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A B S T R A C T

Tuberculosis (TB) is an age-old disease that remains a significant global public health issue. The protective 
response to Mycobacterium tuberculosis (MTB) is a complex and multifaceted process involving several com
ponents of the immune system, primarily driven by the cooperation between macrophages and T-cell pop
ulations. Various animal and human studies have well established the influential roles that cytokines and 
chemokines play in determining the outcome of MTB infection. The study focused on assessing the influence of 
Th1 and Th2 responses in tuberculosis by examining the current cytokine profiles in TB patients, emphasizing 
Th1 and Th2 cytokines, and comparing these profiles with those of patients undergoing treatment and a control 
group. Additionally, the relationship between cytokine status and the patients’ sex and age was assessed. The 
analysis of Th1/Th2 cytokines revealed a dichotomy between untreated and treated conditions. The results 
showed that untreated individuals suffered from a Th1 cytokine deficiency. However, this condition was reversed 
following the administration of anti-TB antibiotics, with patients who received these drugs showing a shift to
wards a protective Th1 cytokine profile. Cytokines play a decisive role in various infectious diseases, and this 
study confirms that TB is among them. The findings from this research could pave the way for novel diagnostic 
and therapeutic approaches in tuberculosis research.

1. Introduction

Drug-resistant forms of tuberculosis (TB), such as extensively drug- 
resistant (XDR-TB) and multidrug-resistant (MDR-TB), pose a signifi
cant threat to global health, particularly in developing nations (Gupta 
et al., 2024). The complex management of TB heavily relies on prompt 
diagnosis and effective treatment plans (Iacobino et al., 2020). How
ever, drug-resistant TB strains complicate treatment outcomes, often 
requiring longer treatment durations with more expensive and potent 
medications (Vanino et al., 2023). Understanding the impact of these 
strains on treatment outcomes is crucial, especially when considering 
the role of cytokine dynamics, which are pivotal in immune responses 

against tuberculosis. The study noted that Th2 cytokines were more 
prevalent than Th1 cytokines in untreated TB patients, suggesting a 
potentially inefficient immune response (Shen and Chen, 2018). The 
challenge of drug-resistant tuberculosis, where traditional treatments 
may be less effective, underscores the need for novel strategies, such as 
cytokine-based therapeutics. Modifying cytokine profiles could poten
tially enhance immune responses and improve treatment outcomes, 
particularly in drug-resistant TB cases where conventional therapies 
often prove ineffective (Domingo-Gonzalez et al., 2016). When immune 
cells come into contact with Mycobacterium tuberculosis (MTB) bacilli, 
it initiates a series of immune responses (Chandra et al., 2022). This 
interaction leads to the up-regulation or down-regulation of genes 
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associated with various immune molecules, including cytokines and 
chemokines. The coordinated activity of these molecules determines 
whether the infection progresses to pathological conditions or leads to a 
cure for tuberculosis (TB). Thus, the initial cytokine milieu plays a vital 
role in determining the prognosis or cure of TB. However, a single 
cytokine may not have a causal role; rather, the outcome could be due to 
a combination of multiple cytokines (Gideon et al., 2015). Early immune 
events initiated when MTB encounters alveolar type II pneumocytes, 
airway epithelial cells, dendritic cells, alveolar macrophages, and neu
trophils (Corleis and Dorhoi, 2020). Among these, the first two cell types 
are responsible for producing immune mediators such as cytokines and 
chemokines, as well as directly eliminating MTB. In addition to these 
cells, T lymphocytes and B lymphocytes are also crucial for the large- 
scale production of cytokines (Reinhardt et al., 2009). Besides cyto
kine production, B cells produce antibodies that restrict the movement 
of MTB. T cells are further classified into CD4 T cells (also known as T- 
helper (Th) cells) and CD8 T cells (also known as cytotoxic T lympho
cytes (CTL)). T-helper cells are divided into Th1 and Th2 cells based on 
the cytokines they produce. Generally, Th1 cells produce IFN-γ, TNF-α, 
IL-2, and other cytokines responsible for cell-mediated immunity (CMI) 
(Tan et al., 2012). Similarly, Th2 cells produce IL-4, IL-5, IL-10, IL-6, IL- 
13, and other cytokines that govern humoral (antibody-mediated) im
munity. An important measure of the Th1/Th2 cytokine balance in 
immune responses is the IFN-γ/IL-10 ratio. Th1 cells produce IFN-γ, 
which activates macrophages and strengthens cell-mediated immunity 
against intracellular infections such as MTB. Conversely, IL-10, pro
duced by macrophages and regulatory T cells, reduces immune re
sponses and inflammation. In pathogen control, a dominant Th1 
response is indicated by a higher IFN-γ/IL-10 ratio, whereas a shift to
wards Th2 responses, indicated by a lower ratio, may be associated with 
immune suppression or disease progression (Khan et al., 2016). Moni
toring this ratio can help assess the effectiveness of treatment for dis
eases like tuberculosis and evaluate immunological status.

The management of TB is a complex process that primarily depends 
on timely diagnosis. It becomes even more complicated in cases of latent 
TB and pediatric TB. In the vast majority of patients, TB is manageable 
with appropriate drugs. However, the situation can worsen if the causal 
agent is MDR or XDR. The management of TB, particularly in the context 
of drug resistance, has not been extensively studied concerning the 
cytokine status of the host (Allué-Guardia et al., 2021). As discussed 
above, these cytokines act as a double-edged sword, as they can deter
mine the outcome of a disease, leading either to a cure or to patho
genesis. Understanding cytokine levels could assist in developing novel 
cytokine-therapy-assisted anti-MTB treatment regimens (Cao et al., 
2024). Therefore, while this study provides vital insights into cytokine 
dynamics during tuberculosis and treatment, future research examining 
cytokine-based therapy techniques could significantly impact the man
agement of drug-resistant tuberculosis and improve patient outcomes. 
The aim of this study is to examine the cytokine profiles of tuberculosis 
patients, with a specific emphasis on the ratio of Th1 to Th2 cytokines 
and the changes in these profiles throughout the therapeutic process. We 
also seek to investigate any connections between patient variables, such 
as age and sex, and these cytokine profiles by comparing them to those 
of healthy controls. Our study aims to shed light on the immunopatho
genesis of tuberculosis and suggest methods for improving treatment 
regimens by clarifying these cytokine dynamics.

2. Materials and methods

2.1. Study Cohort

The current research included 300 tuberculosis (TB) patients, 
comprising 156 treatment-naïve individuals and 144 patients undergo
ing therapy. Additionally, a control group of 100 age- and sex-matched 
individuals was included in the study. The study samples were from 
Government Hospital, Tambaram Sanatorium, Chennai, India (Approval 

No: UM/IHEC/16–2013-I).

2.2. Samples

5 mL of peripheral blood was taken from each patient with Pulmo
nary TB and serum was separated for the study.

2.3. Inclusion criteria

• Pulmonary Tuberculosis cases
• AFB positive

2.4. Exclusion criteria

• HIV positive cases
• Extra Pulmonary TB cases

2.5. Cytokine assay

The cytokines tested were IFN-γ and TNF-α (Th1 cytokines), and IL- 
10 and IL-6 (Th2 cytokines), using ELISA kits. IL-6, TNF-α, and IL-10 
were detected using kits obtained from PeproTech (900-K16, 900-K25, 
900-K21), and IFN-γ was measured using EIA kits from Thermo Scien
tific (Cat. No KHIFNG). The following protocol was employed for the EIA 
kits manufactured by PeproTech.

2.6. ELISA protocol used for the detection of IL-6, TNF-α and IL-10

PeproTech ELISA kits were used to quantify the cytokines IL-6, TNF- 
α, and IL-10. The protocol was as follows: A 96-well microtiter plate was 
incorporated with a coating antibody at a concentration of 1 μg/mL, 
diluted in PBS (pH 7.4). The plate was sealed and incubated overnight at 
room temperature. The next day, the seal was removed, and the wells 
were blocked with 300 µL of 1 % BSA, followed by a one-hour incubation 
at room temperature (RT). After blocking, the content was decanted, and 
the test sample was added. The plate was then incubated for 2 h at room 
temperature. Following incubation, the plates were washed three times 
with washing buffer (PBS with 0.05 % Tween-20). Subsequently, 100 µL 
of detecting antibody at a concentration of 0.25 μg/mL was added, and 
the plate was incubated for an additional two hours. After incubation, 
washing step was followed by the addition of 100 µL of avidin peroxi
dase conjugate at a concentration of 0.6 mg/mL was added and incu
bated for 45 min at room temperature. The plates were then washed 
again, and 100 µL of ABTS substrate solution was added for color 
development. The absorbance was read at a wavelength of 405 nm using 
an ELISA equipment. Standards were included on each ELISA plate, and 
a standard curve was plotted. A linear regression analysis method was 
used to calculate the cytokine concentrations in the unknown samples 
(Yildirim et al., 2020). The coefficient of variation (CV) was < 10 %.

2.7. ELISA protocols used for the detection of IFN –γ

For this ELISA, 96-well polystyrene microtiter plates (Sigma-Aldrich 
Cat. No. M9410) were coated with anti-human IFN-γ antibody (coating 
antibody). After the addition of one hundred microliter and followed by 
incubation, the plate was kept overnight in the optimum temperature. 
The coating antibody was then decanted, and the plates were washed 
three times with PBS (pH 7.4) containing 0.05 % Tween 20 (wash 
buffer). Following this, 300 µL of blocking buffer was added to each well 
and incubated for 2 h, after which the blocking buffer was aspirated. 
One hundred microliters of test samples, positive control, and negative 
control samples were added to the wells. The plates were then covered 
and incubated for 60 min, followed by three washes. Next, 100 µL 
streptavidin-HRP conjugate was added. The plate was then kept for 30 
min in the optimum temperature and washed.

Then, 100 µL of substrate solution was incubated in all the wells and 
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kept for 20 min in optimum temperature at dark. After, stop solution 50 
µL was added in each well and measured the color intensity using ELISA 
equipment (BioTek Instruments, Vermont, USA). A standard curve was 
plotted for each ELISA plate, and linear regression analysis was used to 
calculate the cytokine concentrations in the unknown samples 
(Maruthamuthu et al., 2020; Davidson et al., 2021; Narenkumar et al., 
2021). After obtaining the ELISA values, the concentration of each 

cytokine was calculated and represented as pg/mL. The experimental 
groups included active TB patients, patients undergoing treatment, and 
negative controls. Experiments were performed in triplicate, and the 

 

1a 1b

Fig. 1. (a) Number and proportion of population enrolled. The demography consisted of 300 were TB positive individuals (156 treatment naïve and 144 under 
therapy) and 100 were healthy controls, (b) The age wise classification of TB positive patients and control groups.

Fig. 2. (a) The overall Th1 cytokine levels of TB patients and healthy controls, 
(b) The overall Th2 cytokine levels of TB patients and healthy controls.

Fig. 3. (a)Th1/Th2 cytokine ratio among TB-positive groups and control in
dividuals which was calculated by dividing Th1 values (mean pg/mL) by Th2 
values, (b) Study group was divided into various groups namely treatment 
naïve, patients under therapy and controls.
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mean and standard deviation of each cytokine were calculated. The 
Th1/Th2 ratio was determined from the ratio of IFN-γ to IL-10. The 
values were then analyzed based on sex and age group.

2.8. Statistical analysis

Standard curves were utilized to determine the cytokine concentra
tions (pg/mL), with linear regression was applied for result analysis. 
Statistical analysis was conducted using IBM SPSS Statistics v21, and 
chi-square tests were employed to assess categorical data (IBM Corp., 
IBM SPSS Statistics v21). The chi-square test was also used to calculate 
the p-value.

3. Results

3.1. Clinical characteristics and demographic study

A total of 300 TB patients (156 treatment-naïve and 144 undergoing 
treatment) and 100 TB-negative individuals were enrolled. Serum 
samples obtained from these participants were screened for Th1 and Th2 
cytokines by ELISA (Fig. 1a). The age groups were subdivided into pe
diatric (<12 years old), adolescents (12–18 years), young adults (19–40 
years), middle-aged adults (41–60 years), and older adults (>60 years). 
The samples were sex- and age-matched (Fig. 1b).

3.2. Serum cytokine levels among TB positive and control individuals

In this study, Th1 cytokines, namely IFN-γ and TNF-α, and Th2 cy
tokines, namely IL-10 and IL-6, were evaluated in the serum of TB pa
tients and controls. A striking observation was that among the untreated 
TB patients, there was lower level of Th1 while extremely high levels of 
Th2 (Fig. 2a & 2b). Another important finding was that among the TB 
patients undergoing treatment, the situation was reversed: Th1 cyto
kines were upregulated, and Th2 cytokines were downregulated. Ex
periments were repeated three times, and the figure shows the mean ±
SD of the three experiments. When analyzing Th1 cytokines separately, 

untreated TB patients had an IFN-γ level of 45.5 ± 3.8 pg/mL, which 
increased remarkably by 13.4-fold to 608.5 ± 7.6 pg/mL among treated 
individuals. Similarly, TNF-α levels increased by 12.7-fold among 
treated TB patients. Analysis of Th2 cytokines showed that treatment- 
naïve TB patients had significantly high serum IL-10 levels, i.e., 372.4 ±
4.9 pg/mL, which were downregulated by 8-fold to 42.3 ± 5.1 pg/mL 
upon treatment. Likewise, a 9.5-fold reduction was observed in another 
Th2 cytokine, IL-6. These serum cytokine levels were also reflected in 
the Th1/Th2 ratio, which often indicates disease progression versus 
improvement. The overall Th1/Th2 ratio for untreated TB patients was 
0.1, which increased dramatically to 14.4 among patients under treat
ment (Fig. 3a). Negative control subjects did not show a preference for 
either Th1 or Th2 cytokines, and their Th1/Th2 ratio remained around 
1.1. Overall, this study revealed a positive correlation with Th1 cyto
kines during treatment, whereas there was a negative correlation with 
Th2 cytokines. It appears that TB pathogenesis initially skews immune 
cells towards a non-protective Th2 phenotype, but TB treatment restores 
the Th1 cytokine profile. In this context, we selected only a few cyto
kines from each Th1 and Th2 paradigm for this study, and the observed 
differences were discussed. However, other Th1 and Th2 cytokines were 
not included, and their inclusion may provide further insights into the 
overall role of each cytokine during TB.

3.3. Correlation of gender or age of Th-1 and Th-2 cytokine secretion 
among TB patients

As described above, the untreated TB population exhibited a pre
ponderance of the Th2 T-cell phenotype, which shifted back to the Th1 
type upon treatment. The data were then analyzed to determine whether 
these cytokine patterns differed between genders and age groups. Fig. 3b 
shows the cytokine patterns among TB treatment-naïve patients. As 
illustrated, both males and females showed low level of Th1 and 
significantly higher levels of Th2 (p < 0.001) among untreated patients. 
However, there was no difference between genders in terms of cytokine 
quantity or Th1/Th2 ratio. This trend was reversed when the cytokine 
spectrum was evaluated among patients undergoing treatment, as 

Fig. 4. (a) Study group divided into various groups namely treatment naïve, patients under therapy, (b) Study group divided into various groups namely treatment 
naïve, patients under therapy and controls, (c) Th1/Th2 cytokine ratio among TB-positive groups and control individuals which was calculated by dividing Th1 
values (mean pg/mL) by Th2 values.
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shown in Fig. 4a. TB treatment shifted the trend towards the Th1 
phenotype, as evidenced by increased secretion of Th1 cytokines and 
simultaneous downregulation of Th2 cytokines. Even among the treated 
TB cases, there was no difference between genders regarding cytokine 
secretion patterns or the Th1/Th2 ratio. It is important to note that none 
of the control samples exhibited any shift towards Th1 or Th2 pheno
types (Fig. 4b). As shown in Fig. 4c, both males and females had com
parable levels of the Th1/Th2 ratio

The data were further analyzed to determine whether cytokine pat
terns differed between various age groups. Age subgroups were formed 
as mentioned above, and the results for treatment-naïve (untreated) 
patients are shown in Fig. 5a. As illustrated, all age groups showed low 
level of Th1 cytokines and significantly higher levels of Th2 (p < 0.001) 
among the treatment-naïve group. However, there was no difference 
between different age groups in terms of cytokine quantity or Th1/Th2 
ratio. This trend was reversed when the cytokine spectrum was evalu
ated among patients undergoing treatment, as shown in Fig. 5b. TB 
treatment shifted the trend towards the Th1 phenotype, as evidenced by 
increased secretion of Th1 cytokines and simultaneous downregulation 
of Th2 cytokines. Even among the treated TB cases, there was no dif
ference among the different age groups regarding cytokine secretion 
patterns or the Th1/Th2 ratio. As shown above, none of the control 
samples exhibited any shift towards Th1 or Th2 phenotypes (Fig. 6a). As 
shown in Fig. 6b, all age groups had comparable levels of the Th1/Th2 
ratio.

4. Discussion

The cytokine profiles of tuberculosis (TB) patients and their impli
cations for disease management are significantly illuminated by our 
work. The results highlight important ramifications for TB pathogenesis 
and treatment approaches by revealing notable disparities in cytokine 
balances among untreated TB patients, those receiving treatment, and 
healthy controls. One of the most concerning findings of our study is the 
prevalence of Th2 cytokines, such as IL-10 and IL-6, in untreated TB 
patients. Th2 cytokines are generally associated with immunological 
suppression and the modulation of antibody-mediated responses, rather 
than with cell-mediated immunity, which is crucial for combating 
intracellular infections like Mycobacterium tuberculosis (MTB) (Rijnink 
et al., 2021; Ramalingam et al., 2023). Cytokines are low molecular 
weight (~5–20 kDa) messengers that play a vital role in all aspects of 
immunity and inflammation (Ibelgaufts, 2013; O’Garra et al., 2013). 
Interleukins (IL) are complex immune modulatory proteins involved in 
cell proliferation, maturation, migration, and adhesion (Brocker et al., 
2010; Day et al., 2011). The Th1 and Th2 paradigm was introduced by 
Mosmann and Coffman in 1989, and subsequently, Th1 and Th2 cyto
kines have been reported as causal factors in several microbial diseases. 
With this background, the current study was conducted on MTB patients 
and controls, examining various serum Th1 and Th2 cytokines before 
and after treatment, and observed three major findings.

First, during active TB before the initiation of treatment (untreated 
group), patients had a preponderance of Th2 serum cytokines over Th1 
cytokines. Second, TB patients undergoing active treatment showed a 
predilection toward Th1 serum cytokines. Third, these disparities in 
cytokine levels were not biased by gender or age. Among Th1 cytokines, 
IFN-γ plays a critical role during inflammation caused by MTB. It is 
important for the migratory and functional properties of various cell 
types, including T cells, natural killer (NK) cells, and antigen-presenting 
cells such as macrophages (Agger et al., 2008; Wong et al., 2020). The 
importance of IFN-γ during MTB infections has been well documented. 
Filipe-Santos et al. (2006) and Zhang et al. (2008) reported that in
dividuals with a genetic deficiency of IFN-γ were more prone to MTB 
infection. Similarly, patients with defective IFN-γ receptors, such as 
autosomal complete recessive IFN-γ R1 (Sologuren et al., 2011) or IFN-γ 
R2 (Vogt et al., 2005), also exhibited greater susceptibility to MTB in
fections. It has also been documented that IFN-γ knockout mice were 
susceptible to infection even with a low dose of MTB (Sologuren et al., 
2011) and these mice had poor macrophage activation and increased 
granulocyte inflammation (Dorman and Holland, 1998; Vogt et al., 
2005).

In humans, it has been shown that during MTB infections, there is an 
impairment of IFN-γ secretion (Safak and Risvanli, 2022). This obser
vation corroborates our findings. However, our observation is more 
significant in that while they observed the impairment in macrophages 
isolated from MTB patients, we conducted our experiments using serum 
collected from MTB patients, where the impairment was observed in the 
serum. In addition, this impairment was not limited to IFN-γ secretion 
but also included a general downregulation of Th1 cytokines. Flynn et al. 
(1993) showed that mice deficient in TNF-α had enhanced susceptibility 
to MTB infections, supporting our findings of diminished TNF-α secre
tion in our patients. Our study also provides additional insight into the 
dynamics of Th2 cytokines in MTB patients. We found that Th2, spe
cifically IL – 10 and I L – 6, were abundantly higher during active TB 
infections.

Another notable observation in our study was that both genders and 
all age groups exhibited similar cytokine production patterns during TB 
infections, with no apparent bias. It has been documented that females 
generally respond better to treatment or vaccination than males, which 
is attributed to sex hormones that have a profound effect on immune 
cells (Safak et al., 2022). For instance, the female hormone estrogen can 
stimulate the secretion of IFN – γ, TNF – α, and IL – 12 while inhibiting 
the production of IL-10 (Fish, 2008). Conversely, the male sex hormone 
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testosterone can stimulate IL-10 production and suppress IFN – γ 
secretion (Lotter et al., 2013), which could contribute to the higher 
incidence of TB among males, with a male-to-female ratio of 1.9:1 
(Pinzan et al., 2010).

Age-related changes in Th1 and Th2 cytokine profiles often show a 
shift from Th1 to Th2 with increasing age (Gardner and Murasko, 2002; 
Neyrolles and Quintana-Murci, 2009; Amelio et al., 2017; Mar
uthamuthu et al., 2020; Yildirim et al., 2020; Davidson et al., 2021; 
Narenkumar et al., 2021). However, the influence of sex or age on TB has 
not been extensively studied. In our study, we did not find any differ
ences in Th1 or Th2 cytokine profiles related to sex or age among pa
tients or controls, except for the differences associated with the 
untreated versus treated status of the TB patients, as discussed above.

5. Conclusions

Cytokines are crucial in various infectious diseases, including 
tuberculosis (TB), as highlighted by our study. Our analysis of Th1/Th2 
cytokines revealed a significant difference between untreated and 
treated conditions. Untreated individuals showed a deficiency in Th1 
cytokines, which may exacerbate the severity of TB. This deficiency was 

reversed with the administration of anti-TB antibiotics, resulting in a 
shift towards a Th1-dominant cytokine profile that is typically protec
tive. However, the widespread use of anti-TB drugs carries the risk of 
developing drug-resistant strains, such as multidrug-resistant (MDR) 
and extensively drug-resistant (XDR) TB, which are difficult to treat. To 
address this, cytokine therapy could be considered. By administering the 
deficient cytokines to enhance Th1 levels, it might be possible to prevent 
the emergence of MDR or XDR TB or improve management if such 
strains occur. Additionally, exploring host genetics and developing 
immunotherapy based on cytokine modulation may offer new avenues 
for improving TB treatment and reducing the global disease burden. 
Thus, a thorough understanding of cytokine dynamics in TB is essential 
for advancing clinical management and developing innovative treat
ments to improve patient outcomes and achieve global TB eradication 
goals.

5.1. Future directions of this study

The findings of this study on the cytokine profiles of TB patients have 
significant potential to enhance our understanding of and approach to 
treating tuberculosis in the future. Further investigation into the 
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molecular interactions between Th1 and Th2 cytokines during tuber
culosis pathogenesis is necessary, with a focus on their roles in immune 
regulation and bacterial clearance. Integrating systems biology tech
niques could offer a holistic view of host-pathogen interactions, poten
tially uncovering new biomarkers and treatment targets. Additionally, 
investigating the roles of host genetics, epigenetics, and non-cytokine 
immunological mediators on cytokine responses could improve the 
customization of TB therapy regimens. Longitudinal studies are essential 
for monitoring cytokine dynamics throughout various stages of tuber
culosis infection and treatment, which will inform the development of 
cytokine-based diagnostics and immunotherapies. By translating these 
findings into clinical trials and global health policies, we can work to
wards optimizing TB management techniques and ultimately contribute 
to global efforts aimed at reducing the burden of tuberculosis.
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