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Background and aim

Patients with COVID-19 and tuberculosis coinfection are at an increased risk of severe disease and death. We therefore sought to evaluate the current evidence which assessed the immune response in COVID-19 and tuberculosis coinfection



Methods

We searched Pubmed/MEDLINE, EMBASE, Scopus, and Web of Science to identify articles published between 2020 and 2021. We included observational studies evaluating the immune response in patients with tuberculosis and COVID-19 compared to patients with COVID-19 alone.



Results

Four cross-sectional studies (372 participants) were identified. In patients with asymptomatic COVID-19 and latent tuberculosis (LTBI), increased cytokines, chemokines, growth factors and humoral responses were found. In addition, patients with symptomatic COVID-19 and LTBI had higher leukocytes counts and less inflammation. Regarding patients with COVID-19 and active tuberculosis (aTB), they exhibited decreased total lymphocyte counts, CD4 T cells specific against SARS-CoV-2 and responsiveness to SARS-CoV-2 antigens compared to patients with only COVID-19.



Conclusion

Although the evidence is limited, an apparent positive immunomodulation is observed in patients with COVID-19 and LTBI. On the other hand, patients with COVID-19 and aTB present a dysregulated immune response. Longitudinal studies are needed to confirm these findings and expand knowledge.
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Introduction

According to the World Health Organization, nine million people were infected with tuberculosis worldwide during the year 2020 (1). In addition, approximately 1% of COVID-19 cases present active tuberculosis (aTB) (2), this being a risk factor for developing severe disease and death in patients with COVID-19 (2, 3). Patients with pulmonary aTB present heterogeneous granulomatous lesions, where there is a vigorous inflammatory process characterized by cell-mediated immunity, with production of key cytokines, including TNF-α, IFN-γ and IL-12, to fight Mycobacterium tuberculosis (Mtb) infection together with increased activity of immunoregulatory mechanisms (Figure 1) (4–6). This chaotic environment coupled with the COVID-19 coinfection could cause further damage to lung tissue. Similarly, in patients with latent tuberculosis (LTBI), T cells and macrophages produce IFN-γ, TNF-α and IL-2 that are responsible for infection control by granuloma formation to contain the pathogen (7, 8). In these patients, SARS-CoV-2 infection probably affects immune regulation in the granuloma. Mild SARS-CoV-2 infection produces an immune response characterized by increased T cell counts with increased functional capacity, along with an increased dendritic cell count and decreased natural killer (NK) cell count (9). Although, in severe SARS-CoV-2 infection there is an initial hypofunctional response which is unable to control the infection followed by a late hyperfunctional response characterized by a cytokine storm (9, 10). This unique immune response to SARS-CoV2 infection has different consequences in the significant proportion of patients globally who experience Mtb. Therefore, it is necessary to better understand the immune response triggered during COVID-19 and tuberculosis coinfection. However, there are few studies evaluating the immunopathology in this context. Hence, we conducted this scoping review to synthesize the current evidence which evaluated the immune response in COVID-19 and tuberculosis coinfection.




Figure 1 | The immune response in COVID-19 and active tuberculosis. The Th1 response potentiates macrophage activity and the Th17 response favors the recruitment and activation of neutrophils with release of harmful products to the host tissue, further exacerbating the inflammatory process. To appease these responses, an elevated production of IL-10 and differentiation of Treg occurs, however, this generates a low immunologic potential. This response caused by M. tuberculosis generates an unfavorable immune microenvironment for theresnponse against SARS-CoV-2. Created with BioRender.com.





Methods

We conducted the present scoping review following the recommendations of the Preferred Reporting Items for Systematic and Meta-Analysis extension for Scoping Reviews (PRISMA-ScR) (11), and the methodological guidelines of the Joana Briggs Institute (12). The protocol was registered in the Figshare platform (https://n9.cl/unzch). The PRISMA-ScR Checklist is found in Supplementary Material 1.


Inclusion and exclusion criteria

We included observational studies (cohort, cross-sectional, case-control) in patients older than 18 years with diagnosis of COVID-19 by serology or positive RT-PCR for SARS-CoV-2. For aTB diagnosis we considered a positive sputum test, culture of respiratory specimens, molecular test (GeneXpert/GenoType) or specific histological findings. For LTBI diagnosis we considered a QuantiFERON test or positive Mantoux test. Studies without a control group considering patients with COVID-19 were excluded.



Search strategy

We conducted the literature search in Pubmed/MEDLINE, EMBASE, Scopus and Web of Science databases to identify studies published during the period from January 1st, 2020 to December 10th, 2021. We did not apply language restriction. Search terms were grouped into two categories, “Tuberculosis” and “COVID-19”. The complete strategy for each database is available in Supplementary Material 2.



Selection of studies

Articles found in the systematic search were imported into Zotero software where duplicates were removed. Rayyan software was used for article selection. Two authors (BOS, LAQC) independently reviewed titles and abstracts to identify relevant studies for inclusion. Included studies were full text reviewed independently by two authors (ESMM, SAL) and disagreements were resolved by consensus with a third author (DRSM). In addition, we screened references of included studies to identify potentially eligible studies.



Data extraction

We created a data extraction sheet in Microsoft Excel and significant data were extracted independently by two authors (KFL, BOS). Data extracted included author, year of publication, country, study design, sample size, diagnostic criteria for tuberculosis and COVID-19, COVID-19 severity, tuberculosis type, sample characteristics (age, sex), and outcomes of interest. The results are summarized in narrative form and in tables.




Results


Study characteristics

Initially, we reviewed 2103 studies by title and abstract, of which 22 were chosen for full-text review, the reasons for exclusion are found in Supplementary Material 3. Finally, we included four cross-sectional studies in the present review (13–16). The selection process is summarized in Figure 2. The number of participants ranged from 60 to 133 with a total of 372 to predominantly male, and the mean ages ranged from 43 to 68 years, these characteristics are found in Table 1. Two studies evaluated patients with LTBI (13, 14), one patient with aTB (15) and other patients with LTBI and aTB (16). One study evaluated asymptomatic COVID-19 patients (13), and the other three evaluated mild to severe symptomatic patients (14–16). Among the outcomes included were serum levels of cytokines, chemokines, growth factors, laboratory inflammatory markers, humoral response, antigen responsiveness and lymphocytes (Table 2).




Figure 2 | Flow diagram summarizing the process of literature search and selection.




Table 1 | Characteristics of the studies that evaluated the immune response in tuberculosis and COVID19 coinfection (n=4).




Table 2 | Outcomes evaluated in studies assessing immune response in tuberculosis and COVID-19 co-infection (n=4).





Cytokines, chemokines and growth factors

Rajamanickam et al. (13), found that patients with asymptomatic COVID-19 and LTBI had higher levels of serum cytokines including IFN-γ, TNF-α, IL-1α, IL-1β, IL-2, IL-6, IL-12, IL-15, IL-17, IFN-α, IFN-β, IL-3, GM-CSF, IL-10, IL-25 and IL-33, chemokines CCL3 and CXCL10, and growth factors VEGF and TGF-α, compared to patients with only COVID-19 However, for cytokines IL-4, IL-5, IL-13 and IL-1Rα, chemokines CCL2, CCL4, CCL5, CCL11, CCL19, CCL20, CXCL1, CXCL2, CXCL8 and CX3CL1, and growth factors EGF, FGF-2, PDGF-AA, PDGF-BB, Flt-3L, GZB, PDL-1, TRAIL and CD40L there were no significant differences.



Lymphocytes

Two studies evaluated the total lymphocyte count. Madan et al. (14) found a higher count in patients with symptomatic LTBI and COVID-19 compared to patients with only COVID-19. For the evaluation of specific CD4 T lymphocytes and their functionality, Riou et al. (15) evaluated the SARS-CoV-2-specific CD4+ T lymphocyte response and found that patients with only COVID-19 had a higher polyfunctional CD4+ T lymphocyte capacity (IFN-γ, IL-2 and TNF-α) and differences in the overall phenotype of CD4+ T lymphocytes specific against SARS-CoV-2 compared to patients with COVID-19 and aTB. However, both groups had similar percentages of SARS-CoV-2-specific CD4+ T-cells. Likewise, HLA-DR expression and the percentage of CD4+ T lymphocytes specific against Mtb were both similar between patients with COVID-19 and aTB compared to patients without COVID-19. It should be noted that this study had stratified groups according to HIV-positive or negative status, so all results that included HIV+ patients were not considered in the present review.



Antigen responsiveness

Petrone et al. (16) found that patients with symptomatic COVID-19 and tuberculosis (aTB or LTBI) had significantly higher IFN-γ levels in response to TB1, and TB2 antigens compared to COVID-19-only patients. On the other hand, patients with only COVID-19 or COVID-19 with LTBI coinfection presented significantly higher levels of IFN-γ in response to CD4S antigen compared to patients with COVID-19 and aTB coinfection. No significant differences were found when comparing the response to MIT antigen between the groups.



Humoral response

Rajamanickam’s study (13) quantitatively evaluated serum levels of IgM, IgG, IgA and neutralizing antibodies specific against SARS-CoV-2, finding that all were elevated in patients with COVID-19 and LTBI compared to patients with only COVID-19.



Inflammatory laboratory markers

Rajamanickam et al. (13) found that patients with asymptomatic COVID-19 and LTBI had higher C-reactive protein (CRP) and α-2 microglobulin levels compared to patients with COVID-19 alone. However, Madan et al. (14) found that patients with symptomatic COVID-19 and LTBI had lower CRP levels, in addition to higher monocyte values and decreased neutrophil/lymphocyte ratio (NLR) compared to the COVID-19 alone group. Also, D-dimer and ferritin values were decreased, but this difference was not significant. Total leukocytes, absolute neutrophils and platelets were similar between groups (14).




Discussion

This review identifies and characterizes the cellular and humoral immune response observed in COVID-19 and tuberculosis coinfection. Based on four cross-sectional studies, patients with asymptomatic COVID-19 and LTBI exhibited a more prominent immune response against SARS-CoV-2, characterized by increased serum cytokines, chemokines, growth factors and immunoglobulins when compared with patients with only COVID-19 (13). Additionally, patients with symptomatic COVID-19 and LTBI had higher leukocytes counts in comparison to only COVID-19 patients (14). In contrast, COVID-19 and aTB coinfection, exhibited lower polyfunctional capacity of CD4+ T lymphocytes with less responsive to SARS-CoV-2 specific antigens in comparison with patients with only COVID-19 (15, 16).


Cytokines and chemokines

At the onset of SARS-CoV-2 infection, the innate immune system produces cytokines and chemokines to inhibit viral replication. This initial response is characterized by elevated serum levels of IFN-α, TNF, and IFN-γ which is typically more prominent and effective in patients who ultimately survive than in patients who die of COVID-19 (17, 18). In the present review, the study by Rajamanickam et al. (13) studied patients with asymptomatic COVID-19 and found that patients with LTBI and COVID-19 coinfection had higher production of protective (IL-1α, IL-1β, IL-2, IL-12, IL-17, TNF-α, IFN-α, IFN-β, IFN-γ) and regulatory (IL-4, IL-10, IL-25, IL-33) cytokines than patients with COVID-19 alone. This increased cytokine production coincides with the increased cytokine production in LTBI as part of the response against Mtb (16), independent of SARS-CoV-2 infection. This study also found that LTBI/COVID-19 versus COVID-19 patients had higher levels of CCL3 and CXCL10 chemokines, which are critical for T cell migration and Th1 immune response. Furthermore, it should be noted that we have not found studies evaluating cytokine and chemokine production in patients with COVID-19 and aTB coinfection, where their production might be different. Differences were particularly apparent in patients with severe COVID-19, where cytokine storm is known to trigger unfavorable outcomes such as acute respiratory distress syndrome (ARDS), sepsis and coagulopathy (9). Importantly, IL-2 and IL-12 levels are significantly higher in patients with asymptomatic and mild COVID-19 versus moderate and severe disease, while IL-6 levels are correlated with increased severity and poor outcomes in COVID-19 (19, 20). These results, suggest that despite the increase of IL-6 seen in LTBI and COVID-19 coinfection that could worsen the disease, these patients also increase IL-2, IL-12 and other cytokines which will balance the negative IL-6 effects.



Lymphocytes

An adequate immune response at the onset of SARS-CoV-2 infection leads to T-lymphocyte elevation (17). However, in patients with severe COVID-19, lymphocyte counts decrease and are associated with a worse prognosis with respect to disease severity (21). The study by Madan et al. (14) found that patients with symptomatic COVID-19 and LTBI had higher absolute lymphocyte counts compared to patients with COVID-19 alone. In patients with LTBI, prior exposure to and control of Mtb produces trained innate immunity leading to early development of adaptive immunity (22), along with the development of heterologous immunity with cross-reactivity and activation of memory T lymphocytes by the presence of SARS-CoV-2 peptides (23, 24). This early response would avoid the intense proliferation, migration, apoptosis and late extravasation of lymphocytes, these mechanisms cause the characteristic lymphopenia in severe COVID-19 disease (17), which is associated with higher mortality (25).

However, with COVID-19 and aTB infection, the cellular response seems different. Petrone et al. and Riou et al. report that patients with COVID-19 and aTB had decreased absolute lymphocyte counts (16), CD4+ T lymphocytes specific against SARS-CoV-2 (14) and polyfunctional CD4+ T lymphocytes (IFN-γ+, IL-2+, TNF-α+) (15), compared to patients with COVID-19 alone. This group of patients mostly presented with moderate COVID-19 disease, which explains a marked decrease in the percentage of polyfunctional T lymphocytes (IFN-γ+, IL-2+, TNF-α+) (26). Likewise, it has been reported that patients with aTB have a low total lymphocyte count (27) and decreased Mtb-specific polyfunctional T lymphocyte (IFN-γ+, IL-2+, TNF-α+) capacity (28), with hyperactivation of regulatory T lymphocytes. This suggests that in COVID-19 and aTB there is a distorted hyperinflammatory synergistic state with low immune potential that would alter the polyfunctional capacity and development of CD4-specific T lymphocytes specific against SARS-CoV-2.

It has previously been hypothesized that SARS-CoV-2 infection could reactivate LTBI (29). The study by Riou et al. (15) found that patients with COVID-19 had lower numbers of CD4 T lymphocytes specific against Mtb compared with patients without COVID-19, which could mean that cellular defense against Mtb is decreased with SARS-CoV-2 coinfection. However, among the groups of patients with SARS-CoV-2 infection, no significant differences were found in the expression of markers of Mtb-specific CD4 T lymphocyte activation and proliferation (HLA-DR, CD38, and Ki67) (15, 30). Thus, the current evidence is inconsistent and future studies should corroborate these findings.



Responsiveness to SARS-CoV-2 and Mtb antigens

T lymphocytes are the main producers of IFN-γ and their synthesis is stimulated after the specific recognition of antigens from prior exposures (31). The study by Petrone et al. (16) found that in patients with symptomatic COVID-19 and aTB the level of IFN-γ produced in response to SARS-CoV-2 specific CD4S antigen was lower compared to patients with only COVID-19 or COVID-19 and LTBI coinfection. Indeed, this decrease in IFN-γ production after antigen stimulation perfectly correlates with the lower number of polyfunctional CD4+ T cells (IFN-γ+, IL-2+, TNF-α+) that react against CD4S antigens observed by Riou et al. in COVID-19 and aTB coinfection versus only COVID-19 (15). Interestingly, Petrone et al. also showed non-significant higher levels of IFN-γ secreted by CD4S-specific T cells from patients with COVID-19 and LTBI when compared with only COVID-19 group (16). In fact, CD4S and TB1/TB2-specific T cell clones could be the main source of the higher serum levels of IFN-γ observed in patients with COVID-19 and LTBI versus COVID-19 in Rajamanickam et al. (11). Together, these results suggest that a previous exposure to TB as observed in LTBI could be helping T cells responsiveness against SARS-CoV-2.



Humoral response

T-lymphocyte stimulation plays a key role in B-lymphocyte activation and differentiation, resulting in the production of neutralizing antibodies and affinity maturation (31, 32). Rajamanickam et al. (13) report that patients with asymptomatic COVID-19 and LTBI had higher levels of neutralizing antibodies, IgM, IgG and IgA specific to SARS-CoV-2, compared to the COVID-19 alone group. Similar results were observed in persons immunized against SARS-CoV-2 and BCG (31, 33). This robust humoral response could be due to early recognition of SARS-CoV-2 peptides, together with activation and differentiation of memory T lymphocytes, products of heterologous immunity after previous exposure to Mtb antigens.



Hematologic and inflammatory laboratory biomarkers

Hematologic and inflammatory biomarkers are useful as predictors of severe disease and mortality due to COVID-19. These include increased leukocytes, decreased lymphocytes and platelets, elevated neutrophil/lymphocyte ratio, and elevated IL-6, CRP, D-dimer, and ferritin (21, 34) Rajamanickam et al. (13) evaluated patients with asymptomatic COVID-19 and found that patients with LTBI had elevated CRP and α-2 microglobulin levels compared to patients to patients with only COVID-19. On the other hand, Madan et al. (14) found that patients with symptomatic COVID-19 and LTBI had increased neutrophil/lymphocyte ratio and monocyte counts, with decreased CRP, compared to patients with COVID-19 alone. A possible explanation for these results is that in the study the patients are not in the acute phase of the infection (9), in addition, in this same group an elevation of IL-6 was found, which would elevate hepatic synthesis of CRP (35). Meanwhile, in the study by Madan et al. (14) patients with symptomatic LTBI and COVID-19, although they are in an acute stage of infection, the time of infection is not specified, so the values could correspond to the second stage of the immune response against SARS-CoV-2 (9).



Limitations of included studies

The studies included in this review have certain limitations. First, all were cross-sectional, so the lack of longitudinal studies limits the assessment of causality. In addition, the sample sizes were small which limits statistical power. Not all the studies presented the same populations, type of tuberculosis, measurements or the same objectives, so that for most of the outcomes evaluated, consistency between the results could not be verified. In addition, none of the studies performed analyses adjusted for confounding factors.



Implications and recommendations

In the present review, we included studies that evaluated the immune response in patients with COVID-19 and tuberculosis compared to patients with only COVID-19. We found that patients with COVID-19 and LTBI develop an immune response that could positively impact the outcome. However, patients with COVID-19 and aTB exhibited a reduced immune response, characterized by lower IFN-γ response to SARS-CoV-2 specific antigens and lower functional response of lymphocytes that will lead to higher morbidity and mortality. Based on these findings, we propose intervention strategies to identify therapeutic targets and immune-monitoring of T cell specific response against TB and COVID-19 antigens to reduce mortality in patients with coinfection. In addition, we recommend longitudinal studies in other populations, to separately analyze patients with LTBI and aTB and at different stages of severity by COVID-19 to better understand the pathophysiology. Further studies are also needed to understand how COVID-19 might reactivate LTBI or exacerbate aTB. Also, there is a lack of evidence for most of the outcomes evaluated. In patients with asymptomatic COVID-19 and LTBI there is an absence of data on cell counts and antigen responsiveness. In patients with symptomatic COVID-19 and LTBI there is an absence of data on cytokines, humoral response, and antigen responsiveness. Finally, in patients with COVID-19 and aTB no information was found on cytokines, humoral response, and cell counts.



Limitations and strengths

Among the limitations presented by this scoping review, we have the small number of eligible studies according to the selection criteria and with such a small sample, there is high heterogeneity in the composition of the groups and in the used parameters to evaluate the immune response. In addition, we did not evaluate articles in the gray literature. Regarding strengths, the present study was conducted according to the JBI and PRISMA-ScR guidelines, which ensure methodological soundness and quality of the results. Also, all review processes were performed in duplicate.




Conclusions

The immune response in COVID-19 and tuberculosis coinfection is complex and is influenced by both innate and adaptive immunity. The results of the current evidence indicate that in LTBI patients, positive immunomodulation against COVID-19 occurs, probably by trained innate immunity and crossed heterologous immunity. On the other hand, patients with aTB would have a lower SARS-CoV-2 specific response and lower lymphocyte function which would not effectively control the infection. There are still several gaps in knowledge and further longitudinal studies are needed to confirm these findings.
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