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Objective: To explore inflammation markers of C-reactive protein (CRP), neutrophil-to-lymphocyte ratio (NLR), monocyte-to-
lymphocyte ratio (MLR), platelet-to-lymphocyte ratio (PLR), systemic immune-inflammatory index (SII), and systemic inflammatory
response index (SIRI) in the differential diagnosis of cavitary pulmonary tuberculosis (PTB) from non-cavitary PTB.

Methods: This retrospective study included 1233 patients with PTB, 518 patients were diagnosed with cavitary PTB as case group,
while 715 patients which diagnosed with non-cavitary PTB were selected as control group. The clinical data of patients was collected
and the levels of inflammation indices were measured. Receiver operating characteristic (ROC) curve analysis was used to assess the
diagnosis and analysis of selected indices. Logistic regression analysis was performed to evaluate the factors associated with cavitary
PTB.

Results: The CRP, NLR, MLR, PLR, SII, and SIRI in the case group were significantly higher than those in the controls (all p<0.001).
When cavitary PTB was taken as the endpoint, the optimal diagnostic thresholds of CRP was 35.365 (area under the ROC curve
(AUC)=0.601), NLR was 5.740 (AUC=0.595), MLR was 0.525 (AUC=0.577), PLR was 198.255 (AUC=0.602), SII was 1252.045
(AUC=0.628), and SIRI was 2.095 (AUC=0.605), respectively. Logistic regression analysis showed that gender, CRP, PLR, and SIRI
were the independent risk factors for cavitary PTB. The sensitivity of the combination of the three indices (CRP+PLR, CRP+SIRI,
PLR+SIRI, and CRP+PLR+SIRI) were higher than those of the CRP, PLR, and SIRI.

Conclusion: CRP, PLR, and SIRI levels were associated with an increased likelihood of cavitary PTB. The combined detection of
CRP, PLR, and SIRI is promising as a screening marker and may be useful for ruling out PTB with cavitary.
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Introduction

Tuberculosis (TB) is a highly contagious and chronic disease caused by Mycobacterium tuberculosis (M. tuberculosis)
infection.'? Although TB is curable and preventable, it poses a threat to human health and leads a major economic
burden. About a quarter of the world’s population is infected with M. tuberculosis, and about one-twentieth to one-tenth
of those infected develop TB.>* China ranks third among countries with a high TB burden, accounting for about 7.4% of
reported cases globally.® The lung is the organ most commonly affected by TB infection (known as pulmonary
tuberculosis (PTB)), with an estimated lung involvement rate of 79-87%.’ Cavitary PTB is mainly caused by nodules
or masses of tuberculosis and degeneration and necrosis of lesions, resulting in destruction of bronchial wall structure,
secretion of liquefied substances through bronchial efflux, and then into the air.® The occurrence of cavitation in
pulmonary lesions in PTB patients usually indicates that patients may have problems such as poor treatment effect,
easy recurrence after treatment, strong transmission, and drug resistance.® It also poses a public health threat, increasing

the risk of person-to-person transmission.'®'?
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TB causes an especially high rate of cavitation, and from 29-87% of PTB patients are diagnosed with cavitary
disease.'" A tuberculous cavity is a pathological air-filled void within the lung parenchyma delineated by a distinct
border or wall.'? In patients infected with M. tuberculosis, the pathological processes of exudation, hyperplasia, and
necrosis occur sequentially in the diseased tissues, followed by the formation of cavities in locally necrotic tissues
through liquefaction, absorption, or bronchial drainage.'*'> Once a tuberculosis cavity appears, it suggests a high
bacterial content in the lesion, high infectiousness, and a high risk of spreading along the bronchial tubes. And it can
be more harmful to both society and individuals if not diagnosed and treated in a timely manner. Variability in size,
morphology, and wall composition exists within tuberculosis cavities, and can be assessed through non-invasive
radiological imaging techniques.'®'” Although imaging examination has become an important diagnostic method for
PTB at present, cavitary PTB is prone to multiple manifestations on imaging, which may inevitably lead to
misdiagnosis in clinical practice.'®'? Therefore, it is of clinical significance to study the valuable markers of cavitary
PTB. M. tuberculosis may causes cavities indirectly by promoting an immune response, thus developing cavitary PTB.
There is an immune environment in the focal center of tuberculosis infection, and the interaction between pro-
inflammatory and anti-inflammatory is crucial to the progression and prognosis of tuberculosis.?®*! Various immune
cells are involved in maintaining the balance of immune environment.”” >* Immunological response plays important
role in development of cavitary PTB.

The indices of peripheral blood inflammation reflect the immune state of the body. Complete blood count (CBC)
parameters such as neutrophils, lymphocytes, monocytes, and platelets, have been suggested as diagnostic and prognostic
markers for many diseases.”> 2* The indices derived from the parameter conversion of CBC also have certain clinical
value. Systemic immune inflammation index (SII) and system inflammation response index (SIRI) are two markers of
systemic immune inflammation, and their links to a number of diseases are being revealed.””>' The platelet-to-
lymphocyte ratio (PLR) and monocyte-to-lymphocyte ratio (MLR) are the ratios of the levels of two types of cells in
peripheral blood respectively, which can reflect an individual’s immune status to pathogenic bacterial infection and the
severity of the disease.>” These new immune inflammatory indicators have attracted considerable attention in recent
years.>> > In addition, the neutrophil-to-lymphocyte ratio (NLR), and C-reactive protein (CRP) levels have been found
to be associated with chronic bacterial pulmonary infections.>® However, the relationship between these inflammatory
markers and cavitary PTB remains unclear. The aim of this study was to investigate the value of these inflammatory

indices in differentiating cavitary PTB from non-cavitary PTB.

Materials and Methods

Study Population

It was a retrospective study with a total of 1233 PTB patients treated in Meizhou People’s Hospital from May 2016 to
December 2020 were selected as the study objects. This study conformed to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines.>” During the study period, 518 patients were diagnosed
with cavitary PTB in the case group, whereas the other 715 patients diagnosed with non-cavitary PTB were selected as
the control group. PTB patients were diagnosed according to the criteria of “WS 288-2017 Pulmonary Tuberculosis
Diagnosis”’ by microbiological diagnosis. Based on the above findings, cavitary PTB was diagnosed using pulmonary
imaging, which suggested accompanying emptiness.

Inclusion criteria were as follows: (1) clinically diagnosed PTB; (2) patients were >18 years old; and (3) the patients
with complete medical records. The exclusion criteria were: (1) patients were <18 years old; (2) patients with incomplete
clinical data; and (3) patients with leukemia, HI'V infection, septic shock, organ failure, malignancy, and mental disorder.
Clinical data were collected from all of the study subjects, including age, gender, fever, respiratory symptoms,
expectoration, and extrapulmonary tuberculosis. All participants were informed on the study procedures and goals and
the informed consent was obtained from all the participants. The study was performed under the guidance of the
Declaration of Helsinki and approved by the Ethics Committee of Medicine, Meizhou People’s Hospital. We have de-
identified the details of all subjects to protect the privacy of participants.
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Methods for Detecting Hematological Parameters

2mL venous blood was drawn from each subject and collected in an ethylenediamine tetraacetic acid (EDTA) anticoagulant tube.
Complete blood count and CRP analysis of blood samples was performed using a Sysmex XE-2100 hematology analyzer
(Sysmex Corporation, Japan) and Olympus AU5400 system (Olympus Corporation, Tokyo, Japan), respectively, according to
standard operating procedure. Complete blood count includes neutrophils, lymphocytes, monocytes, and platelets. NLR, PLR,
and MLR values were obtained by dividing the cell counts in the measured complete blood count by each other:
NLR=neutrophil/lymphocyte; PLR=platelet/lymphocyte; MLR=monocyte/lymphocyte. The inflammation indices SII and
SIRI were calculated according to the following formulas: SII=plateletxneutrophil/lymphocyte; SIRI=monocytexneutrophil/
lymphocyte.

Data Processing and Statistical Analysis
SPSS 26.0 and GraphPad Prism 8.0 were used for statistical analysis of the experimental data. Data with non-normal
distributions were described as medians and quartiles and were evaluated using the Mann—Whitney U-test. Categorical
variables were represented numerically and as percentages, and compared using the chi-square test or Fisher’s exact test.
Receiver operating characteristic (ROC) curve analysis was used to determine the optimal cutoff values of CRP, NLR,
MLR, PLR, SII, and SIRI to distinguish cavitary PTB. Logistic regression analysis was used to analyze factors related to
cavitary PTB. p<0.05 were considered statistically significant.

The following indices were used to evaluate the clinical diagnostic efficacy of CRP, PLR, SIRI, and their combination
on cavitary PTB:

Sensitivity=number of true positive cases/(number of true positive cases + number of false negative cases);

Specificity=number of true negative cases/(number of true negative cases + number of false positive cases);

Positive predictive value=number of true positive cases/(number of true positive cases + number of false positive
cases);

Negative predictive value=number of true negative cases/(number of true negative cases + number of false negative).

Results
The Clinical Features and Peripheral Blood Inflammatory Markers of PTB Patients with

and without Cavitary

A total of 1233 PTB cases were included in this study. Among them, there were 715 cases (589 men and 126 women) in the
control group, of which 278 patients were aged <60 years and 437 were aged >60 years; and 518 cases (455 men and 63 women)
in the study group, of which 232 patients were aged <60 years and 286 were aged >60 years. The proportion of patients aged <60
years in the study group was significantly higher than that in the control group (p=0.040). The CRP, NLR, MLR, PLR, SII, and
SIRI levels in study group were significantly higher than those in the control group (all p<0.001). Clinical characteristics
including fever, shortness of breath/difficulty breathing, expectoration, and extrapulmonary tuberculosis were not significantly
different between the two groups (all p>0.05) (Table 1).

The Optimal Cutoff Values of Peripheral Blood Inflammatory Markers by ROC Curve
Analysis

When cavitary PTB was considered as the endpoint of CRP, NLR, MLR, PLR, SII, and SIRI, the critical value of CRP
was 35.365 (sensitivity 56.4%, specificity 60.6%, area under the ROC curve (AUC): 0.601), the NLR cutoff value was
5.740 (sensitivity 54.1%, specificity 60.3%, AUC: 0.595), the MLR cutoff value was 0.525 (sensitivity 61.2%, specificity
50.8%, AUC: 0.577), the PLR cutoff value was 198.255 (sensitivity 66.6%, specificity 50.2%, AUC: 0.602), the SII
cutoff value was 1252.045 (sensitivity 67.4%, specificity 50.9%, AUC: 0.628), and the SIRI cutoff value was 2.095
(sensitivity 80.9%, specificity 35.7%, AUC: 0.605) (Figure 1).
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Table 1 Comparison of Clinical Features and Peripheral Blood

Group and Non-Cavitary Pulmonary Tuberculosis Group

Inflammatory Markers Between Cavitary Pulmonary Tuberculosis

Variables Total (n=1233) Non-cavitary pulmonary Cavitary pulmonary p values
tuberculosis group tuberculosis group
(n=715) (n=518)

Gender
Male, n (%) 1044 (84.7%) 589 (82.4%) 455 (87.8%) 0.010
Female, n (%) 189 (15.3%) 126 (17.6%) 63 (12.2%)

Age (Years)
<60, n (%) 510 (41.4%) 278 (38.9%) 232 (44.8%) 0.040
260, n (%) 723 (58.6%) 437 (61.1%) 286 (55.2%)

Fever
No, n (%) 1050 (85.2%) 608 (85.0%) 442 (85.3%) 0.935
Yes, n (%) 183 (14.8%) 107 (15.0%) 76 (14.7%)

Shortness of breath/Difficulty breathing
No, n (%) 942 (76.4%) 549 (76.8%) 393 (75.9%) 0.734
Yes, n (%) 291 (23.6%) 166 (23.2%) 125 (24.1%)

Expectoration
No, n (%) 542 (44.0%) 326 (45.6%) 216 (41.7%) 0.182
Yes, n (%) 691 (56.0%) 389 (54.4%) 302 (58.3%)

Extrapulmonary tuberculosis
No, n (%) 1129 (91.6%) 653 (91.3%) 476 (91.9%) 0.756
Yes, n (%) 104 (8.4%) 62 (8.7%) 42 (8.1%)

Peripheral blood inflammatory markers
CRP, median (P25, P75) 31.58 (8.31, 75.78) 22.76 (6.28, 67.80) 45.88 (14.68, 85.15) <0.001
NLR, median (P25, P75) 5.33 (3.33, 8.47) 4.86 (3.05, 7.67) 6.11 (3.77, 10.17) <0.001
MLR, median (P25, P75) 0.57 (0.38, 0.84) 0.50 (0.33, 0.80) 0.63 (0.43, 0.89) <0.001
PLR, median (P25, P75) 223.50 (148.50, 350.42) 197.78 (136.15, 315.00) 250.63 (171.88, 388.65) <0.001
SIl, median (P25, P75) 1461.10 (823.80, 2551.60) | 1236.00 (701.33, 2187.33) 1782.53 (1038.47, 3228.84) <0.001
SIRI, median (P25, P75) 3.41 (1.85, 6.75) 3.07 (1.60, 5.81) 4.22 (2.36, 7.96) <0.001

Abbreviations: CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; Sll, systemic
immune-inflammatory index; SIRI, systemic inflammatory response index; p25, 25th percentile; p75, 75th percentile.

Logistic Regression Analysis of Related Factors for PTB Patients with Cavitary

In univariable analysis, male (odds ratio (OR): 1.545, 95% confidence interval (CI): 1.115-2.141, p=0.009), age <60 years
old (OR: 1.275, 95% CI: 1.014-1.604, p=0.038), and CRP>35.365 (OR: 1.984, 95% CI: 1.577-2.496, p<0.001), NLR>5.740
(OR: 1.785, 95% CI: 1.420-2.244, p<0.001), MLR>0.525 (OR: 1.626, 95% CI: 1.293-2.046, p<0.001), PLR>198.255 (OR:
2.011, 95% CI: 1.591-2.542, p<0.001), SII>1252.045 (OR: 2.142, 95% CI: 1.693-2.709, p<0.001), and SIRI>2.095 (OR:
2.346, 95% CI: 1.796-3.065, p<0.001) were associated with an increased risk of cavitary PTB. In the multivariable logistic
regression model, age <60 years old (OR: 1.312, 95% CI: 1.028-1.674, p=0.029), CRP >35.365 (OR: 1.573, 95% CI:
1.203-2.056, p=0.001), PLR >198.255 (OR: 1.464, 95% CI: 1.062-2.018, p=0.020), and SIRI >2.095 (OR: 1.785, 95% CI:
1.248-2.553, p=0.002) were significantly associated with an increased risk of cavitary PTB. The association between age,
CRP, PLR, and SIRI remained significant in cavitary PTB after adjustment for potential covariates (Table 2).

The Diagnostic Efficacy of CRP, PLR, SIRI, and Their Combination on Cavitary

Pulmonary Tuberculosis

As shown in Table 3, the order of sensitivity from low to high is: CRP, PLR, CRP + PLR, SIRI, CRP + SIRI, PLR +
SIRI, CRP + PLR + SIRI, and the combination of three indices has the highest sensitivity of 89.4%. The order of
specificity from low to high is: CRP + PLR + SIRI, PLR + SIRI, CRP + SIRI, SIRI, CRP+PLR, PLR, and CRP, CRP had
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Figure | The ROC curve of CRP, NLR, MLR, PLR, SlI, and SIRI for the predicting cavitary PTB.
Abbreviations: CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SlI, systemic
immune-inflammatory index; SIRI, systemic inflammatory response index; PTB, pulmonary tuberculosis.

the highest specificity value (60.6%). CRP had the highest positive predictive value (50.9%), and CRP + SIRI had the
highest negative predictive value (75.0%).

Discussion
Cavitary lesions are more frequent in patients with PTB,*® and deserve further attention. The assessment of cavitary PTB
mainly relies on the determination of imaging manifestations, but requires extensive clinical experience and detection
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Table 2 Logistic Regression Analysis of Related Factors of Cavitary Pulmonary Tuberculosis

Variables Univariate Multivariate

OR (95% CI) p values | OR (95% CI) p values

Gender (Male/Female) 1.545 (1.115-2.141) | 0.009
Age (<60/260, years old) 1.275 (1.014-1.604) | 0.038
Fever (Yes/No) 0.977 (0.711-1.344) | 0.886
Shortness of breath/Difficulty breathing (Yes/No) | 1.052 (0.806—1.372) | 0.709
1.172 (0.932-1.472) | 0.174
0.929 (0.617-1.399) | 0.725
1.984 (1.577-2.496) | <0.001
1.785 (1.420-2.244) | <0.001
1.626 (1.293-2.046) | <0.001
2011 (1.591-2.542) | <0.001
2.142 (1.693-2.709) | <0.001
2.346 (1.796-3.065) | <0.001

1395 (0.989-1.967) | 0.058
1312 (1.028-1.674) | 0.029
0.649 (0.460-0.917) | 0.140
0.923 (0.687-1.241) | 0.598
1207 (0.934-1.559) | 0.150
0.808 (0.524-1.246) | 0.335
1.573 (1.203-2.056) | 0.001
1,050 (0.766—1.440) | 0.763
0.761 (0.550-1.052) | 0.098
464 (1.062-2.018) | 0.020
1267 (0.872-1.840) | 0.214
1.785 (1.248-2.553) | 0.002

Expectoration (Yes/No)
Extrapulmonary tuberculosis (Yes/No)
CRP (235.365/<35.365)

NLR (=5.740/<5.740)

MLR (20.525/<0.525)

PLR (=198.255/<198.255)

SIl (21252.045/<1252.045)

SIRI (22.095/<2.095)

Abbreviations: OR, odds ratio; Cl, confidence interval. CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SlI, systemic immune-inflammatory index; SIRI, systemic inflammatory response index.

Table 3 The Diagnostic Efficacy of CRP, PLR, SIRI, and Their Combination on Cavitary Pulmonary Tuberculosis

Peripheral blood Sensitivity Specificity Positive predictive value Negative predictive value
inflhammatory markers

CRP 56.4% (292/518) 60.6% (433/715) 50.9% (292/574) 65.7% (433/659)

PLR 66.6% (345/518) 50.2% (359/715) 49.2% (345/701) 67.5% (359/532)

SIRI 80.9% (419/518) 35.7% (255/715) 47.7% (419/879) 72.0% (255/354)

CRP + PLR 77.0% (399/518) 38.0% (272/715) 47.4% (399/842) 69.6% (272/391)

CRP + SIRI 86.3% (447/518) 29.8% (213/715) 47.1% (447/949) 75.0% (213/284)

PLR + SIRI 87.3% (452/518) 25.5% (182/715) 45.9% (452/985) 73.4% (182/248)

CRP + PLR + SIRI 89.4% (463/518) 22.5% (161/715) 45.5% (463/1017) 74.5% (161/216)

Abbreviations: CRP, C-reactive protein; PLR, platelet-to-lymphocyte ratio; SIRI, systemic inflammatory response index.

equipment with good resolution.*® Tt is of great clinical significance to study the markers of PTB with cavitary and
distinguish it from PTB without cavitary. Blood markers provide a potential assessment for distinguishing patients with
non-cavitary PTB. This study showed that sex and age are the main factors affecting cavitation. The men had a higher
cavitation rate than women, and those aged <60 years old had a higher cavitation rate than patients aged >60 years old,
which is consistent with previous finding.*’ It may be due to the strong immunity of young and middle-aged people, the
clinical symptoms after suffering from M. tuberculosis are not obvious, and young and middle-aged patients do not pay
enough attention to tuberculosis, resulting in the development of cavity PTB without timely treatment. In addition, the
differentiation of clinical manifestations of fever, shortness of breath/difficulty breathing, expectoration, and extrapul-
monary tuberculosis was not remarkable in PTB with or without cavitation, indicating the difficulty in determining
progression to cavitary tuberculosis from clinical symptoms.*!

Inflammation plays an important role in the pathogenesis of PTB.**** CRP, NLR, MLR, PLR, SII, and SIRI are novel
inflammatory markers currently available.** In this study, logistic regression analysis indicated that CRP, PLR, and SIRI
were associated with cavitary PTB. This result suggests that elevated CRP, PLR, and SIRI levels are associated with an
increased likelihood of cavitary PTB. PLR is elevated in chronic obstructive pulmonary disease (COPD),** and asthma,*®
and is strongly associated with common respiratory diseases; however, there are few studies on the relationship between
PLR and TB. CRP can be a valuable marker for PTB.*” Some studies have found that the CRP is a potential indicator to
assist in the diagnosis of active TB.**>° A study has found that SIRI has auxiliary diagnostic value for bacteria-negative
TB.>' However, the relationship between CRP, SIRI levels and cavitary PTB has not yet been reported.

5138 "

Dove!

International Journal of General Medicine 2024:17


https://www.dovepress.com
https://www.dovepress.com

Dove He et al

In this study, the inflammation indices of CRP, NLR, MLR, PLR, SII, and SIRI were all significantly elevated in PTB
patients with cavitary compared with PTB patients those without cavitary. However, the regression analysis showed that
NLR, MLR, and SII were not associated with cavitary PTB. The NLR can be used as a potential marker to distinguish
TB from sarcoidosis.”® NLR has been studied in patients with TB, and scholars at home and abroad have found that NLR
is related to the severity of TB, and can be used as a reference indicator for the clinical management of active TB.>® The
NLR can be used to distinguish childhood tuberculosis from other lower respiratory tract infections.”* The MLR can be
used as a diagnostic index of TB.>® Suryana et al found that high MLR level before treatment was significantly associated
with an increased risk of delayed sputum conversion at the end of PTB intensive treatment.’® Liu et al found that a higher
SII was significantly correlated with depression or anxiety symptoms in TB patients,”’ which is one of the few studies on
the relationship between SII and TB.

In addition, we investigated the diagnostic efficacy of CRP, PLR, SIRI, and their combination on cavitary PTB, and
found that both CRP and PLR had low sensitivity and specificity, whereas SIRI had high sensitivity but low specificity.
After combining each index, it showed a great improvement in sensitivity, but a lower specificity than the individual
indicators. It suggests that the combination of these markers is promising as a screening marker and may be useful for
ruling out PTB with cavitary. However, the combination of markers is not ideal for ruling in PTB with cavitary due to
poor specificity, so other tests are needed to confirm whether the individual has the disease. Thus, CRP, PLR, and SIRI
could guide cavitary PTB to some extent, but are not very specific. Additionally, some studies have shown that higher
levels of tumor necrosis factor-alpha (TNFa), interleukin-6 (IL-6), and interleukin-1beta (IL-1f) in bronchoalveolar
lavage fluid from patients with tuberculosis are associated with cavitary diseases.'*>**° Unfortunately, this study did not
examine the relationship between these inflammatory markers and cavitary PTB.

In conclusion, the combined detection of PTB in men, age >60 years, and CRP (threshold =35.365), PLR (thresh-
01d=198.255), and SIRI (threshold=2.095) is helpful for the differential diagnosis of cavitary PTB. This could overcome
the limitations of using imaging test assays in areas with a high PTB burden, providing a more convenient and rapid
reference for first-line clinicians. Our data suggest that the combination of CRP, PLR, and SIRI has a differential
diagnostic significance in cavitary PTB.

This study has some limitations. First, the relationship between haematological indicators of inflammation and
cavitary PTB severity and the development of cavity in PTB was not investigated retrospectively. Second, this study
was performed in one hospital among patients with cavitary PTB and non-cavitary PTB disease, and the results may be
biased because of the incomplete representation of the included subjects. Third, this study only examined the differences
in CRP, PLR, MLR, SII, and SIRI levels between cavitary PTB and non-cavitary PTB disease, and did not study the
value of other inflammatory indicators in the differential diagnosis of PTB.®® Future studies should consider these
shortcomings for a more complete analysis.

Conclusion
In the present study, among patients with PTB, the age, gender and peripheral blood inflammatory markers (CRP, PLR,
and SIRI) were associated with an increased risk of cavitation. In particular, the combination of CRP, PLR, and SIRI
showed higher sensitivity for cavitary diagnosis. It suggests that the combination of these markers is promising as
a screening marker and may be useful for ruling out PTB with cavitary. It provides additional reference data for clinical
treatment of PTB.
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The data that support the findings of this study are available from the corresponding author upon reasonable request.

Ethics Approval

All participants were informed on the study procedures and goals, and provided informed consent and were assured of
data confidentiality. The study was approved by the Ethics Committee of Medicine, Meizhou People’s Hospital. All
participants signed informed consent in accordance with the Declaration of Helsinki.

International Journal of General Medicine 2024:17 heeps: 5139
Dove:


https://www.dovepress.com
https://www.dovepress.com

He et al Dove

Acknowledgments
The author would like to thank other colleagues whom were not listed in the authorship of Meizhou People’s Hospital for

their helpful comments on the manuscript.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design,

execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically

reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article

has been submitted; and agree to be accountable for all aspects of the work.

Funding
This study was supported by the Science and Technology Program of Meizhou (Grant No.: 2019B0202001).

Disclosure
The authors declare that they have no competing interests.

References

1. Genoula M, Marin Franco JL, Maio M, Dolotowicz B, Ferreyra M. Fatty acid oxidation of alternatively activated macrophages prevents foam cell
formation, but Mycobacterium tuberculosis counteracts this process via HIF-la activation. PLoS Pathog. 2020;16(10):¢1008929. doi:10.1371/
journal.ppat.1008929

2. Herrera MT, Guzman-Beltran S, Bobadilla K, Santos-Mendoza T. Human pulmonary tuberculosis: understanding the immune response in the
bronchoalveolar system. Biomolecules. 2022;12(8):1148. doi:10.3390/biom12081148

3. Vasiliu A, Martinez L, Gupta RK, et al. Tuberculosis prevention: current strategies and future directions. Clin Microbiol Infect. 2024;30
(9):1123-1130. doi:10.1016/j.cmi.2023.10.023

4. Zhang SX, Miao FY, Yang J, et al. Global, regional, and national burden of HIV-negative tuberculosis, 1990-2021: findings from the global burden

1
1

2

of disease study 2021. Infect Dis Poverty. 2024;13(1):60. doi:10.1186/s40249-024-01227-y

5. Wang XY, Jiang ML, Pang YJ, et al. Current status of tuberculosis burden in China. Chin J Epidemiol. 2024;45(6):857-864. doi:10.3760/cma.j.
cnl112338-20240311-00111

6. Huang F, Bello ST. Spatiotemporal analysis of regional and age differences in tuberculosis prevalence in mainland China. Trop Med Int Health.

2024;29(9):833-841. doi:10.1111/tmi.14037

Lyon SM, Rossman MD. Pulmonary tuberculosis. Microbiol Spectr. 2017;5(1). doi:10.1128/microbiolspec. TNMI7-0032-2016

Yang Y, Zhang S, Dong Z, et al. Sublobectomy is a safe alternative for localized cavitary pulmonary tuberculosis. J Cardiothorac Surg. 2021;16

(1):22. doi:10.1186/s13019-021-01401-5

9.Li S, Wang D, Wei P. Elevated natural killer cell-mediated cytotoxicity is associated with cavity formation in pulmonary tuberculosis patients.
J Immunol Res. 2021;2021:7925903. doi:10.1155/2021/7925903

0. Benator D, Bhattacharya M, Bozeman L, et al. Rifapentine and isoniazid once a week versus rifampicin and isoniazid twice a week for treatment of
drug-susceptible pulmonary tuberculosis in HIV-negative patients: a randomised clinical trial. Lancet. 2002;360(9332):528-534. doi:10.1016/
s0140-6736(02)09742-8

1. Palaci M, Dietze R, Hadad DJ, et al. Cavitary disease and quantitative sputum bacillary load in cases of pulmonary tuberculosis. J Clin Microbiol.
2007;45(12):4064-4066. doi:10.1128/JCM.01780-07

2. Urbanowski ME, Ordonez AA, Ruiz-Bedoya CA, Jain SK, Bishai WR. Cavitary tuberculosis: the gateway of disease transmission. Lancet Infect
Dis. 2020;20(6):e117—e128. doi:10.1016/S1473-3099(20)30148-1

3. Gadkowski LB, Stout JE. Cavitary pulmonary disease. Clin Microbiol Rev. 2008;21(2):305-333. doi:10.1128/CMR.00060-07.

4. George G, Mony P, Kenneth J. Comparison of the efficacies of loop-mediated isothermal amplification, fluorescence smear microscopy and culture
for the diagnosis of tuberculosis. PLoS One. 2011;6(6):¢21007. doi:10.1371/journal.pone.0021007

5. Michelow P, Omar T, Field A, Wright C. The cytopathology of mycobacterial infection. Diagn Cytopathol. 2016;44(3):255-262. doi:10.1002/
dc.23410

6. Nachiappan AC, Rahbar K, Shi X, et al. Pulmonary tuberculosis: role of radiology in diagnosis and management. Radiographics. 2017;37
(1):52-72. doi:10.1148/rg.2017160032

7. Kanthawang T, Pattamapaspong N, Peh WCG, Hammami N, Bouaziz MC, Ladeb MF. Imaging of infra-thoracic tuberculosis. Br J Radiol. 2024;97
(1155):492-504. doi:10.1093/bjr/tqad051

8. Alshoabi SA, Almas KM, Aldofri SA, Hamid AM. The diagnostic deceiver: radiological pictorial review of tuberculosis. Diagnostics. 2022;12
(2):306. doi:10.3390/diagnostics12020306

9. Rozenshtein A, Hao F, Starc MT, Pearson GD. Radiographic appearance of pulmonary tuberculosis: dogma disproved. A4JR Am J Roentgenol.
2015;204(5):974-978. doi:10.2214/AJR.14.13483

0. Baguma R, Mbandi SK, Rodo MJ, et al. Inflammatory determinants of differential tuberculosis risk in pre-adolescent children and young adults.

Front Immunol. 2021;12:639965. doi:10.3389/fimmu.2021.639965

. Moideen K, Kumar NP, Bethunaickan R, Banurekha VV, Nair D, Babu S. Heightened systemic levels of anti-inflammatory cytokines in pulmonary

tuberculosis and alterations following anti-tuberculosis treatment. Cytokine. 2020;127:154929. doi:10.1016/j.cyt0.2019.154929

* N

—_

5140  hoes International Journal of General Medicine 2024:17

Dove!


https://doi.org/10.1371/journal.ppat.1008929
https://doi.org/10.1371/journal.ppat.1008929
https://doi.org/10.3390/biom12081148
https://doi.org/10.1016/j.cmi.2023.10.023
https://doi.org/10.1186/s40249-024-01227-y
https://doi.org/10.3760/cma.j.cn112338-20240311-00111
https://doi.org/10.3760/cma.j.cn112338-20240311-00111
https://doi.org/10.1111/tmi.14037
https://doi.org/10.1128/microbiolspec.TNMI7-0032-2016
https://doi.org/10.1186/s13019-021-01401-5
https://doi.org/10.1155/2021/7925903
https://doi.org/10.1016/s0140-6736(02)09742-8
https://doi.org/10.1016/s0140-6736(02)09742-8
https://doi.org/10.1128/JCM.01780-07
https://doi.org/10.1016/S1473-3099(20)30148-1
https://doi.org/10.1128/CMR.00060-07
https://doi.org/10.1371/journal.pone.0021007
https://doi.org/10.1002/dc.23410
https://doi.org/10.1002/dc.23410
https://doi.org/10.1148/rg.2017160032
https://doi.org/10.1093/bjr/tqad051
https://doi.org/10.3390/diagnostics12020306
https://doi.org/10.2214/AJR.14.13483
https://doi.org/10.3389/fimmu.2021.639965
https://doi.org/10.1016/j.cyto.2019.154929
https://www.dovepress.com
https://www.dovepress.com

Dove He et al

22.

23.

24.

25.

26.

27.

28.

29.

30.

de Martino M, Lodi L, Galli L, Chiappini E. Immune response to Mycobacterium tuberculosis: a Narrative Review. Front Pediatr. 2019;7:350.
doi:10.3389/fped.2019.00350

Marakalala MJ, Raju RM, Sharma K, et al. Inflammatory signaling in human tuberculosis granulomas is spatially organized. Nat Med. 2016;22
(5):531-538. doi:10.1038/nm.4073

Ravimohan S, Kornfeld H, Weissman D, Bisson GP. Tuberculosis and lung damage: from epidemiology to pathophysiology. Eur Respir Rev.
2018;27(147):170077. doi:10.1183/16000617.0077-2017

Hornik CP, Benjamin DK, Becker KC, et al. Use of the complete blood cell count in early-onset neonatal sepsis. Pediatr Infect Dis J. 2012;31
(8):799-802. doi:10.1097/INF.0b013e318256905¢

Stefanescu S, Cocos R, Turcu-Stiolica A. Evaluation of prognostic significance of hematological profiles after the intensive phase treatment in
pulmonary tuberculosis patients from Romania. PLoS One. 2021;16(4):¢0249301. doi:10.1371/journal.pone.0249301

Feng F, Zheng G, Wang Q, et al. Low lymphocyte count and high monocyte count predicts poor prognosis of gastric cancer. BMC Gastroenterol.
2018;18(1):148. doi:10.1186/s12876-018-0877-9

Tsai JC, Sheu SH, Chiu HC, et al. Association of peripheral total and differential leukocyte counts with metabolic syndrome and risk of ischemic
cardiovascular diseases in patients with type 2 diabetes mellitus. Diabetes Metab Res Rev. 2007;23(2):111-118. doi:10.1002/dmrr.647

Xia Y, Xia C, Wu L, Li Z, Li H, Zhang J. Systemic immune inflammation index (SII), system inflammation response index (SIRI) and risk of
all-cause mortality and cardiovascular mortality: a 20-year follow-up cohort study of 42,875 US adults. J Clin Med. 2023;12(3):1128. doi:10.3390/
jem12031128

Ye C, Yuan L, Wu K, Shen B, Zhu C. Association between systemic immune-inflammation index and chronic obstructive pulmonary disease: a
population-based study. BMC Pulm Med. 2023;23(1):295. doi:10.1186/s12890-023-02583-5

31. Cakir N, Koc AN. Gamma-glutamyl transpeptidase-platelet ratio, systemic immune inflammation index, and system inflammation response index in
invasive aspergillosis. Rev Assoc Med Bras. 2021;67(7):1021-1025. doi:10.1590/1806-9282.20210475

32. Liu QX, Tang DY, Xiang X, He JQ. Associations between nutritional and immune status and clinicopathologic factors in patients with tuberculosis:
a comprehensive analysis. Front Cell Infect Microbiol. 2022;12:1013751. doi:10.3389/fcimb.2022.1013751

33. Fois AG, Paliogiannis P, Scano V. The systemic inflammation index on admission predicts in-hospital mortality in COVID-19 patients. Molecules.
2020;25(23):5725. doi:10.3390/molecules25235725

34. Chen L, Liu C, Liang T, et al. Monocyte-to-lymphocyte ratio was an independent factor of the severity of spinal tuberculosis. Oxid Med Cell
Longev. 2022;2022:7340330. doi:10.1155/2022/7340330

35. Chen G, Wu C, Luo Z, Teng Y, Mao S. Platelet-lymphocyte ratios: a potential marker for pulmonary tuberculosis diagnosis in COPD patients.
Int J Chron Obstruct Pulmon Dis. 2016;11:2737-2740. do0i:10.2147/COPD.S111254

36. Majka G, Mazurek H, Strus M, Ciszek-Lenda M. Chronic bacterial pulmonary infections in advanced cystic fibrosis differently affect the level of
sputum neutrophil elastase, IL-8 and IL-6. Clin Exp Immunol. 2021;205(3):391-405. doi:10.1111/cei.13624

37.von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke JP. The strengthening the reporting of observational studies in
epidemiology (STROBE) statement: guidelines for reporting observational studies. Ann Intern Med. 2007;147(8):573-577. doi:10.7326/0003-4819-
147-8-200710160-00010

38. Cubillos-Angulo JM, Arriaga MB, Silva EC, et al. Polymorphisms in TLR4 and TNFA and risk of Mycobacterium tuberculosis infection and
development of active disease in contacts of tuberculosis cases in Brazil: a prospective cohort study. Clin Infect Dis. 2019;69(6):1027-1035.
doi:10.1093/cid/ciy1001

39. LiY, Lyu B, Wang R, Peng Y. Machine learning-based radiomics to distinguish pulmonary nodules between lung adenocarcinoma and tuberculosis.
Thorac Cancer. 2024;15(6):466-476. doi:10.1111/1759-7714.15216

40. Zhang L, Pang Y, Yu X, et al. Risk factors for pulmonary cavitation in tuberculosis patients from China. Emerg Microbes Infect. 2016;5(10):e110.
doi:10.1038/emi.2016.111

41. Kaur H, Pandhi N, Kajal NC. A prospective study of the clinical profile of hemoptysis and its correlation with radiological and microbiological
findings. Int J Mycobacteriol. 2022;11(4):394-399. doi:10.4103/ijmy.ijmy 137 22

42. Kumar NP, Moideen K, Dhakshinraj SD, et al. Profiling leucocyte subsets in tuberculosis-diabetes co-morbidity. Immunology. 2015;146
(2):243-250. doi:10.1111/imm. 12496

43. Stefanescu S, Cocos R, Turcu-Stiolica A. Prediction of treatment outcome with inflammatory biomarkers after 2 months of therapy in pulmonary
tuberculosis patients: preliminary results. Pathogens. 2021;10(7):789. doi:10.3390/pathogens10070789

44. Xu H, Xie J, Zhang S, Wang D, Huang Z, Zhou Z. Potential blood biomarkers for diagnosing periprosthetic joint infection: a single-center,
retrospective study. Antibiotics. 2022;11(4):505. doi:10.3390/antibiotics11040505

45. Kumar P, Law S, Sriram KB. Evaluation of platelet lymphocyte ratio and 90-day mortality in patients with acute exacerbation of chronic
obstructive pulmonary disease. J Thorac Dis. 2017;9(6):1509-1516. doi:10.21037/jtd.2017.05.77

46. Ke J, Qiu F, Fan W, Wei S. Associations of complete blood cell count-derived inflammatory biomarkers with asthma and mortality in adults: a
population-based study. Front Immunol. 2023;14:1205687. doi:10.3389/fimmu.2023.1205687

47. Meca AD, Turcu-Stiolica A, Bogdan M, et al. Screening performance of C-reactive protein for active pulmonary tuberculosis in HIV-positive
patients: a systematic review with a meta-analysis. Front Immunol. 2022;13:891201. doi:10.3389/fimmu.2022.891201

48. Yoon C, Chaisson LH, Patel SM, et al. Diagnostic accuracy of C-reactive protein for active pulmonary tuberculosis: a meta-analysis. Int J Tuberc
Lung Dis. 2017;21(9):1013-1019. doi:10.5588/ijtld.17.0078

49. Meyer AJ, Ochom E, Turimumahoro P, et al. C-reactive protein testing for active tuberculosis among inpatients without HIV in Uganda:
a diagnostic accuracy study. J Clin Microbiol. 2020;59(1):02162-20. doi:10.1128/JCM.02162-20

50. Samuels THA, Wyss R, Ongarello S, Moore DAJ. Evaluation of the diagnostic performance of laboratory-based c-reactive protein as a triage test
for active pulmonary tuberculosis. PLoS One. 2021;16(7):¢0254002. doi:10.1371/journal.pone.0254002

51. Chai B, Wu D, Fu N, Huang P, Shen Y. Evaluation of prognostic inflammatory and systemic inflammatory response indices in auxiliary diagnosis of
bacteria-negative pulmonary tuberculosis: a diagnostic accuracy study. Medicine. 2023;102(12):e33372. doi:10.1097/MD.0000000000033372

52. liaz S, Iliaz R, Ortakoylu G, Bahadir A, Bagci BA, Caglar E. Value of neutrophil/lymphocyte ratio in the differential diagnosis of sarcoidosis and
tuberculosis. Ann Thorac Med. 2014;9(4):232-235. do0i:10.4103/1817-1737.140135

International Journal of General Medicine 2024:17 htps: 5141

Dove:


https://doi.org/10.3389/fped.2019.00350
https://doi.org/10.1038/nm.4073
https://doi.org/10.1183/16000617.0077-2017
https://doi.org/10.1097/INF.0b013e318256905c
https://doi.org/10.1371/journal.pone.0249301
https://doi.org/10.1186/s12876-018-0877-9
https://doi.org/10.1002/dmrr.647
https://doi.org/10.3390/jcm12031128
https://doi.org/10.3390/jcm12031128
https://doi.org/10.1186/s12890-023-02583-5
https://doi.org/10.1590/1806-9282.20210475
https://doi.org/10.3389/fcimb.2022.1013751
https://doi.org/10.3390/molecules25235725
https://doi.org/10.1155/2022/7340330
https://doi.org/10.2147/COPD.S111254
https://doi.org/10.1111/cei.13624
https://doi.org/10.7326/0003-4819-147-8-200710160-00010
https://doi.org/10.7326/0003-4819-147-8-200710160-00010
https://doi.org/10.1093/cid/ciy1001
https://doi.org/10.1111/1759-7714.15216
https://doi.org/10.1038/emi.2016.111
https://doi.org/10.4103/ijmy.ijmy_137_22
https://doi.org/10.1111/imm.12496
https://doi.org/10.3390/pathogens10070789
https://doi.org/10.3390/antibiotics11040505
https://doi.org/10.21037/jtd.2017.05.77
https://doi.org/10.3389/fimmu.2023.1205687
https://doi.org/10.3389/fimmu.2022.891201
https://doi.org/10.5588/ijtld.17.0078
https://doi.org/10.1128/JCM.02162-20
https://doi.org/10.1371/journal.pone.0254002
https://doi.org/10.1097/MD.0000000000033372
https://doi.org/10.4103/1817-1737.140135
https://www.dovepress.com
https://www.dovepress.com

He et al Dove

53.

54.

55.

56.

57.

58.

59.

60.

Yoon NB, Son C, Um SJ. Role of the neutrophil-lymphocyte count ratio in the differential diagnosis between pulmonary tuberculosis and bacterial
community-acquired pneumonia. Ann Lab Med. 2013;33(2):105-110. do0i:10.3343/alm.2013.33.2.105

Zhang R, Yu X, Xu Y, Yan J, Feng Y, Wu M. NLR and NMLR can be used to differentiate children with tuberculosis disease from other lower
respiratory tract infections. Pediatr Infect Dis J. 2024;43(4):e146—e147. doi:10.1097/INF.0000000000004229

Choudhary RK, Wall KM, Njuguna I, et al. Monocyte-to-lymphocyte ratio is associated with tuberculosis disease and declines with anti-TB
treatment in HIV-infected children. J Acquir Immune Defic Syndr. 2019;80(2):174-181. doi:10.1097/QAI1.0000000000001893

Suryana K, Dharmesti NWW, Rai IBN. High pretreatment level of neutrophil to lymphocyte ratio, monocyte to lymphocyte ratio and other factors
associated with delayed sputum conversion in patients with pulmonary tuberculosis. Infect Drug Resist. 2022;15:5455-5462. doi:10.2147/IDR.
S380166

Liu X, Bai X, Ren R, et al. Association between depression or anxiety symptoms and immune-inflammatory characteristics in in-patients with
tuberculosis: a cross-sectional study. Front Psychiatry. 2022;13:985823. doi:10.3389/fpsyt.2022.985823

Tsao TC, Hong J, Li LF, Hsieh MJ, Liao SK, Chang KS. Imbalances between tumor necrosis factor-alpha and its soluble receptor forms, and
interleukin-1beta and interleukin-1 receptor antagonist in BAL fluid of cavitary pulmonary tuberculosis. Chesz. 2000;117(1):103-109. doi:10.1378/
chest.117.1.103

Elkington PT, Green JA, Emerson JE, et al. Synergistic up-regulation of epithelial cell matrix metalloproteinase-9 secretion in tuberculosis. Am
J Respir Cell Mol Biol. 2007;37(4):431-437. doi:10.1165/rcmb.2007-00110C

Abakay O, Abakay A, Sen HS, Tanrikulu AC. The relationship between inflammatory marker levels and pulmonary tuberculosis severity.
Inflammation. 2015;38(2):691-696. doi:10.1007/s10753-014-9978-y

International Journal of General Medicine Dove

Publish your work in this journal

The International Journal of General Medicine is an international, peer-reviewed open-access journal that focuses on general and internal
medicine, pathogenesis, epidemiology, diagnosis, monitoring and treatment protocols. The journal is characterized by the rapid reporting of
reviews, original research and clinical studies across all disease areas. The manuscript management system is completely online and includes a
very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-general-medicine-journal

5142 ﬂ ; in ﬂ Dove International Journal of General Medicine 2024:17


https://doi.org/10.3343/alm.2013.33.2.105
https://doi.org/10.1097/INF.0000000000004229
https://doi.org/10.1097/QAI.0000000000001893
https://doi.org/10.2147/IDR.S380166
https://doi.org/10.2147/IDR.S380166
https://doi.org/10.3389/fpsyt.2022.985823
https://doi.org/10.1378/chest.117.1.103
https://doi.org/10.1378/chest.117.1.103
https://doi.org/10.1165/rcmb.2007-0011OC
https://doi.org/10.1007/s10753-014-9978-y
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Study Population
	Methods for Detecting Hematological Parameters
	Data Processing and Statistical Analysis

	Results
	The Clinical Features and Peripheral Blood Inflammatory Markers of PTB Patients with and without Cavitary
	The Optimal Cutoff Values of Peripheral Blood Inflammatory Markers by ROC Curve Analysis
	Logistic Regression Analysis of Related Factors for PTB Patients with Cavitary
	The Diagnostic Efficacy of CRP, PLR, SIRI, and Their Combination on Cavitary Pulmonary Tuberculosis

	Discussion
	Conclusion
	Data Sharing Statement
	Ethics Approval
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

