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Tuberculosis (TB), a global and deadly infectious disease caused by Mycobacterium

tuberculosis (Mtb), is manifested with host immune reaction. The balanced 

regulation between protective immune and pathologic inflammatory responses is 

critical to control progression to TB. Chemokines are a large family of cytokines 

that play an essential role for chemotaxis of immune and inflammatory cells to 

the sites of infection. Numerous chemokines including CXCL10 were reported as 

potential biomarkers of various stages of TB infection. In addition, several 

chemokines and their receptors play as key players to coordinate host immune 

defense as innate effectors and mediators of adaptive immune responses. 

Accumulating evidence suggests that some chemokines, if uncontrolled, are 

associated with host pathological inflammation during infection. In this review, 

we will discuss recent advances in understanding which chemokines have 

potentials as diagnostic markers. In addition, we focus the roles and mechanisms 

by which chemokines and their receptors are involved in both host immune 

protection and pathology during TB infection. The controlled activation of 

chemokine system will determine the coordinated biological outcomes of innate 

immune responses during pathogenic infection. 
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INTRODUCTION

Tuberculosis (TB), an infectious disease caused by Mycobacterium tuberculosis (Mtb), 

remains global health problem with high morbidity and mortality (https://www. 

who.int/tb/publications/global-framework-research/en/) (1). Governing TB infection, 

challenges stagnantly encounters an emerging issue of drug-resistant strains, 

development of new therapeutics, an urgent need for intervention of latent TB 

infection (LTBI), a lack of prominent biomarkers for diagnosis, and etc (2-5). 

Chemokines and their receptors are crucial in the orchestration of the recruitment 

of phagocytes and immune cells to the sites of infection, affecting inflammatory 

and wound healing responses and involved in the cell differentiation, proliferation,

and innate immunity (6). Indeed, a variety of cells produce chemokines to participate 

in the innate immune responses, through functional regulation in autocrine, paracrine, 

and systemic manners (7). During TB infection, chemokines play a variety of functions 

in mediating innate immunity, inflammation, angiogenesis, cell proliferation and 

migration, and etc (8-10). In particular, innate cytokine/chemokine pathways play 
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critical roles in controlling initial infection and in promoting adaptive immune responses (11). However, the balanced 

activation between pro- and anti-inflammatory cytokines/chemokines is crucial for mounting effective host resistance 

against Mtb infection (8, 11).

Characterizing the chemokine profiles in TB infections will facilitate the application of specific chemokines and their 

receptors in early diagnosis of TB. In this review, the features of chemokine profiles and its benefits as potential biomarkers 

in various stages of pulmonary and extrapulmonary TB and the chemokines that interfere during Mtb infection in both host 

defense and pathologic inflammation will be described. 

OVERVIEW OF INFECTION AND IMMUNITY OF TB

Although global incidence of TB has been marginally declined, TB infection with multidrug resistant (MDR-TB) and 

extensively drug resistant strains (XDR-TB) has emerged as a growing public burden in worldwide (2, 12). In addition, 1.7 

billion world’s population (about one fourth of global population) has latent tuberculosis infection (LTBI) due to persistent 

immune response of Mtb infection deprived of clinical symptom of active TB (https://www.who.int/tb/publications/ 

global_report/en/). Importantly, a small proportion (about 5-10%) of LTBI can be reactivated and progress to develop 

active TB disease throughout lifetime (5). Thus it is urgently needed that new paradigm of treatment strategies for 

drug-resistant cases and an evaluation tool for the prediction of TB progression during LTBI. 

A large body of evidence indicates that the immune system is critical for protection against Mtb infection although the 

whole feature of protective immunity has not been fully understood (13-15). The immune suppressive status, i.e., a 

decrease of CD4 count, in the patients with HIV infection increases the reactivation risk of TB infection (14, 16). In 

addition, the treatment of human immunodeficiency virus (HIV)/TB co-infection often develop complex drug interactions 

and TB-induced immunopathology, such as immune reconstitution inflammatory syndrome (14, 17, 18). Moreover, 

granuloma formation in TB infection is a long-term immune reaction to Mtb antigens and host lipids and acts as a 

double-edged sword to limit infection at the local sites and also to develop inflammation and tissue destruction in the 

lungs (11, 19, 20). Understanding the detailed mechanisms for host-pathogen interaction during TB offers an opportunity 

to develop new strategies against Mtb infection. 

Mtb is usually transmitted through inhalation of aerosolized droplets to the lungs, however, Mtb infection is not limited to 

the lung tissues, and can be occurred in any sites of human body (21, 22). Extrapulmonary TB infections include 

tuberculous pleural effusion (TPE) (23), tuberculous meningitis (22), abdominal TB (24), genitourinary TB (25), and etc. 

Immune reaction induced by CD4(+) helper type of T lymphocytes are dominant in TPE (26), and tuberculous meningitis is 

a very severe form of extrapulmonary TB with poor outcomes (22). The mortality rate of tuberculous meningitis is greatly 

increased in HIV co-infected patients (22). Another public issue of TB is a lack of biomarkers and/or immune parameters 

that can be useful for early diagnosis in TB and for differential diagnosis for latent TB infection (3, 4). In this Review, we 

highlight the chemokines as potential biomarkers in various stages/types of TB, and additional important functions as 

effectors in protective immune and inflammatory responses during TB infection. 

OVERVIEW OF CHEMOKINES DURING TB INFECTION

Chemokines and their receptors are expressed by a variety of cells and participate in numerous physiological and 

pathological functions. In terms of infection and immunity, chemokines play essential roles in hematopoiesis, lymphocyte 

development, dendritic cell maturation, and etc. (27). Indeed, a variety of chemokines are critically required for innate 

immune activation for further activation of adaptive immune responses (27). 
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According to their numbers and location of the first two cysteine residues, chemokines can be divided into four main 

subfamilies: CC, CXC, C, and CX3C in the N-terminal region (28). Chemokines bind and transduce signals through 

G-protein coupled receptors, which possess seven transmembrane regions, i.e., CC (CCR), CXC (CXCR), C (XCR1), and for 

CX3C (CX3CR1). Upon binding of chemokine receptors with chemokines, they are internalized onto endosomes for further 

trafficking into a recycling or degradative pathway (29). In addition, chemokine engagement among chemokine receptors 

triggers the G-protein coupled receptors, subjected to GTP binding to the Ga subunit, resulting in the activation of various 

signaling pathways, such as PI3K, MAPK, and Rho kinase. These signaling pathways and the related signaling cascade are 

critically involved in the cell proliferation, inflammation, migration, motility, and immune responses (30-32). 

Granuloma is one of the most significant hallmarks of pathological findings of TB, consequently from the early host 

immune response and appears imperative in the limitation of Mtb infection to prevent upcoming dissemination (33). The 

mechanisms of the granuloma formation is very complicated and activated by innate and acquired immune responses that 

embrace numerous immune cells and cytokines/chemokines (11, 20). During this process, tumor necrosis factor (TNF) is 

essentially required for the maintenance of granulomas through induction of CC and CXC chemokines and the recruitment 

of macrophages and CD4(+) T cells to form functional granulomas (20, 34). For example, chemokine (C-X-C motif) ligand 

8 (CXCL8) is produced by lung epithelial cells through Mtb-mediated nuclear factor (NF)-κB signaling pathways (35) and by 

lung fibroblasts in TB granulomas (36) for further recruitment of leukocytes and controlling Mtb within granuloma. 

However, the uncontrolled activation of pro-inflammatory cytokine/chemokine generation leads to immunopathology 

during infection and will be detrimental to host defense (8, 37). In addition, distinct type of chemokine(s) may participate 

in the proliferation and activation of protective adaptive immune responses during TB infection (38). Particularly, CCR7, a 

major chemokine-chemokine receptor in the activation of memory T cells, contributes in defense pathways to establish 

acquired resistance against TB infection (38). Understanding how the production and signaling of chemokines are 

controlled and which kinds of chemokine(s) participate in the protective immune functions is vital to develop novel 

therapeutics against TB. 

ROLES OF CHEMOKINES AS BIOMARKERS DURING TB AND EXTRAPULMONARY TB

CXCL10/IP-10 as biomarkers during TB infection

Plasma chemokine levels appear to be important biomarkers for pulmonary TB patients (39). Among those chemokines, 

many studies suggest its important roles for CXCL10 induced by pathogenic stimuli that induce IFN-α/β, as a diagnostic 

marker in TB and IFN-γ as well (40). A meta-analysis approached from eighteen studies including 2,836 total participants 

have been applied to CXCL10 suggesting IP-10 is a potential diagnostic marker for pulmonary TB from non-TB (41). 

Another systematic review and meta-analysis show that IP-10 displays a potential value for diagnosis of latent TB (42). In 

line with these studies, IP-10, IL-18BP, IFN-γ, and IL-37 levels are increased in the sera of active pulmonary TB patients from 

active tuberculosis (ATB) patients, compared to those from healthy latent TB and healthy controls (HC) (43). A study for 

diagnostic markers of Mycobacterium bovis (M. bovis) infection among cattle have suggested that chemokines such as 

CXCL9 and CXCL10 and as well as several acute phase cytokines can be useful as potential diagnostic biomarkers of M. 

bovis infection (44).

Moreover, IP-10 secretion level after stimulation of recombinant mycobacterial antigen proline-glutamate 35 (PE35) and 

proline-proline-glutamate 68 (PPE68) is significantly higher in TB patients, including pulmonary TB and latent TB, when it 

was compared with HCs (45). However, there is no significant difference in IP-10 production induced by PE35 and PPE68 

between pulmonary TB and latent TB (45). A recent systemic review and meta-analysis showed that IP-10 test is useful 

alternative immunological modality to detect children TB (46). Although more extended data are still required to confirm 

whether IP-10 is useful as diagnostic marker for TB, these precedents strongly suggest that IP-10 might be a useful target 

for both adult and children TB and latent TB diagnosis. 
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Numerous chemokines can be useful TB markers

In pulmonary TB, the patients had higher production of numerous chemokines including CCL1, CCL3, CXCL1, CXCL2, CXCL9 

and CXCL10, when compared to latent TB and HC. In addition, the increased levels of chemokines significantly correlate 

with bacterial burdens and disease severity, and its levels are reduced after successful anti-tuberculous chemotherapy (39). 

Moreover, monocyte morphometric parameters (mean monocyte volume and conductivity) and MCP-1 show significant 

sensitivity and specificity on order to distinguish active pulmonary TB from latent TB (47). Taken together, although the 

clinical relevance should be monitored in the large population of the patient groups depending on the clinical status, these 

data propose that there are several kinds of chemokines that can be useful as promising disease markers of TB, 

Low body mass index (LBMI) is known as one of the major risk factors of TB, and associated with systemic levels of tumor 

necrosis factor (TNF)-α and interleukin (IL)-2. However, it never correlates with other numerous chemokines including 

CCL2/MCP-1, CCL3/MIP1α, CCL4/MIP-1β, and CXCL10/IP-10 (48). In the latent TB treatment, the mRNA levels of CCL4, 

CXCL10, and CXCL11 were significant after isoniazid (INH) therapy, suggesting the chemokine levels would be the 

promising potential tools for monitoring latent TB after treatment (49). A meta-analysis of nine studies (2,584 TB patients 

and 2,265 controls) indicated that CCL5 rs2107538 polymorphism was correlated with the susceptibility of TB susceptibility 

(recessive model: OR = 1.45, 95% CI = 1.02-2.07), particularly among Caucasians (50). However, well-designed functional 

studies with extended population are warranted for further validation of the SNP studies (50).

Biomarkers during extrapulmonary TB infection

A recent study suggests that adenosine deaminase (ADA), interferon (IFN)-γ, and interleukin (IL)-27 show high diagnostic 

accuracy in TB pleural effusion; however, the profiles of C-X-C motif chemokine ligand 9 (CXCL9), CXCL11, and CXCL12 

need to be further examined to prove their diagnostic values in TB pleural effusion (51). In addition, PD-1-expressing 

mucosal‐associated invariant T (MAIT) cells showed increased levels of both CXCL13 and IL-21, and associated with the 

disease severity of TB pleurisy in the patients (52). CXCL13 is important for the recruitment of CXCR5+ B cells and Tfh to 

the lymphoid follicles for T-B cell interactions (53) and recognizes CXCR5, a marker for T follicular helper (Tfh) cells (54). 

However, the roles for PD-1high MAIT cells in terms of CXCL13-mediated pathogenesis or protective immune responses are 

largely unknown. In other studies with TB pleural effusion patients, CCL27 levels were significantly higher in PE samples 

from anergic patients with TPE, compared to those in non-anergic TPE and malignant PE (p < 0.001) (55).

Furthermore, recent studies for the suspected cases of tuberculous meningitis (TBM) showed that the upregulated 

cytokine/chemokine profiles including IL-12p40, IL-13, and MIP-1α as potentially useful adjunctive markers for diagnosis of 

TBM (56). These data suggest that specific chemokine levels, combined with the known biomarker ADA levels, might be 

helpful for the diagnosis of extrapulmonary TB. The chemokines as potential biomarkers during TB infection are 

summarized in Table 1.

PROTECTIVE ROLES OF CHEMOKINES DURING TB INFECTION

Activation of protective T cells and innate lymphoid cells

Appropriate induction of innate and adaptive immune responses contributes to the protective immunity against TB. In 

mouse infection models, multiple chemokine receptors contribute to the recruitment of CXCR3+ Th1 cells into the lung 

parenchyma in order to control Mtb growth (57, 58). A recent study showed an essential protective function of chemokine 

CXCL13 in the early protective immunity against TB (59). The study showed that circulating innate lymphoid cells (ILC) 

subsets are depleted systemically in pulmonary TB (PTB) patients, and upregulated after treatment (59). Besides, Mtb 
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infection led to an increase of ILC3 in the infected mouse lungs, leading to early alveolar macrophage accumulation and 

control of Mtb. Importantly, CXCR5/CXCL13 axis is critically involved the migration of ILC3 to induce early protective 

effects against Mtb and formation of lymphoid follicles within granulomas (59). These data strongly suggest that the 

CXCR5/CXCL13 is required for the protective immunity against Mtb infection through functional activation of ILC3s 

during Mtb infection (59). Together, these data suggest that the control of Mtb in vivo is mediated through specific 

chemokine/chemokine receptor axis via the induction of migration of protective immune cells against Mtb. However, it 

also proposes that the interaction of chemokines and their chemokine receptors on Th1 cells specifically activated by 

mycobacterial antigens plays a dispensable role in the migration of protective CD4+ T cells into the infected lungs (60). 

Indeed, there are many other exceptions in chemokine activity to induce protective responses, discussed in the following.

Interestingly, the nicotine inhibits the secretion of several chemokines including CXCL9 and CXCL10 in Mtb-infected 

macrophages derived from human monocytes (MDMs) (61). In addition, coinfection with helminth significantly decreases 

the production of numerous CC and CXC chemokines in the individuals with latent TB infection, but anti-helminth 

treatment upregulated the chemokine responses in latent TB (62). These data suggest that either nicotine itself or 

coinfection with helminth negatively regulates the production of innate immune mediators that are needed for host 

protective defense against TB.

Chemokines that enhance innate immunity during TB

The specific chemokines and their receptors play critical roles in the enhancement of innate immune responses contributing 

to protective immunity against Mtb infection. Recent studies have reported that the anti-mycobacterial role of 

oligoadenylate synthetases (OASs) and OAS-like protein is at least partly mediated through induction of chemokine. 

Indeed, OAS proteins play critical roles in degradation of viruses to promote antiviral responses (63). It was shown that 

pathogenic Mtb infection enhances the expression of OAS-like (OASL) protein in human macrophage THP-1 cells. In 

addition, silencing OASL significantly increases intracellular Mtb growth and decreases the production of IL-1β, TNF-α, and 

MCP-1 in THP-1 cells. OASL-induced pro-inflammatory cytokines and chemokines may contribute to suppress intracellular 

Mtb survival (64). Moreover, 2',5'-oligoadenylate synthetases (OASs; OAS1, 2, and 3) contribute to antimicrobial host 

defense against intracellular pathogenic Mtb through enhancement of IL-1β and MCP-1 (65). 

One way that Mtb drives a persistent infection is to inhibit inflammation through shifting macrophages as an 

immunoregulatory M2 phenotype. It is noted that Mtb effector Early Secreted Antigenic Target 6 kDa (ESAT-6) has an 

effect to switch macrophage differentiation into M2 phenotype, and downregulates cytokines IL-6 and chemokines 

CXCL10 and CXCL1 (66). In contrast, other studies discovered that ESAT6, the virulence factor of Mtb, enhances the innate 

immunity of THP-1 macrophages, through production of various pro-inflammatory and anti-inflammatory cytokines and 

chemokines (67). The controversial results of ESAT-6 protein among these studies might be due to different cell conditions 

and multidrug-resistant strain of Mtb leads to inhibit CXCL8 and TNF-α production in bronchial epithelial cells, thereby 

affecting neutrophil effector functions (68). Thus downregulation of host chemokine responses during virulent Mtb 

infection may contribute to defective host defense through formation of a “silent” granuloma through inhibition of 

inflammation and/or impairment of neutrophil activities during Mtb infection. Taken together, these findings strongly 

suggest that the balanced secretion of chemokines are critical for the optimal induction of host defense during TB.

Role of CXCR3 in protective immunity during TB

Several studies emphasize the function of CXCR3 and ligand chemokines in the induction of host protective responses 

against TB. CXCR3, the CXCL9 and CXCL10 receptors, is induced and mainly expressed in type-1 helper (Th1)-type CD4(+) 

T cells, effector CD8(+) T cells and innate-type lymphocytes (40). In addition, Th1 cytokine IFN-γ is able to drive CXCL9 and 

CXCL10 production in mononuclear phagocytes (40). In a non-human primate Mtb infection model, Mtb-specific effector 
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T cells, such as IL-17+ and IL-17/IFN-γ double-positive T cells, are primarily found in the airways rather than periphery 

model. Additionally, these Mtb-specific CD4 T cells express the chemokine receptors CXCR3 and CCR6 and the population 

of CXCR3+CD4+ cells inversely correlated with Mtb burden. These data suggest that Mtb-specific T cell responses are 

strongly associated with controlling Mtb infection in asymptomatic latent TB infection (69). 

In an effort of vaccination study using Mycobacterium indicus pranii (MIP), a promising TB vaccine candidate, intranasal 

immunization with MIP significantly enhances the recruitment of CD4+ and CD8+ T-cells and induces a strong memory 

T-cell response in the lung airway lumen. Importantly, the MIP-mediated protective T-cells are mainly regulated by 

CXCR3-CXCL11 axis and exhibit protective immunity against Mtb infection (70). Putting together, CXCR3-CXCL11 axis is 

critically required for protective immune responses against Mtb but more studies are needed to clarify the chemokine 

signaling in terms of anti-TB vaccination.

A recent founding recommended the role for BATF3-dependent CD103+ dendritic cells (DCs) in protective Th1 immune 

responses to M. bovis BCG infection and Helicobacteri pylori infection would be crucial. Importantly, CXCR3 and its ligands 

CXCL9, 10, and 11 are required for the functional activation of BATF3-dependent CD103+ DCs in the expansion and 

recruitment of CXCR3+ effector and regulatory T cells for control of infection (71). Although the protective role of RANTES 

(CCL5) remains to be determined in pleural TB, low levels of CCL5 was associated with poor compartmentalization of 

antigen-specific T cells in the disease sites (72). Additionally, CXCR3+CCR4-CD4+T-cells from pleural fluid mononuclear 

cells play as multifunctional T-helper 1 cells; whereas CXCR3+CCR4+CD4+ T-cells upregulates cytotoxic functions, 

suggesting differential biological roles of chemokine receptors on CD4+ T cells during extrapulmonary TB infection (73). 

Together, these data strongly enhance the therapeutic function of specific chemokines particularly through the protective T 

cell recruitment during TB infection. 

Protective roles of chemokines in terms of age and gender

In infants, since they exhibit lower chemokines including CXCL9, TB infection is likely to develop as lethal disseminated 

forms than older aged persons and infant alveolar macrophages are less protective against Mtb, even though infant 

alveolar macrophages have similar ability of phagocytosis and immune phenotypes, as in those of adults (74). 

One of the long-lasing questions among TB infections is its higher susceptibility of men than women. A recent study 

showed that the increased susceptibility of male mice towards Mtb infection with the Beijing strain HN878 was associated 

with defective lymphoid follicle formation in the lungs. The development of ectopic lymphoid structures requires 

homeostatic chemokines and inflammatory cytokines such as IL-23, CXCL13, and CCL19 and were significantly lower in 

male compared to lungs in female during infection (75). In addition, although more extended study should clarify the clinical 

meaning of IL-8 levels in TB, the cross-sectional study of TB patients in various stages and healthy controls presented that 

low levels of IL-8 are associated with poor outcome and relapse of TB (76). These studies recommend that the chemokine 

expression is required for immune homeostasis and prevention of disease progression during TB. However, understanding 

how the protective chemokine responses are regulated in short-term or long-term infection of TB remains unclear. In 

summary, the protective roles of chemokines during TB infection are listed in Table 2.

DETRIMENTAL ROLES OF CHEMOKINES DURING TB INFECTION

Chemokines drive neutrophil infiltration to promote pathologic inflammation

Although innate immune defense is critical in antimicrobial responses, uncontrolled activation of inflammatory responses is 

harmful to the host. A landmark study demonstrated detrimental function of hyperactivation of CXCL5 in TB through 
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driving destructive neutrophilic inflammation (77). To support this finding, a con-current study indicated that SIRT3 

deficiency led to detrimental effects against Mtb infection through excessive pathological inflammation including 

hyperactivation of CXCL5 in the lung tissues (78). Interestingly, TLR2 plays a host protective role in the controlling 

neutrophil-driven immmunopatholgical reaction during the infection with Mtb HN878, the W-Beijing strain (79).

Although several chemokine/chemokine receptor axis plays a critical role in the protection against Mtb infection as stated 

above, CXCR6 appears to be detrimental in host protection against Mtb infection (80). It was reported that CXCR6 

deficiency inhibited in vivo bacterial burden in the mouse lungs after Mtb infection. CXCR6 deficiency leads to the 

increased recruitment of CD4+ T lymphocytes to the lungs during early infection and paradoxically reduce the Th1-cytokine 

response in the lung parenchyma (80). These data suggest that specific chemokine-chemokine receptor axis influences 

pathological inflammatory responses and affects host control of Mtb infection. Thus it would be important to dissect the 

role of chemokines and their receptors during acute and chronic stages of TB infection for future development of novel 

therapeutic strategies against TB.

Another recent study showed that the alarmin S100A8/A9 was found to be responsible for neutrophil accumulation during 

chronic TB infection. S100A8/A9 expression contributed to upregulation of the integrin CD11b on neutrophils to promote 

accumulation during TB. In addition, the patients with TB progression had an increased expression of S100A8 and S100A9 

mRNAs and decreased S100A8/A9 protein levels in sera after anti-TB therapy (81). These data suggest that S100A8/A9 

and chemokines works as markers of distinction between active pulmonary and latent TB subjects and therapeutic targets 

for host-directed therapy against TB. 

Chemokines to drive M2 phenotype to contribute to TB infection

Mtb survival leading to latent infection is associated with differentiation of macrophage M2 phenotype. Mtb heat-shock 

protein 16.3 is greatly expressed during latent infection and responsible for driving into macrophage M2 phenotype which 

depends on the chemokine receptors CCRL2 and CX3CR1 (82). In terms of M2 spectrum of macrophage activation, 

DC-SIGN (CD209/CLEC4L), a C-type lectin receptor (CLR), plays an important role in the negative regulation of 

pro-inflammatory cytokine/chemokine responses and plays dual roles in the increase of permission of bacterial survival and 

controlling pathological inflammation (83). 

Chemokine storms during TB co-infection with HIV and filarial infections

In a prospective large cohort study in HIV-infected hospitalized patients who were newly diagnosed with HIV-associated TB, 

excessively increased immune profile including innate immune markers and chemotactic signaling (IL-1R antagonist 

[IL-1Ra], IL-6, IL-8, CCL4, CXCL10, CCL3) exhibited an association with TB dissemination and its high mortality (84). During 

filarial co-infected TB lymphadenitis, mycobacterial burden is significantly increased (85). Although IL-12 production is 

significantly decreased, the coinfection of filarial infection with extra-pulmonary TB leads to the elevation of numerous CC 

and CXC chemokines (85), suggesting that the elevated chemokines during filarial infections may provide pathogenic 

bystander effects upon tuberculous lymphadenitis. Taken together, the pathophysiological roles of inflammatory 

chemokines, derived from a high mycobacterial load in the co-infected patients are to promote pathogenic effects during 

TB co-infection with other pathogens. The detrimental roles of chemokines during TB infection are summarized in Table 3.

CONCLUSION

It is now clear that a variety of chemokines play multiple roles such as potential diagnosis, granuloma formation, protective 

immune defense, and pathological inflammation during TB infection. Numerous chemokines, in particular CXCL10, were 

advised potential biomarkers for pulmonary and extrapulmonary TB and LTBI. However, more evidence should be 
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accumulated to clarify the potential usefulness of specific chemokine(s) in different types and stages of TB by designing an 

experiment with a larger sample size, different ethnic and geographic origins, and a comprehensively integrative analysis 

including genetics. A variety of chemokine-chemokine receptor axis such as CXCR5/CXCL1 and CXCR3/CXCL11 was 

reported as their protective roles in controlling Mtb infection. Recent studies have elucidated on the protective functions of 

the chemokine-chemokine receptor axis at the activation of adaptive immune responses during infection. Future studies 

are warranted to investigate how and which types of cells participate in the anti-mycobacterial host defense in terms of 

chemokine signaling. In contrast, chemokines also contribute to TB infection pathogenesis by enhancing uncontrolled 

inflammation, neutrophil infiltration, M2 macrophage differentiation, and etc. However, several fundamental questions still 

remain to be answered. How does co-infection of HIV and TB induce cytokine/chemokine storms during treatment? What 

are the genetic influences that lead to pathological inflammation due to hyperactivation of chemokines? Can the inhibitors 

of chemokine-chemokine receptor axis restore protective immune function at early and chronic Mtb infection? The 

answers for all of these questions and even another question will necessitate future comprehensive studies, including 

analysis of chemokine profiles for larger TB patient cohorts, experimental models, and genetic and immunological studies 

for chemokine functions during Mtb infection.

Table 1. Chemokines as biomarkers during TB infection

Disease Study model Chemokine Conclusion Reference

CXCL10/IP-10 as biomarkers in TB

PTB
Meta-analysis

(18 studies, 2836 participants)

IP-10

IP-10 is a promising marker for differentiating PTB 

from non-TB.
(41)

LTBI
Meta-analysis

(12 studies, 1023 participants)

IP-10 is a promising biomarker for the diagnosis of 

LTBI.
(42)

ATB
Observational study with ELISA 

detection (95 ATB, 52 LTBI, and 91 HC)

Direct analysis of IP-10 may be applicable in 

designing novel diagnostic tests for ATB.
(43)

PTB and 

LTBI

Observational study with ELISA 

detection (30 ATB, 29 LTBI, and 30 HC)

IP-10 stimulated by recombinant PE35 and PPE68 is 

a promising biomarker for TB diagnosis, but show 

no sensitivity and specificity in distinguishing 

between PTB and LTBI.

(45)

Other biomarkers in TB

TB
Observational study with ELISA detection 

(88 ATB, 44 LTBI, and 44 HC)

CCL1, CCL3, 
CXCL1, 

CXCL9, and 
CXCL10

Chemokines are markers of disease severity, 

increased bacterial burden, and delayed culture 

conversion in PTB.

(39)

ATB and 

LTBI

Observational study with ELISA detection 

(97 ATB, 113 LTBI, and 101 HC)
MCP-1

MCP-1 may be a potential clinical parameter for 

distinguishing ATB from LTBI with high sensitivity 

and specificity.

(47)

LTBI
qPCR analysis from INH received LTBI 

patients

CCL4 and 

CXCL11

CCL4 and CXCL11 expressions during INH treatment 

are potential tools for monitoring LTBI treatment.
(49)

TB
Meta-analysis

(9 studies, 2584 TB patients, 2265 HC)
CCL5

CCL5 rs2107538 polymorphism might contribute 

to the risk of TB, especially in Caucasians.
(50)

Biomarkers in extrapulmonary TB

TPE
Transcriptome sequencing of 

PD-1-expressing MAIT cells
CXCL13

PD-1-expressing MAIT cells were associated with 

extent of TB infections and production of CXCL13.
(52)

TPE
Chemokine arrays, cytokine measurements, 

and flow cytometry analysis
CCL27

Pleural fluid CCL27 may help in diagnosing TPE in 

patients with moderate elevation of pleural fluid 

ADA levels.

(55)

TBM
Cytokine profile of mononuclear cells 

isolated from CSF and PBMCs
MIP-1α

CSF MIP-1α concentrations appear to be useful 

adjuncts for diagnosing TBM.
(56)

PTB, pulmonary tuberculosis; IP-10, interferon-γ-induced protein 10; LTBI, latent tuberculosis infection; ELISA, enzyme-linked 
immunosorbent assay; ATB, active tuberculosis; HC, healthy control; MCP-1, monocyte chemoattractant protein-1; TPE, 
tuberculosis pleural effusion; PD-1, programmed death protein 1; PBMC, peripheral blood mononuclear cells; MAIT cells, mucosal‐
associated invariant T cells; ADA, adenosine deaminase; TBM, tuberculous meningitis; CSF, cerebrospinal fluid
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Table 2. Protective roles of chemokines during TB infection

Disease or 

pathogen
Study model

Chemokine and/or 

chemokine receptor
Conclusion Reference

Activation of protective T cells and innate lymphoid cells

H37Rv
CD4 T cells isolated from 

lungs of Mtb-infected mice

CXCR3, CXCR6, 
CCR2, and CCR5 (and 

CCR6 in humans)

Mtb-specific effector CD4 T cells that co-express 

multiple chemokine receptors may be the best 

lung-homing CD4 T cells.

(57)

PTB and 

H37Rv

ILCs from PTB patients and 

Mtb-infected mice
CXCR5/CXCL13

CXCR5/CXCL13 is required for the protective 

immunity against Mtb infection through functional 

activation of ILC3s during Mtb infection.

(59)

H37Rv MDMs CXCL9 and CXCL10

Nicotine negatively regulates the production of 

innate immune mediators necessary for the host 

defense against TB.

(61)

Helminth 

coinfection 

with LTBI

Whole blood from 120 

individuals (40 coinfection, 

40 LTBI, and 30 HC)

CCL1, CCL2, CCL4, 

CCL11, CXCL9, 

CXCL10 and CXCL11

Coexistent helminth infection induces down 

regulation of chemokine responses in LTBI patients.
(62)

Enhancement of innate immunity

Mtb Beijing 

strain and 

BCG

THP-1 cells MCP-1

OASs and OAS-like protein suppress intracellular 

Mtb survival through enhancement of IL-1β and 

MCP-1.

(64)

(65)

Mtb virulent 

factor 

ESAT-6

PBMCs CXCL10 and CXCL1

ESAT-6 switch macrophage differentiation into M2 

pheynotype, and downregulates chemokines 

CXCL10 and CXCL1.

(66)

MDR Mtb 

strain M

Bronchial epithelial cell 

line Calu-6
CXCL8

MDR strain of Mtb inhibit CXCL8 production in 

bronchial epithelial cells, affecting neutrophil 

effector functions.

(68)

Roles of CXCR3

Mtb 

CDC1551

T cells isolated from lungs 

of Mtb-infected rhesus 

macaques

CXCR3 and CCR6

Mtb-specific T cells expressed the chemokine 

receptors CXCR3 and CCR6, which inversely 

correlated with Mtb burden.

(69)

H37Rv and 

MIP

BAL cells from 

MIP-immunized 

Mtb-infected mice

CXCR3-CXCL11 axis

MIP-mediated protective T-cells were mainly 

regulated by CXCR3-CXCL11 axis, which exhibited 

protective immunity against Mtb infection

(70)

BCG and 

H. pylori

BATF3-dependent DCs 

from infected mice

CXCR3 and its ligands 
CXCL9, 10, and 11

M. bovis BCG infection strongly reduced 

production of the chemokines and CXCR3 ligands 

in BATF3-deficient mice

(71)

TPE
PFMCs, PBMCs, and 

CBMCs
CXCR3 and CCR4

CXCR3 or CCR4 expression on CD4+ T-cells had 

different biological activities against Mtb infection, and 

could be a potential marker for the diagnosis of TB.

(73)

Protective roles of chemokines in terms of age and gender

H37Rv
Alveolar macrophages 

from human BAL fluids
CXCL9

Infant alveolar macrophages are less protective 

against Mtb, since they exhibit lower chemokines 

such as CXCL9.

(74)

Mtb Beijing 

strain HN878 

and H37Rv

Lung cells from 

Mtb-infected mice
CXCL13 and CCL19

Homeostatic chemokines CXCL13 and CCL19 were 

significantly lower in male compared to female 

lungs, during infection.

(75)

TB and TB 

relapse

Cross-sectional study

(TB, TB relapse, anti-TB 

treated, and HC)

CXCL8
Low levels of CXCL8 were associated with poor 

outcome and relapse of TB.
(76)

PTB, pulmonary tuberculosis; ILCs, innate lymphoid cells; MDMs, macrophages derived from human monocytes; OAS, 
oligoadenylate synthetase; ESAT-6, early secreted antigenic target 6 kDa; PBMCs, peripheral blood human mononuclear cells; MDR, 
multi-drug resistant; BAL, bronchoalveolar lavage; MIP, Mycobacterium indicus pranii; H. pylori, Helicobacter pylori; DCs, dendritic 
cells; TPE, tuberculous pleural effusion; PFMCs, pleural fluid mononuclear cells; CBMCs, cord blood mononuclear cells
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Table 3. Detrimental roles of chemokines during TB infection

Disease or 

pathogen
Study model

Chemokine and/or 

chemokine receptor
Conclusion Reference

Chemokines drive neutrophil infiltration to promote pathologic inflammation

H37Rv
in vivo mice aerosol 

infection 
CXCL5

TLR2-induced epithelial-derived CXCL5 was 

critical for PMN-driven destructive 

inflammation in PTB.

(77)

H37Rv and 

BCG

in vivo mice intranasal 

infection / human PBMCs 

and MDMs

CXCL5

SIRT3 deficiency led to excessive pathological 

inflammation including hyperactivation of 

CXCL5 in the lung tissues.

(78)

HN878 
in vivo mice aerosol 

infection
CXCL5

TLR2 controlled neutrophil-driven 

immunopathology during Mtb HN878 

infection by curtailing CXCL5 production.

(79)

H37Rv
in vivo mice aerosol 

infection
CXCR6

CXCR6 deficiency resulted in reduced bacterial 

burden after Mtb infection.
(80)

H37Rv / ATB
in vivo mice aerosol 

infection / ATB cohort
CXCL1 and CXCL10

Combining S100A8/A9 along with CXCL1 and 

CXCL10 into a biomarker signature improved 

differentiation between ATB and HCs.

(81)

Chemokines to drive M2 phenotype to contribute to TB infection

Mtb HSP16.3
BMDMs differentiated 

from BALB/c mice
CCRL2 and CX3CR1

Mtb Hsp16.3 promoted macrophages to M2 

phenotype, which depended on the 

chemokine receptors CCRL2 and CX3CR1.

(82)

H37Rv /TB

Rhesus macaques /

Human MDMs from TB 

patients and HC

CXCL1

DC-SIGN negatively regulated the 

pro-inflammatory cytokine/ chemokine 

responses in terms of M2 spectrum of 

macrophages under Mtb infection

(83)

Chemokine storms during TB co-infection with HIV and filarial infections

HIV-associate

d TB

Prospective large cohort 

study
CCL4, CXCL10, CCL3

Immune profile of HIV-associated TB patients 

was associated with both tuberculosis 

dissemination and mortality.

(84)

Filarial 

co-infected 

TBL

TBL and filarial-TBL 

co-infected patients

CCs (CCL1, CCL2, CCL11) 
and CXCs (CXCL2, CXCL8, 

CXCL9, CXCL11)

Numerous CC and CXC chemokines were 

clearly elevated in filarial-TBL co-infection, 

suggesting potential pathogenic role in TBL.

(85)

TLR, toll-like receptor; PMN, polymorphonuclear leukocytes; PTB, pulmonary tuberculosis; BCG, Bacillus Calmette–Guérin; TLR; HSP, 
heat-shock protein; BMDM, bone marrow-derived macrophage; MDMs, monocyte-derived macrophages; HC, healthy control; 
DC-SIGN, dendritic cell-specific intercellular adhesion molecule-3-grabbing non-integrin; TBL, tuberculosis lymphadenitis
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