and NK cell receptors on their cell surfaces. NKT cells are functionally distinct from conventional CD4+ and
CD8+ T cells, responding rapidly to lipid rather than peptide antigens, and secreting large amounts of Th1 and Th2
cytokines (35). It was reported that NKT cells signi�cantly increased in TB patients complicated with type 2 diabetes
mellitus (36), which was consistent with our results. The reason may be due to the high bacillary burden existed in
these patients (37).

In this study, the T, CD4+, CD8+, NK, and B cells in TB patients with anemia and low serum albumin were signi�cantly
decreased. The albumin was synthesized and secreted to extracellular by liver cells instead of being reserved in liver.
Normal albumin level can represent the normal liver function and re�ect the nutrition and health status of the host to a
certain extent.
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Based on all the data above, we think that it is necessary to evaluate the immune status of TB patients by lymphocyte
subsets detection. Especially for those complicated with diabetes mellitus, hypoproteinemia, anemia, and liver injury,
the lymphocyte subsets detection can help clinicians make comprehensive judgments and formulate treatment plans
suitable for individuals. If necessary, immune intervention can be provided to these patients to promote the recovery
of immune function.

Conclusion
The absolute counts of T, CD4+ T, CD8+ T, and B lymphocyte in TB patients decreased with aging, high ESR, the
aggravation of imaging lesions, and complications with diabetes, low Alb and anemia; the absolute counts of T and
CD4+ T cells obviously decreased in IGRA-negative TB patients; the absolute counts of NK cells decreased
signi�cantly in TB patients complicated with low Alb and anemia. These results con�rm that the immune defense
function in most TB patients is impaired, and the absolute counts of lymphocyte subsets could be used as the
evidence for immune intervention and monitoring the curative effect. However, only lymphocyte subsets counts
cannot meet the clinical needs well, it is necessary to �nd new function indicators to guide clinical diagnosis and
treatment of TB.
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Figures

Figure 1

BD 6-color TBNK reagent including monoclonal antibodies labeled with �uorochromes: anti-CD45 (PerCP-Cy5.5), anti-
CD3 (FITC), anti-CD4 (PE-Cy7), anti-CD8 (APC-Cy7), anti-CD16+CD56 (PE) and anti-CD19 (APC).
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Figure 2

Lymphocyte profile in the peripheral blood from patients with pulmonary TB. Among 379 cases of pulmonary TB,
75.3% (275 cases) of pulmonary TB patients had lower absolute counts of various type of lymphocyte subsets than
the reference range in varying degrees, 44% of pulmonary TB patients had lower CD4+T cell number than the
reference range, and the counts of T cell, CD4+ T cell, CD8+ T cell, NK cell, NKT cell and B cell in 22 patients were all
lower.

Figure 3
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Comparisons of lymphocyte subset absolute counts among four age groups in simple PTB patients. The blue bars
marked the signi�cant differences among different groups (p<0.05). The Y axis represented the mean values of the
lymphocyte subsets counts (cells/µl) and the X axis represented the lymphocyte subsets in four age-groups.

Figure 4

Comparisons of lymphocyte subset absolute counts between the gender groups in simple PTB patients. (A) T
lymphocytes (CD3+); (B) CD4+ T lymphocytes (CD3+ CD4+ CD8–); (C) CD8+ T lymphocytes (CD3+ CD4– CD8+); (D)
Natural killer (NK) cells (CD16&56+ CD3–); (E) NKT cells (CD16&56+CD3+); (F) B lymphocytes (CD3– CD19+). The
black bar marked the signi�cant difference (p<0.05). The red bars marked the mean ± SD levels of lymphocyte subset
absolute counts in each group.
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Figure 5

Comparisons of lymphocyte subset absolute counts between the IGAR-positive and IGAR-negative groups in simple
PTB patients. (A) T lymphocytes (CD3+); (B) CD4+ T lymphocytes (CD3+ CD4+ CD8–); (C) CD8+ T lymphocytes (CD3+
CD4– CD8+); (D) Natural killer (NK) cells (CD16&56+ CD3–); (E) NKT cells (CD16&56+CD3+); (F) B lymphocytes
(CD3– CD19+). The black bar marked the signi�cant difference (p<0.05). The red bars marked the mean ± SD levels
of lymphocyte subset absolute counts in each group.
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Figure 6

Comparisons of lymphocyte subset absolute counts between the IgG antibody response negative and positive groups
in simple PTB patients. (A) T lymphocytes (CD3+); (B) CD4+ T lymphocytes (CD3+ CD4+ CD8–); (C) CD8+ T
lymphocytes (CD3+ CD4– CD8+); (D) Natural killer (NK) cells (CD16&56+ CD3–); (E) NKT cells (CD16&56+CD3+); (F)
B lymphocytes (CD3– CD19+). The black bar marked the signi�cant difference (p<0.05). The red bars marked the
mean ± SD levels of lymphocyte subset absolute counts in each group.
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Figure 7

Comparisons of lymphocyte subset absolute counts between the ESR (erythrocyte sedimentation rate) negative and
positive groups in simple PTB patients. (A) T lymphocytes (CD3+); (B) CD4+ T lymphocytes (CD3+ CD4+ CD8–); (C)
CD8+ T lymphocytes (CD3+ CD4– CD8+); (D) Natural killer (NK) cells (CD16&56+ CD3–); (E) NKT cells
(CD16&56+CD3+); (F) B lymphocytes (CD3– CD19+). The black bar marked the signi�cant difference (p<0.05). The
red bars marked the mean ± SD levels of lymphocyte subset absolute counts in each group.
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Figure 8

Comparisons of lymphocyte subset absolute counts between the low and normal serum Alb groups in simple PTB
patients. (A) T lymphocytes (CD3+); (B) CD4+ T lymphocytes (CD3+ CD4+ CD8–); (C) CD8+ T lymphocytes (CD3+
CD4– CD8+); (D) Natural killer (NK) cells (CD16&56+ CD3–); (E) NKT cells (CD16&56+CD3+); (F) B lymphocytes
(CD3– CD19+). The black bar marked the signi�cant difference (p<0.05). The red bars marked the mean ± SD levels
of lymphocyte subset absolute counts in each group.
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Figure 9

Comparisons of lymphocyte subset absolute counts respectively among the different pulmonary lesion lobe groups
(A) and among the different pulmonary cavity groups (B) in simple PTB patients. The blue bars marked the signi�cant
difference (p<0.05). The Y axis represented the mean values (cells/µl) of the lymphocyte subsets and the X axis
represented the lymphocyte subset groups.
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Figure 10

Comparisons of lymphocyte subset absolute counts between the initial treated and retreated groups in simple PTB
patients. (A) T lymphocytes (CD3+); (B) CD4+ T lymphocytes (CD3+ CD4+ CD8–); (C) CD8+ T lymphocytes (CD3+
CD4– CD8+); (D) Natural killer (NK) cells (CD16&56+ CD3–); (E) NKT cells (CD16&56+CD3+); (F) B lymphocytes
(CD3– CD19+). The black bar marked the signi�cant difference (p<0.05). The red bars marked the mean ± SD levels
of lymphocyte subset absolute counts in each group.
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Figure 11

Comparisons of lymphocyte subset absolute counts between the PTB patients with and without Diabetes Meletus
(DM) groups. (A) T lymphocytes (CD3+); (B) CD4+ T lymphocytes (CD3+ CD4+ CD8–); (C) CD8+ T lymphocytes (CD3+
CD4– CD8+); (D) Natural killer (NK) cells (CD16&56+ CD3–); (E) NKT cells (CD16&56+CD3+); (F) B lymphocytes
(CD3– CD19+). The black bar marked the signi�cant difference (p<0.05). The red bars marked the mean ± SD levels
of lymphocyte subset absolute counts in each group.
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Figure 12

Comparisons of lymphocyte subset absolute counts between the simple PTB patient groups with anemia and without
anemia. (A) T lymphocytes (CD3+); (B) CD4+ T lymphocytes (CD3+ CD4+ CD8–); (C) CD8+ T lymphocytes (CD3+
CD4– CD8+); (D) Natural killer (NK) cells (CD16&56+ CD3–); (E) NKT cells (CD16&56+CD3+); (F) B lymphocytes
(CD3– CD19+). The black bar marked the signi�cant difference (p<0.05). The red bars marked the mean ± SD levels
of lymphocyte subset absolute counts in each group.


