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Abstract:

Objective: The interleukin-12/interferon-y (IL-12/1FN-7Y) pathway is the most validated cytokine pathway regulating
Mycobacterium tuberculosis infection. The role of IL-12/1FN-7y axis in protecting against tuberculosis (TB) is exhibited
in people having mutations in genes encoding these cytokines. We aimed to study the serum levels of IL-12 and IFN-y
in pediatric tuberculosis and their correlation with clinical and microbiological features.

Material and Methods: A case-control study was conducted on 60 microbiologically confirmed (smear and/or culture
and/or cartridge-based nucleic acid amplification test) or clinically diagnosed (based on clinical features and radiography
and/or contact history and/or Mantoux test with/without microbiological confirmation) pediatric TB patients <12 years.
Serum interleukin-12 and interferon-gamma levels were estimated using enzyme-linked immunosorbent assays.Thirty
age- and sex-matched controls were also included in the study.

Results: The median IL-12 levels were lower in our pediatric TB patients (488.1 pg/ml) compared to controls (784.8
pg/ml). However, the IFN-7Y/IL-12 ratios were significantly higher among the TB patients as compared to the controls.
Moreover, the levels of interleukin-12 and interferon gamma were significantly lower in cases with no evidence of TB on
chest radiography. IL-12 was significantly lower in patients with hydrocephalus and enlarged ventricles. Higher levels of

IL-12 and IFN-Y were associated with positive results by conventional microbiological techniques.
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Conclusion: The serum IFN-Y level and the IFN-Y/IL-12 ratio were significantly higher in children with TB compared to

the controls in this study. Higher IL-12 and IFN-Yy levels as well as IFN-Y/IL-12 ratios were associated with positive results

by conventional microbiological techniques. Further studies on larger sample sizes could help evaluate the usefulness

of interleukin-12 and interferon-7y as potential markers of severity and prognosis in pediatric TB.
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Introduction

Pediatric tuberculosis (TB) accounts for 10-20% of all
TB cases in high-burden countries'. In 2016, the incidence
of TB in India was estimated at 2,790,000 of which pediatric
cases were around 227,000°. Children usually present with
non-specific clinical symptoms for TB leading to a delay in
diagnosis. In addition, the positivity of smear microscopy
and culture tests remains low in children due to suboptimal
samples and paucibacillary disease’. The World Health
Organization (WHO) has recommended upfront Xpert MTB/
RIF for the diagnosis of TB in presumptive TB cases in the
pediatric population. Recent studies have found increased
sensitivities when applying the Xpert MTB/RIF and Xpert
MTB/RIF Ultra tests™®. However, due to limitations related
to finances and infrastructure in many settings,clinicians
mostly rely on medical history, contact tracing, tuberculin
skin tests (TST), chest radiography, and the observed lack
of response to antibiotics when diagnosing TB in children®.

As TB is considered a disease of a weak immune
system, biomarkers reflecting various stages may prove to
be of utility for the efficient management and control of the
disease, especially among children. Interferon-y (IFN-7y)
and interleukin-12 (IL-12) act as central cytokines in the
regulatory and effector phases of the immune response
to Mycobacteriumm tuberculosis®. IL-12 is synthesized by
macrophages infected with intracellular microorganisms.
IL-12, in turn, induces the production of IFN-y by T cells

and natural killer (NK) cells. IFN-7y is mainly involved in
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stimulating the transcription of major histocompatibility
complex class Il genes within macrophages, co-stimulatory
molecules like CD80, or enzymes like nitric oxide synthase,
which lead to the production of microbicidal products and
IL-12".

The IL-12/1FN-Y pathway has been extensively
studied and is the most validated cytokine pathway
regulating M. tuberculosis infection. The role of IL-12/1FN-y
axis in protecting against TB is exhibited in people having
mutations in various genes encoding these cytokines. Such
people exhibit Mendelian susceptibility to mycobacterial
disease (MSMD)®°. Various studies from different parts of
the world have identified the association of defects in the
IL-12/1FN-y pathway with the severe and disseminated

forms of TB in children®"

. Despite being so important in the
pathogenesis of TB, there are not many studies on these
cytokines in pediatric TB. Furthermore, to our knowledge,
the levels of these cytokines have not been studied in
association with various clinical and microbiological features
of pediatric TB. We aimed to study the serum levels of
interleukin-12 and interferon gamma in pediatric TB and

their correlation with clinical and microbiological features.

Material and Methods

A prospective case-control study was conducted
at Guru Teg Bahadur Hospital from November 2016 to
October 2017 after approval from the Institutional Ethics

Committee-Human Research, University College of Medical
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Sciences, Delhi (Reference no. IECHR/2016/27/54). Sixty
newly diagnosed pediatric TB patients were included in the
study. Written informed consent from the legal guardians
of the study participants and assent from the patients were

obtained wherever applicable.

Inclusion criteria

All clinically suspected pediatric TB cases up to
12 years of age during the study period were recruited.
The relevant specimens were subjected to conventional
microbiological tests and the cartridge-based nucleic
acid amplification test (CBNAAT) as a part of the routine
investigations from the hospital’s Department of Pediatrics
as per the Revised National Tuberculosis Control Program

(RNTCP) recommendations®.

Cases

From all the clinically suspected pediatric TB
cases, 60 children, who were microbiologically confirmed
(smear and/or culture and/or cartridge-based nucleic acid
amplification test) or clinically diagnosed (based on clinical
features and radiography and/or contact history and/or the
Mantoux test with/without microbiological confirmation) to
have active pulmonary or extrapulmonary TB and whom
the clinician had decided to treat with a full course of anti-
tubercular therapy, were enrolled in the study.

Patients with asymptomatic and latent TB infection

were not considered for enroliment in the study.

Definitions
Pulmonary TB: a clinically diagnosed/micro-
biologically confirmed case with the involvement of lung
parenchyma or the tracheobronchial tree, miliary TB, and
cases with both pulmonary and extrapulmonary features'.
Extrapulmonary TB: an either clinically
diagnosed or microbiologically confirmed case with the

involvement of organs other than lungs™.
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Clinical presentation of pulmonary TB: fever
and cough for 22 weeks, unexplained recent weight loss, a
history of contact with an infectious case, and/or suggestive
features on chest X-ray, and/or a reactive TST".

Clinical presentation of extrapulmonary TB:
according to the site involved along with non-specific
symptoms like fever, weight loss, anorexia etc., with/without
suggestive radiography features, and/or a reactive TST,

and/or contact history™.

Exclusion criteria

A previous history of TB or anti-tubercular treatment
and compromised immunity disqualified thepatients from
enrolliment in the study.

As per the past hospital records of around 300
annual samples were received from suspected pediatric
TB cases, a microbiological positivity rate of 10% was
estimated. Hence, we recruited until we obtained at least
30 microbiologically diagnosed pediatric TB cases and
continued the enrollment till the end of the study period.

Relevant samples (pulmonary TB-sputum or
gastric lavage aspirate wherever sputum was not
available; extrapulmonary TB as per the site involved) for
microbiological tests were collected according to the site
of involvement and were subjected to Ziehl Neelsen (ZN)
staining for acid-fast bacilli (AFB), culture in Lowenstein-
Jensen (LJ) media for M. tuberculosis, and CBNAAT. All
specimens were handled in a biosafety cabinet class Il B2".
The inoculated LJ media were incubated at 37 °C for up to
8 weeks. Cultures were identified by morphology and growth
rate analysis and confirmed via niacin, p-nitrobenzoic, and
MPT64 antigen detection tests®. CBNAAT was performed
as per the standard operating procedure (SOP) developed
by RNTCP at the directly observed therapy, short course
(DOTS) center'™.

Blood specimens (1-2 ml) were obtained from all

cases for biomarker level estimation.
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Controls

Thirty age- and sex-matched apparently healthy
children up to 12 years of age with no history of any recent
or chronic illness were included as controls, and pre-
vaccination blood specimens were collected at the time of
routine vaccination.

The tests were performed as per the protocol of the
commercially available interleukin-12p40 assay (Diaclone
Human IL-12p40 ELISA kit, France) and interferon-gamma
assay (Diaclone Human IFN-y ELISA kit, France) based
on the principle of the solid-phase sandwich enzyme-
linked immunosorbent assay (ELISA). For IL-12p40, the
ELISA test was valid if the concentration of the controls
was 12871322 pg/ml and the minimum detectable dose
(sensitivity) was 20 pg/ml. For IFN-7, the ELISA test was
valid if the concentration of the controls was 235+59 pg/
ml and the minimum detectable dose (sensitivity) was 5
pg/ml. The cytokine level in the sample was determined
by extrapolating the optical density (OD) values against the

standard cytokine concentrations using a standard curve.

Statistical analysis

The data were analyzed using the SPSS 20 software.
The median levels and interquartile ranges (IQR) of IL-12
and IFN-Y were calculated for various groups among the
TB patients and controls using the HAVERAGE or weighted
average (definition 1) method in the SPSS software.
Non-parametric tests were applied to compare cytokine
levels between different groups and report their statistical
significance. A p-value<0.05 was considered to indicate
a statistically significant difference. The Mann-Whitney U
test was used for two-group comparisons, whereas the
Spearman rank correlation coefficient was used to test the
correlation between serum IL-12 and IFN-Y levels. The
receiver operating characteristic (ROC) curve analysis was

also done for the biomarkers under study.
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Results

The age of the children in this study ranged from
2 months to 12 years; themean age was 6.8 years. The
male-to-female ratio was 1.2:1. Of the 60 participants, 40
children (66.66%) were found to have a weight-for-age
and body mass index <-2 standard deviations and were
diagnosed as being malnourished or underweight as per
the WHO child growth standards'.

Thirty-five participants (58.3%) were diagnosed
with pulmonary TB, while 25 (41.7%) were classified as
having extrapulmonary TB. Twenty-two patients (36.7%)
were found to have disseminated or miliary TB involving
both pulmonary and extrapulmonary sites. They were
categorized as pulmonary TB cases as per the RNTCP
guidelines™. The mean age of children with extrapulmonary
TB (8+3.48 years) was significantly higher than that of
children with pulmonary TB (6+4.09 years) (p-value=0.046).
Regarding site involvement, the pediatric TB cases in this
study comprised pulmonary TB (58%), tubercular meningitis
(20%), skeletal TB (8%), pleural TB (5%), tubercular
empyema (1%), tubercular liver abscess (2%), tubercular
lymphadenopathy (2%), abdominal TB (2%), and tubercular
psoas abscess (2%). Tubercular meningitis constituted the
majority (12/25) of extrapulmonary cases.

The most common symptoms at presentation
were fever, loss of appetite, weight loss, and pallor. All
the cases had no apparent co-morbidities or underlying
diseases. Forty-seven children (78.3%) had a history of
BCG administration. The TST for 30/54 (55.5%) tested
cases resulted reactive. A history of close contact with an
infective TB case was found in 32 (53.3%) patients. Fifty-
one of the participants (85.0%) had =1 radiological finding
suggestive of TB.

Thirty-three cases (55%) were microbiologically
confirmed via microscopy and/or culture and/or CBNAAT,
while the rest were clinically diagnosed. AFB were detected

by ZN staining in 12/60 (20.0%) cases. M. tuberculosis was
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isolated in culture among 17 patients (28.3%), and 50% of
the study sample was CBNAAT positive.

The median serum levels of IL-12 were higher
among controls compared to the confirmed TB patients, but
the difference was not significant, while the IFN-Y level was
significantly higher in pediatric TB cases (p-value=0.000)
compared to their control counterparts (Table 1).

Table 1 shows the ROC curve analysis of circulating
markers under study for pediatric TB. The area under the
curve (AUC) of IL-12 levels was not able to discriminate
between the two study groups, while the AUC for IFN-y
was found to discriminate between pediatric TB cases
and healthy controls at a statistically significant level
(p-value=0.000).

Serum IL-12 was significantly higher among males.
Moreover, serum IL-12 levels were significantly higher
among patients with cough (p-value=0.011) and dyspnea
(p-value=0.015), but it was lower among those with
headache at presentation (p-value=0.000). IFN-7y levels
were also found to be higher among cases presenting
with cough compared to those who did not have cough
(p-value=0.006). Serum IL-12 and IFN-y concentrations

were significantly higher in cases with puimonary TB (Table 2).
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Serum IL-12 levels were significantly lower (p-value=
0.013) in children having a normal chest radiograph as well
as in children resulting with hydrocephalus on a brain scan
(p-value=0.014) as compared to children who did not have
these characteristics. Meanwhile, serum levels of IFN-y
were found to be significantly lower (p-value=0.041) in
pediatric TB cases with a normal chest radiograph (Table 3).

Table 4 shows that the median IL-12 levels were
significantly higher among culture-positive as compared
to culture-negative cases (p-value=0.019). IL-12 levels
were also higher in patients resulting positive for TB via
microscopy and/or isolation on culture media as compared
to those who were found to be negative by both of these
tests (p-value=0.015). The median serum levels of IFN-y
were significantly higher in pediatric TB cases that were
AFB-positive on microscopy testing as compared to
AFB-negative cases (p-value=0.007), culture-positive
for M. tuberculosis as compared to culture-negative
cases (p-value=0.018), and positive by either the direct
demonstration of AFB in microscopy and/or culture as
compared to those who were negative by both testing
methods (p-value=0.007).

Table 1 Median serum levels of biomarkers among pediatric tuberculosis cases and healthy controls with the analysis

of receiver-operating-characteristic curve of biomarkers for their diagnostic efficacy in pediatric tuberculosis.

Median serum levels (IQR)

ROC curve analysis

Biomarker Pediatric Healthy p-value AUC Best Sensitivity ~ Specificity

under study TB cases controls (95% CI) cut-off (%) (%)
(IGR) (1QR)

IL-12 (pg/ml) 488.10 784.80 0.055 0.624 NA NA NA
(218.33-893.62)  (476.05-1027) (0.510-0.739)

IFN-Y (pg/ml) 10.17 0.00 0.000 0.832 4.28 68.3% 86.7%
(2.30-73.86) (0.00-2.34) (0.748-0.916)

IQR=interquartile range, pg/ml=picogram/milliliter, ROC=receiver operating characteristic, Cl=confidence interval, NA=not applicable,

AUC=Area Under the Curve
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Table 2 Median serum levels of IL-12 and IFN-Y associated with clinical presentation

Median levels of IL-12

Median levels of IFN-Y

Clinical presentation p-value p-value
in pg/ml (IQR) in pg/ml (IQR)

Gender
Female (n=27) 418.50 (130.70-631.20) 0.018 9.78 (3.25-77.37) 0.911
Male (n=33) 729.70 (237.30-1232.60) 10.57 (1.22-80.15)

Type of TB
Extra pulmonary (n=25) 418.50 (162.45-680.45) 0.015 7.46 (0.00-15.87) 0.002
Pulmonary (n=35) 615.50 (323.50-282.40) 26.29 (3.74-162.40)

Disseminated/miliary TB
Present (n=22) 438.65 (191.23-815.90) 0.266 8.42 (2.64-70.47) 0.764
Non-disseminated (n=38) 584.10 (231.90-1000.55) 12.42 (1.52-79.48)

Fever
Present (n=52) 520.15 (218.33-893.62) 0.965 11.37 (2.30-83.69) 0.452
Absent (n=8) 418.75 (214.58-1101.82) 7.26 (1.22-21.86)

Evening fever
Present (n=13) 402.60 (171.05-630.20) 0.175 6.85 (1.92-73.83) 0.529
Absent (n=47) 575.60 (228.50-1023.20) 12.67 (3.25-77.37)

Chills
Present (n=8) 495.05 (155.15-1610.77) 1.000 48.25 (0.70-224.4) 0.527
Absent (n=52) 488.10 (218.33-893.62) 9.63 (2.42-61.36)

Cough
Present(n=34) 593.85 (385.42-1407.85) 0.011 20.87 (4.39-136.56) 0.006
Absent (n=26) 237.30 (129.90-861.35) 5.09 (0.00-19.84)

Dyspnea
Present (n=15) 868.70 (428.20-1925.80) 0.015 22.07 (0.96-161.40) 0.238
Absent (n=45) 419.00 (209.35-828.60) 9.43 (2.47-59.48)

H/0 recurrent pneumonia
Present (n=4) 5083.35 (289.50-1588.25) 0.658 4.50 (0.93-200.32) 0.658
Absent (n=56) 488.10 (213.12-893.62) 11.37 (2.30-73.85)

Loss of appetite
Present (n=49) 575.60 (223.45-914.50) 0.335 9.78 (2.47-88.86) 0.559
Absent (n=11) 349.20 (159.80-895.10) 19.08 (0.00-56.27)

Weight loss
Present (n=46) 538.55 (225.98-960.65) 0.631 10.97 (2.03-93.19) 0.462
Absent (n=14) 446.60 (195.42-875.30) 10.00 (3.65-28.60)

Abdominal pain
Present (n=7) 631.20 (228.50-868.70) 0.702 9.48 (2.14-243.72) 0.928
Absent (n=53) 431.10 (214.85-917.45) 12.17 (2.48-70.34)

Lymphadenopathy
Present (n=10) 756.80 (483.53-1333.15) 0.150 15.75 (2.03-211.71) 0.585
Absent (n=50) 427.75 (216.58-875.30) 10.17 (2.81-62.85)

Vomiting
Present (n=18) 223.45 (114.55-960.58) 0.087 10.17 (2.10-21.11) 0.293
Absent (n=42) 593.85 (303.20-901.85) 10.82 (2.03-103.60)

Headache
Present (n=8) 30.80 (14.85-114.55) 0.000 1.72 (0.00-6.75) 0.006
Absent (n=52) 593.85 (329.92-1002.35) 19.11 (3.37-90.39)

Seizures
Present (n=15) 218.40 (127.50-868.70) 0.082 9.78 (3.44-26.29) 0.462

Absent (n=45)

575.60 (280.85-981.50)

10.57 (1.92-94.45)

IQR=interquartile range, pg/ml=picogram/milliliter, TB=tuberculosis
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Table 3 Comparison of median serum levels of IL-12 and IFN-7Y with important radiological features in pediatric tuberculosis

cases (n=60)

Median levels of serum Median serum levels of

Radiological feature p-value p-value
IL-12 in pg/ml (IQR) IFN-Y in pg/ml (IQR)

Lung consolidation
Absent (n=35) 419.00 (165.10-868.70) 0.101 9.78 (0.00-35.93) 0.164
Present (n=25) 615.00 (360.50-1103.00) 19.38 (2.79-145.84)

Miliary mottling
Absent (n=54) 488.10 (218.38-890.68) 0.914 9.45 (2.03-58.69) 0.153
Present (n=6) 472.15 (136.32-2124.15) 77.62 (9.13-193.70)

Pleural effusion
Absent (n=51) 474.70 (207.30-895.10) 0.301 10.57 (2.14-91.92) 0.604
Present (n=9) 501.50 (335.25-1392.20) 9.37 (2.35-38.51)

Normal chest X-ray
Absent (n=48) 584.10 (262.60-1002.35) 0.013 15.62 (3.51-95.72) 0.041
Present (n=12) 191.75 (88.65-578.15) 6.14 (0.00-19.09)

Lymphadenopathy on radiology imaging
Absent (n=48) 452.90 (222.90-928.62) 0.789 11.62 (2.91-73.85) 0.739
Present (n=12) 558.50 (181.48-817.95) 8.41 (1.82-98.08)

Hydrocephalus and enlarged ventricles
Absent (n=52) 584.10 (239.22-1002.35) 0.014 10.02 (2.30-90.39) 0.383
Present (n=8) 191.70 (39.37-458.70) 11.22 (0.86-19.30)

IQR=interquartile range, pg/ml=picogram/milliliter
Table 4 Comparison of levels of IL-12 and IFN-7y with various diagnostic techniques (n=60)
Diagnostic technique Median serum levels of p-value Median serum levels of p-value
IL-12 in pg/ml (IQR) IFN-7Y in pg/ml (IQR)

Direct demonstration of AFB
Positive (n=12) 740.90 (398.78-658.75) 0.096 81.58 (19.66-191.63) 0.007
Negative (n=48) 452.90 (180.45-866.25) 8.41 (1.54-33.52)

Isolation of M. tuberculosis
Positive (n=17) 644.90 (400.05-533.30) 0.019 77.37 (5.86-182.22) 0.018
Negative (n=43) 418.50 (165.10-798.30) 7.46 (0.96-22.07)

Direct demonstration and/or isolation
Positive (n=19) 644.90 (402.60-1784.20) 0.015 77.37 (6.85-163.41) 0.007
Negative (n=41) 427.30 (168.30-833.50) 7.46 (0.71-24.18)

CBNAAT
Positive (n=30) 593.85 (234.42-1336.70) 0.206 20.30 (4.32-132.92) 0.071
Negative (n=30) 429.65 (196.75-815.90) 6.36 (0.83-30.62)

IQR=interquartile range, pg/mi=picogram/milliliter, AFB=acid fast bacilli, CBNAAT=cartridge-based nucleic acid amplification test
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There was a significant positive correlation
between serum levels of IFN-y and IL-12 (rho=0.648,
p-value=0.000). The IFN-Y/IL-12 levels were significantly
higher in pediatric TB cases [median (IQR)=0.03 (0.004-
0.107)] compared to healthy children [median (IQR)=0.00
(0.000-0.003)] (p-value=0.000). The AUC for IFN-y/IL-12
was found to statistically significantly discriminate between
pediatric TB cases and healthy controls (p-value=0.000);
the best cut-off value was 0.003, with a sensitivity of 76.7%
and a specificity of 83.3% [AUC (95% confidence interval
(Cl1))=0.839 (0.755-0.923)].

The IFN-vY/IL-12 ratio/was significantly higher
in children with pulmonary TB (p-value=0.005). The
median values of IFN-Y/ IL-12 ratio were significantly
higher in pediatric TB cases who were smear-positive
(p-value=0.037) and TB-positive by at least one of the

three microbiological techniques (p-value=0.013).

Discussion

There is a paucity of work done on biomarkers in
pediatric TB, especially with reference to IL-12 and IFN-y
levels. Therefore, it was not possible to compare all our
findings with those from previous studies.

More than 60% of the children under study were
found to be underweight or malnourished. On one hand, TB
can lead to significant weight loss through the production of
inflammatory cytokines, while on the other hand, significant
malnutrition may affect the inflammatory response and
aggravate the outcome of TB". Since most of our cases
belonged to households with a lower socioeconomic status,
who are more prone to malnourishment, and since data
about parameters like weight and height before the onset
of symptoms in our study setting was largely dependent on
the recall of the pediatric patients or their guardians,without
much documentation, it was difficult to assess theacute
onset of weight loss, and whether the disease had caused

it, or it was present before the onset ofthe disease.
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The median serum levels of IL-12p40 were not
significantly different among our pediatric TB patients and
the healthy children enrolled in our study, which was similar
to what was reported in another Indian study'®. Though
the IL-12p40 levels in pediatric TB cases were lower than
those detected among healthy controls, the [L-12p40
levels in both our cases and controls were much higher
than what has been reported among healthy children in a
previous study (67.42+20.58 ng/)*°. A Tanzanian study on
TB lymphadenitis that compared cytokine levels between
adult and pediatric patients reported lower levels of IL-12p40
among children as compared to adults with active TB and
adult healthy controls; however, the unavailability of sera
from age-matched healthy children was a limitation of that
study2°.On the other hand, Deveci et al. found that the
median IL-12p40 levels were significantly higher in active
TB cases compared to the inactive TB patients and healthy
controls®. Despite our extensive search for relevant data,
we could not document any study with Indian participants
reporting the mean or median IL-12 levels in TB cases of a
pediatric age. However, with the limited data available to us
for comparison, we inferred that the higher levels of IL-12 in
both confirmed TB cases and healthy controls in our study
was probably indicative of a higher baseline level of IL-12
in the Indian population due to an increased exposure to
various tropical diseases like protozoan, viral, bacterial and
mycobacterial infections®'. Most of these infections remain
at the subclinical stage in endemic areas, which may result
in higher levels of some cytokines in apparently healthy
controls. Another reason may be genetic polymorphisms.
Certain genotypes may have been more prevalent in the
population we studied, which would have resulted in higher
IL-12 levels among both TB patients and controls in our
investigation.

An increase in the levels of IL-12p40 has been
reported to be significantly different between different

genotypes in Indian active TB patients®. In a study
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conducted in Delhi, among 5 variants of the IL-12 gene,
only 2 genotypes (AA, GG) showed a correlation with the
serum IL-12 levels®™. Another study conducted in North
India on the polymorphism of the IL12B promoter region
in TB cases and controls found that significantly more
individuals were homozygous for the deletion of the allele
of the IL12B promoter among the TB group, and that this
genotype was associated with the highest levels of IL-12
production by dendritic cells following CD40 ligation. It also
confirmed that the genotype for the highest known IL-12
producer is found in ~30% of Indian TB subjects and in
only ~9% of controls®. Further genotypic studies in this
regard are required to elucidate whether these factors are
responsible for the variation in IL-12 levels. Males had a
significantly higher median level of IL-12p40 than females
in our study, while Mustafa et al. reported higher IL-12p40
levels in adult females with active TB compared to their
male counterparts®.

The median levels of IL-12p40 were found to be
significantly higher among pulmonary pediatric TB cases
in this study than among extra pulmonary TB participants,
yet another study from India by Kumar et al. reported no
significant differences between pediatric pulmonary and
extrapulmonary TB cases’. The findings of our study
suggest that serum IL-12 can be used to differentiate
between pulmonary and extrapulmonary TB.

Disseminated or miliary TB signifies a severe form
of the disease. The median serum levels of IL-12 were
not found to vary significantly between disseminated and
non-disseminated pediatric TB cases. Though we could not
find any study comparing cytokine levels in disseminated
and non-disseminated TB, an earlier Indian study reported
that IL-12 was not significantly associated with the severity
of pulmonary TB.

The median levels of IL-12p40 were significantly
higher in children having cough or dyspnea at presentation

as compared to those who did not present with cough.
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Since cough and dyspnea are predominant symptoms
of pulmonary TB, this finding further strengthens the
significance of higher IL-12 levels in pulmonary TB cases
as compared to patients with extrapulmonary TB.

However, the median levels of IL-12p40 were lower
in cases with central nervous system (CNS) symptoms
like headache, vomiting, and seizures compared to the
children who did not present with symptoms related to
CNS; nevertheless, the difference was statistically significant
only among cases having headache. This finding is further
supported by the fact that the levels of this biomarker
were also lower in cases having hydrocephalus and
enlarged ventricles according to brain imaging results,
pointing towards a compartmentalized immune response
in tuberculous meningitis. The median levels of IL-12p40
were significantly higher in culture-positive as compared to
culture-negative pediatric TB cases. A similar finding was
reported in a previous study among culture-positive adult TB
patients. No significant difference, however, was observed
among culture-positive andculture-negative pediatric TB
cases in that study. Since, being culture-positive means
having a higher bacillary load, it is difficult to explain this
finding considering the protective immune response of IL-
12 to TB®. However, higher IL-12 levels in culture-positive
cases appearto be due to an early immune response to the
high bacillary load, which in turn, induces IFN-y production
that stimulates Th1 responses, which are important in the
control of TB disease”?’.

IFN-7y plays a pivotal role in the cellular immune
response against TB and overcomes the inhibition of
phagolysosome maturation. IFN-7Y levels were found to be
low or below the detection limit in healthy children in our
study—the same was reported by Sack et al. Thus, IFN-y
appears to be a genuine mediator and a potential marker
of immunity and inflammation in children®.

Similar to our findings, previous studies have also

reported higher serum levels in patients with active TB as
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compared to healthy controls®***

. IFN-y seems to play
an important role in the Th1-mediated cellular immunity
and the stimulation of macrophages to produce TNF-a
and 1,25-dihydroxyvitamin D, both of which help inhibit
mycobacteria’.

Serum IFN-y was significantly higher among our
pulmonary as compared to extrapulmonary TB cases. Yet, a
previous study conducted on a pediatric population reported
no significant difference in serum IFN-Y levels between
pulmonary TB, extrapulmonary TB, and healthy controls'®.
However, the median serum levels of IFN-Y were not
found to vary significantly between disseminated and
non-disseminated pediatric TB cases. In another Indian
study, IFN-y was found to be associated with the severity
of pulmonary TB and have significantly higher levels in
bilateral disease™.

The serum levels of IFN-Y were also found to be
significantly higher in cases having cough, which is the
predominant symptom in pulmonary TB at presentation;
this lends further support to the significance ofthe finding
of higher levels of serum IFN-7Y in pulmonary TB.

Serum levels of IFN-y were also significantly higher
in cases where the presence of AFB could be demonstrated
by ZN staining and/or a positive culture result. A similar
finding was reported by Hussain et al., who observed
higher levels of IFN-y among TB patients confirmed by
ZN staining and histopathological findings as compared to
clinically diagnosed cases™. Though there are conflicting
reports about the correlation of IFN-7y with bacillary load in
TB, various studies have reported a progressive decrease
in the levels of IFN-7y with treatment; hence, IFN-y might
prove useful in monitoring the efficacy of antitubercular
therapy™.

The median values of the IFN-y/IL-12 ratio
were found to be significantly higher among pulmonary
as compared to extrapulmonary TB cases. Despite our

extensive research of literature, we failed to find any study
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mentioning this ratio with respect to pediatric TB. The
IFN-Y/IL-12 ratio might be more reliable as a biomarker
as it involves two important cytokines that play an important
role in the pathogenesis of TB. The IFN-Yy/IL-12 ratio
could probably be utilized to study the course of the
disease; however, no study could be found to support this
deduction. MSMD is a rare disorder associated with impaired
immunity against mycobacterial pathogens, for which genetic
etiologies, including mutations in the previously mentioned
genes, have been described®. Such mutations may be
predominantly present in the Indian subcontinent making
India an endemic country for TB. Further investigations in
such cases at the molecular level may help answer some
questions regarding the underlying mechanisms at play and
identify genetic defects affecting the IL-12/1FN-Y pathway
in these pediatric TB cases. There is a continued need to
reconsider the genetic theory of infectious diseases like
tuberculosis to ensure the timely development of novel
preventive and therapeutic treatments.

The levels of I1L12p40 and IFN-y were found to
be significantly lower in pediatric TB cases with a normal
chest radiograph, hence proving the role of inflammation
as a marker in TB patients. It was observed in this study
that the median level of IL-12p40 was significantly lower
among those with concomitant hydrocephalus and enlarged
ventricles. In a previous study, biomarker analysis was
done on both the cerebrospinal fluid and serum of patients
with tuberculous meningitis. The levels of all biomarkers
tested, including IL-12p40 and IFN-7Y, were not elevated
in serum, suggesting that biomarker levels in serum do not
reflect injury tothe CNS, and that the immune response is
compartmentalized to the site of disease®.

Unlike our study, which found no significant difference
in the serum levels of biomarkers in patients with and
without pleural effusion, another study by Sharma et al.
on patients with pleural TB reported that their pleural fluid

analysis revealed 25-fold higher IFN-Y levels in serum
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as compared to their blood; this finding serves as further
support for the compartmentalized nature of the immune

response in TB¥.

Conclusion

The serum levels of IFN-y and the IFN-y/IL-12
ratio were significantly higher among pediatric TB patients
as compared to the healthy controls. IL-12 and IFN-Y
levels and the IFN-Y/IL-12 ratio were found to significantly
differentiate between the pulmonary and extrapulmonary
types of TB. Since higher values for IL-12 and IFN-Y levels
and IFN-y/IL-12 ratio were found to correlate with positive
TB results by conventional microbiological techniques,
further studies employing larger sample sizes could help
evaluate their role as potential markers of disease severity
and prognosis. The biomarkers associated with pediatric
TB combined with the patient’s clinico-radiological and
microbiological profile could play a role in the development

of new algorithms for the diagnosis of pediatric TB.

Funding sources
No funding sources were receiving in relation to this

study.

Conflict of interest
No conflict of interest related to this research to

declare.

References

1. Raizada N, Sachdeva KS, Swaminathan S, Kulsange S,
Khaparde SD, Nair SA, et al. Piloting upfront Xpert MTB/RIF
testing on various specimens under programmatic conditions
for diagnosis of TB & DR-TB in paediatric population. PLoS
One 2015;10:e0140375. doi: 10.1371/journal.pone.0140375.

2. Kashyap B, Gupta N, Dewan P, Hyanki P, Singh NP. High
sensitivity ¢ reactive protein: an adjunct diagnosis in ruling out
pediatric tuberculosis. Indian J Clin Biochem 2020;35:211-7.
https://doi.org/10.1007./512291-018-0806-2.

Journal of Health Science and Medical Research

1"

10.

1.

12.

13.

Gupta N, et al.

Singh S, Singh A, Prajapati S, Kabra SK, Lodha R, Mukherjee
A, et al. Xpert MTB/RIF assay can be used on archived gastric
aspirate and induced sputum samples for sensitive diagnosis of
paediatric tuberculosis. BMC Microbiol 2015;15:191.

Raizada N, Khaparde SD, Salhotra VS, Rao R, Kalra A,
Swaminathan S, et al. Accelerating access to quality TB care
for pediatric TB cases through better diagnostic strategy in four
major cities of India. PLoS ONE 2018;13:e0193194. https://doi.
org/10.1371/journal.pone.0193194.

Zar HJ, Workman LJ, Prins M, Bateman LJ, Mbhele SP,
Whitman CB, et al. Tuberculosis diagnosis in children using
xpert ultra on different respiratory specimens. Am J Respir Crit
Care Med 2019;200:1531-8.

Deveci F, Akbulut HH, Turgut T, Muz MH. Changes in
serum cytokine levels in active tuberculosis with treatment.
Mediators Inflamm 2005;2005:256-62.

Ramirez-Alejo N, Santos-Argumedo L. Innate defects of the
IL-12/1FN-Y axis in susceptibility to infections by mycobacteria
and salmonella. J Interferon Cytokine Res 2014;34:307-17.
Kumar P. IFNY-producing CD4+ T lymphocytes: the double-
edged swords in tuberculosis. Clin Transl Med 2017;6:1-7.
Bustamante J, Boisson-Dupuis S, Abel L, Casanova JL.
Mendelian susceptibility to mycobacterial disease: Genetic,
immunological, and clinical features of inborn errors of IFN-Y
immunity. Semin Immunol 2014;26:454-70.

Boisson-Dupuis S, Baghdadi JE, Parvaneh N, Bousfiha A,
Bustamante J, Feinberg J, et al. IL-12rB1 deficiency in two of
fifty children with severe tuberculosis from Iran, Morocco and
Turkey. PLoS One 2011;6:e18524.

Sarrafzadeh SA, Mahloojirad M, Nourizadeh M, Casanova JL,
Pourpak Z, Bustamante J, et al. Mendelian susceptibility to
mycobacterial disease due to IL-12RB1 deficiency in Three
Iranian children. Iran J Public Health 2016;45:249-54.

Central TB Division, Government of India. Revised national
tuberculosis control programme: technical and operational
guidelines for TB Control in India. New Delhi: Central TB
Division, Directorate General of Health Services, Ministry of
Health and Family Welfare; 2016;p.1-269.

Singh V, Mahto D. Antitubercular drugs and RNTCP guidelines
for childhood tuberculosis. In: Gupta P, Menon PSN, Ramji S,
Lodha R, editors. PG Textbook of pediatrics: Infections and
systemic disorders. 2™ ed. New Delhi: Jaypee Brothers Medical
Publishers; 2018;p.1348.

J Health Sci Med Res 2023;41(4):e2023940



IL-12 and IFN-7Y in Pediatric TB

14.

15.

16.

17.

18.

19.

20.

21.

22.

Forbes BA, Sahm DF, Weissfeld AS. Mycobacteria and other
bacteria with unusual growth requirements. In: Forbes BA,
Sahn DF, Weissfeld AS, editors. Bailey & Scott’s Diagnostic
Microbiology. 13" ed. Missouri: Mosby Elsevier; 2014;p.484-512.
Central TB Division, Government of India. Revised national
tb control programme training manual for Mycobacterium
tuberculosis culture and drug susceptibility testing [homepage
on the Internet]. New Delhi: Central TB Division, Directorate
General of Health Services, Ministry of Health and Family
Welfare; 2009 [cited 2017 Jan 28]. Available from: http://www.
tbcindia.nic.in/showfile.php?lid=2991

World Health organization. The WHO child growth standards
[homepage on the Internet]. Geneva: WHO; 2006 [2022 Nov
16]. Available from: https://www.who.int/tools/child-growth-
standards/standards

Crevel RV, Karyadi E, Netea MG, Verhoef H, Nelwan RHH,
West CE, et al. Decreased plasma leptin concentrations
in tuberculosis patients are associated with wasting and
inflammation. J Clin Endocrinol Metab 2002;87:758-63. https://
doi.org/10.1210/jcem.87.2.8228

Kumar NP, Anuradha R, Andrade BB, Suresh N, Ganesh R,
Shankar J, et al. Circulating biomarkers of pulmonary and
extrapulmonary tuberculosis in children. Clin Vaccine Immunol
2013;20:704-11.

Liu WD, Lu JR. Serum levels of IL-12, TGF betal and IgE
in children with asthma. Zhongguo Dang Dai Er Ke Za Zhi
2008;10:146-8.

Mustafa T, Brokstad KA, Mfinanga SG,Wiker HG. Multiplex
Analysis of Pro- or Anti-inflammatory serum cytokines and
chemokines in relation to gender and age among tanzanian
tuberculous lymphadenitis patients. Tuberc Res Treat 2015;
2015:561490

Romani L, Puccetti P, Bistoni F. Interleukin-12 in infectious
diseases. Clin Microbiol Rev 1997;10:611-36. doi: 10.1128/
CMR.10.4.611.

Selvaraj P, Alagarasu K, Harishankar M, Vidyarani M, Rajeswari
ND, Narayanan PR. Cytokine gene polymorphisms and cytokine
levels in pulmonary tuberculosis. Cytokine 2008;43:26-33.

Journal of Health Science and Medical Research

283.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

12

Gupta N, et al.

Abhimanyu, Mangangcha IR, Jha P, Arora K, Mukerji
M, Banavaliker JN, et al. Differential serum cytokine levels
are associated with cytokine gene polymorphisms in north
Indians with active pulmonary tuberculosis. Infect Genet
Evol 2011;11:1015-22.

Morahan G, Kaur G, Singh M, Rapthap CC, Kumar N, Katoch
K, et al. Association of variants in the IL12B gene with leprosy
and tuberculosis. Tissue Antigens 2007;69(Suppl! 1):234-6.
Kumar NP, Moideen K, Banurekha VV, Nair D, Babu S. Plasma
proinflammatory cytokines are markers of disease severity and
bacterial burden in pulmonary tuberculosis. Open Forum Infect
Dis 2019;6:0fz257. https://doi.org/10.1093/0fid/0fz257.
Mendez-Samperio P. Role of interleukin-12 family cytokines
in the cellular response to mycobacterial disease. Int J Infect
Dis 2010;14:e366-71.

Hamza T, Barnett JB, Li B. Interleukin 12 a key immunoregulatory
cytokine in infection applications. Int J Mol Sci 2010;11:789-806.
Sack U, Burkhardt U, Borte M, Schadlich H, Berg K, Emmrich
F. Age-dependent levels of select immunological mediators in
sera of healthy children. Clin Diagn Lab Immunol 1998;5:28-32.
Shaviya N, Budambula V, Webale MK, Were T. Circulating
Interferon-Gamma levels are associated with low body weight
in newly diagnosed Kenyan non-substance using tuberculosis
individuals. Interdiscip Perspect Infect Dis 2016;2016:9415364.
Hussain S, Afzal N, Javaid K, Ullah MI, Ahmad T, Saleem-Uz-
Zaman. Level of interferon gamma in the blood of tuberculosis
patients. Iran J immunol 2010;7:240-6.

Nie W, Wang J,Wei Jing, Shi W, Wang Q, Huang X, et al.
Value of serum cytokine biomarkers TNF-a, IL-4, sIL-2R and
IFN- for use in monitoring bacterial load and anti-tuberculosis
treatment progress. Cytokine X 2020;2;100028.

Rohlwink UK, Mauff K, Wilkinson KA, Enslin N, Wegoye
E, Wilkinson RJ, et al. Biomarkers of cerebral injury and
inflammation in pediatric tuberculous meningitis. Clin Infect Dis
2017;65:1298-307.

Sharma SK, Mitra DK, Balamurugan A, Pandey RM, Mehra
NK. Cytokine polarization in miliary and pleural tuberculosis. J
Clin Immunol 2002;22:345-52.

J Health Sci Med Res 2023;41(4):e2023940



