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Abstract
Background: Although the World Health Organization has recommended the diagnosis and prophylactic
treatment of latent tuberculous infection (LTBI) in child household contacts of tuberculosis (TB) cases, the national
programs in high-burden TB regions rarely implement adequate screening of this high-risk group, mainly because
of resource limitations. We aimed to evaluate the prevalence of LTBI among pediatric household contacts of TB
cases in two high-burden provinces in Iran.
Methods: We conducted a cohort study in children who had been in household contact with a TB index. All
subjects were assessed for active TB disease. For LTBI diagnosis, tuberculin skin test (TST) and QuantiFERON®-TB
Gold Plus (QFT-Plus) were performed at the time of the index TB case diagnosis, as well as, 3, 12, and 18 months, if
the first results were negative. In addition, interferon-γ-induced protein-10(IP-10) concentrations were measured for
all participants.
Results: A total of 230 children were enrolled, who had contact with an index TB case. Three contacts were
diagnosed with active TB. According to the TST/QFT-Plus results, 104 (45.2%) children were identified with LTBI
during our study. Significantly increased IP-10 levels were found in LTBI patients compared to healthy contacts.
Accordingly, more than 50% of LTBI contacts and about 10% of healthy contacts were considered as IP-10-positive.
Conclusion: This study alarmingly illustrates a high prevalence of LTBI among Iranian children exposed to TB cases.
We, therefore, emphasize that the children living in close contact with an infectious TB case should be screened
effectively and receive prophylactic therapy.
Keywords: Children, Interferon-γ release assays, Interferon-γ-induced protein-10, latent tuberculosis, Tuberculin skin
test
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Background
Tuberculosis (TB), disease caused by Mycobacterium tuberculosis (Mtb), is one of the most important causes of
childhood morbidity and mortality worldwide [1]. Globally, 1.1 million children under 15 years of age became
ill with TB disease in 2018, and there were 205,000
deaths due to TB, according to the World Health
Organization (WHO) reports [2]. Based on the global
estimation, the incidence of TB is reducing by approximately 1.5% annually, however, this reduction
will be insufficient for the elimination target set for
2050 proposed by the WHO [3]. This challenge could
be due to the under-reporting and under-diagnosis of
TB cases in many countries which has been estimated
to be around one-third of the cases [4, 5]. Accordingly, to implement successful disease control strategies, the WHO has recommended the need for not
only accurate diagnosis and treatment of active TB
subjects but also the early diagnosis and treatment of
latent tuberculous infection (LTBI) in the groups at
high risk of developing a severe infection, particularly
in the pediatric population [6, 7].
Children with LTBI do not show any symptoms of the
active disease but could develop disease in the near or
remote future, a process called TB reactivation [8].
Therefore, tracing and screening of pediatric household
contacts of TB cases has a huge potential to detect and
provide early treatment for children with TB and LTBI;
however, although it is generally recommended by the
WHO, it is infrequently practiced in resource-limited
countries [9]. Young children with LTBI are at higher
risk of developing active TB than adults, thus, it is of
public health importance to identify LTBI in this population [10]. Moreover, in young children between 2 and 4
years of age, TB is often disseminated due to early,
hematogenous spread of the mycobacteria after primary
pulmonary infection and they have the highest risk of
progression to central nervous system TB [11]. Most
cases of progression to active TB disease among the
pediatric population occur within 12 months of initial
infection [12].
The tuberculin skin test (TST) and interferon-γ release
assays (IGRA) are used for the screening of LTBI and
are based on stimulating the cell-mediated immune system to detect whether it recognizes the antigens of Mtb
[13, 14]. However, both TST and IGRA have reduced
sensitivity in immunocompromised patients and cannot
discriminate between active TB and LTBI [15]. Moreover, inadequate and insufficient investigations have
been carried out in pediatric subjects, and these studies
suggest that the performance of these assays varies from
those obtained in adults, mainly in countries with a high
incidence of TB [16]. Consequently, the diagnosis of
LTBI should be qualified by the simultaneous use of
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various tools and measurement of other biomarkers to
improve the sensitivity of the diagnosis. Based on these
assumptions, the QuantiFERON®-TB Gold Plus (QFTPlus), a new version of IGRAs, and the IFN-γ inducible
protein 10 (IP-10) assay have been recently evaluated in
the field of TB diagnosis [17, 18]. The QFT-Plus exploit
both CD4+ and CD8+ T cells immune response to Mtb,
having an important clinical value in conditions of immune depression due to CD4 T-cell impairments as in
HIV-infection. In addition, a number of studies suggest
that the CD8+ response is present at the onset of the infection and RD1-specific CD8 T-cells are more frequently
detected during active TB compared to LTBI and, within
LTBI, in recent infection compared with remote infection
[19, 20]. IP-10 has been found to be increased in the
plasma of TB patients and its advantage is that it is
expressed in high levels following Mtb antigen-specific
stimulation in both active TB and LTBI, suggesting its
potential as a biomarker for TB in children [21, 22].
Although screening and management of pediatric
household contacts of TB patients has great potential to
reduce TB-related morbidity and mortality in children,
the prevalence of LTBI cases among Iranian children has
not been evaluated and reported so far. Therefore,
the aim of the present study was to estimate the prevalence of LTBI among children exposed to TB cases and
determine the accuracy of the IP-10assays for detection
of children with LTBI.

Methods
Study design and population

This cohort study included a sample of children who
had been in household contact with a TB index case
within the previous 6 months. Case recruitment was
performed in the regional reference centers for TB in
Golestan and Sistan-Baluchestan provinces from July
2017 to August 2019.The list of adults with a history
of cough > 2 weeks who had a diagnosis of sputum
smear and/or culture-positive TB was provided. The
adults with confirmed TB were questioned about any
household contact with children under 18 years of
age. Those responding positively were asked to bring
the children to the selected health centers for evaluation and were invited to participate in our study.
The study was undertaken at an out-patient level.

Ethics statement

This study was approved by the Ethical Committee of
Shahid Beheshti University of Medical Sciences, (approval number: IR.NIMAD.REC.1395.039). The patients
or legal guardians of the participants provided signed informed consent forms for inclusion in the study.
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Radiological and microbiological evaluation

All child household contacts were clinically evaluated at
the following times: at the time of the index TB case
diagnosis, as well as, 3, 12, and 18 months, if the first results were negative. Chest X-ray was conducted in any
contact with symptoms or signs of active TB and the
clinical diagnosis of active pulmonary TB was made
using a combination of clinical and chest X-ray features.
All chest X-rays were examined by two pediatric pulmonologists, blinded to clinical details, and a scale of severity
was determined as described by Petruccioli et al. They
were classified as: 0: normal chest X-rays; 1: mild grade; 2:
intermediate grade; 3: high grade [23]. Sputum/gastric lavage followed by smear examination and culture on Lowenstein Jensen media were performed for those with
clinical/radiological features of pulmonary TB.
TST and QFT-plus assays

QFT-Plus and TST were performed at the four times, as
described above. The QFT-Plus assay was carried out according to the manufacturer’s instructions (QIAGEN,
Germantown, MD, USA). Briefly, blood samples (4 ml)
were collected and drawn directly into four QFT-Plus
tubes (1 ml into each tube), TB1 tube containing the
Mtblong peptide antigens derived from ESAT-6 and
CFP-10 stimulating a cell-mediated immune response
from CD4 T-cells; TB2tube with shorter peptides inducing CD8 T-cells in addition to the same antigens of
TB1,Mitogen tube with non-specific mitogen phytohemagglutinin (PHA) to be used as the positive control and
Nil (blank) tube to be used as the negative control. The
three tubes were incubated at 37° for 16–24 h. Supernatant plasma was harvested from the tubes after centrifugation and was stored at − 80 °C. IFN-γ was measured
using a QFT-Plus Analysis Software (www.
quantiFERON.com) in a Bio-Rad (Hemel Hempstead,
UK) plate reader (model 550) at 450 nm. The results
were interpreted as negative, indeterminate, or positive
using the manufacturer’s software. QFT tests were
regarded as positive if the antigen-stimulated response
of IFN- γ (TBAg-Nil) was 0.35 IU/ml or more, or negative if the mitogen stimulated response (Mitogen-Nil)
was 0.5 IU/ml and the antigen-stimulated response was
less than 0.35 IU/ml, or indeterminate if both mitogenstimulated and antigen-stimulated responses were, 0.35
IU/ml and un-stimulated response (Nil) 0.8 IU/ml.
After QFT-Plus blood sampling, the two-step TST was
performed by trained personnel following standard
procedures. Accordingly, all participants were administered the TST via intradermal injection of 5 U of
purified protein derivative (PPD) and indurations were
measured using the palpation method 48–72 h later.
TST results interpreted as positive (≥10 mm) and
negative (< 10 mm).
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LTBI was defined as the presence of a positive QFTPlus result and/or positive TST result together with the
absence of clinical signs/radiological evidence of active
TB disease. In addition, in our study, the contacts without clinical and radiological evidence that were negative
for both QFT-Plus and TST were considered as healthy
contacts.
IP-10 assay

IP-10 concentrations were measured in QFT-Plus supernatants using a Human IP10 ELISA Construction Kit
(Antigenix America Inc., New York, NY) and classified
as positive or negative according to a receiver operating
curve as previously described by Yassin et al. [24].
Statistical analysis

Data analysis was performed using SPSS v.22 (IBM
Corp, New York, USA) and Prism 7 software (Graphpad
Software 6.0, San Diego, USA). The ability of IP-10 to
discriminate between children with and without TB infections was evaluated using Receiver Operating Characteristic (ROC) curves. ROC curves were constructed
with LTBI contacts and healthy contacts. The significant
area under curve (AUC) for LTBI and healthy contacts
was compared to determine whether IP10 could distinguish between the two conditions. The Kruskall-Wallis
and Mann-Whitney U tests were used for comparisons
and a Bonferroni correction was applied. Statistical tests
were considered significant if P values < 0.05.

Results
Study population

A total of 230 TB-exposed children were enrolled. Of
these, 76 (33%) had been exposed in the last 6 months
(e.g. retrospective cases) and 154 (67%) children were recruited prospectively as new index cases were diagnosed.
All the children enrolled had received the BCG vaccine
in the first 2 months of life. Of the 230 children recruited, 52.1% were male and 47.9% were female. Moreover, the median age of the participants was 8.5 (range
1–17) years, and 4.8% were less than 24 months of age.
Demographic characteristics and symptoms identified at
the time of screening are shown in Table 1. Through
clinical and microbiological evaluation, one household
contact was diagnosed with active TB at baseline, one
child 12 months after the diagnosis of the index case,
and another 18 months after the diagnosis of the index
case. Accordingly, 227 children (98.7%) remained
asymptomatic.
TST and QFT-plus results

Our findings revealed that a total of 36% (80/230) of
child TB contacts were TST positive at both baseline
and follow-up. Exhaustively, 12.6% (29/230) of the

Ghanaie et al. BMC Pediatrics

(2021) 21:76

Page 4 of 8

Table 1 Demographic and clinical characteristics of the Iranian
pediatric household contacts of TB cases
Demographic and clinical characteristics

N (%)

Adult tuberculosis source cases (N = 64)
Sputum smear(+)/culture (+)

57 (89.1)

Sputum smear(−)/culture(+)

7 (10.9)

Household contacts < 18 years of age (N = 230)
Male

120 (52.2)

Female

110 (47.8)

Age categories
Age < 2 years

11 (4.8)

Age 2–5 years

38 (16.5)

Age 5–10 years

76 (33.1)

Age ≥ 10 years

105 (45.6)

Tuberculosis prophylaxis at the evaluation

11 (4.8)

Isoniazid preventive chemotherapy

7 (3)

Rifampin preventive chemotherapy

1 (0.4)

Ethambutol preventive chemotherapy

1 (0.4)

Pyrazinamide preventive chemotherapy

1 (0.4)

Other TB preventive chemotherapy

1 (0.4)

Symptoms at entry to the study
Cough

5 (2.2)

Sputum

5 (2.2)

Weight loss

2 (0.9)

Fever

1 (0.4)

Chest pain

3 (1.3)

evaluated contacts showed positive TST at baseline.
Among contacts with negative baseline TST results,8%
(16/201), 13.5% (29/185), and 8.3% (13/156) had become
positive after 3, 12, and 18 months, respectively.
QFT-Plus results indicated that 20.9% (48/230) of
child contacts showed positive IFN-γ responses at the
baseline. Moreover, among the contacts with baseline
QFT-Plus-negative results and valid follow-up QFT-Plus
data, 13.7% (25/182), 6.4% (10/157), and 2.7 (4/147),
showed an increase over the baseline IFN-γ value after
3, 12, and 18 months, respectively.
According to the TST/QFT-Plus results and the absence of clinical signs/radiological evidence of active
TB, 45.2% (104/230) of children were identified as
LTBI at the end of this study. Our findings revealed
that 28.3% (65/230) of the household pediatric contacts were considered as LTBI at the baseline, while,
the rate of LTBI conversion was 17% (39/230). Exhaustively, 2.3% (12/165), 14.4% (22/153), and 2.3%
(5/131) of contacts were identified as LTBI after 3,
12, and 18 months, respectively. Table 2 shows the
TST and QFT-Plus results among pediatric household
contacts of TB cases.

IP-10 results

Significantly increased IP-10 levels were found in LTBI
patients (Mean ± standard error of the mean [SEM]:
2134 ± 362.5 for TB1 and 2379 ± 408.5 for TB2) compared to healthy contacts (TST−/QFT-) (Mean ± SEM:
208.6 ± 90.58 for TB1 and 158.4 ± 72.56 for TB2) in response to both TB1 and TB2 stimulation (Fig. 1). To define IP-10 results as positive or negative, a cut-off value
for IP-10 was calculated using the ROC curve. For TB1
a cut-off of 67.2 pg/mL identifies LTBI with 60.2% sensitivity (50.5–69.1%) and 90% specificity (83.12–94.38%);
similarly, for TB2, an IP-10 level > 142.3 pg/mL predicted
LTBI with 53.4% sensitivity (43.8–62.7%) and 93.7% specificity (87.5–96.9%). Accordingly, 59.6% (62/104) of
LTBI contacts and 11.3% (14/123) of healthy contacts
were considered as IP-10-TB1-positive, respectively. In
addition, the proportion of LTBI and healthy children
with positive IP-10-TB2 was, respectively, 53.8% (56/104)
and 8.9% (11/123).

Discussion
Recognizing children with active TB or LTBI and either
treating disease or targeting prophylaxis to high-risk
groups are strategies recommended by the WHO in
high TB burden regions. However, the identification
of LTBI cases is more challenging in low–middle-income countries [25, 26].
To the best of our knowledge, this study is the most
comprehensive investigation on the prevalence of LTBI
among household child TB contacts in Iran. Our findings revealed that the prevalence and incidence of LTBI
among Iranian children exposed to an index TB case
with sputum smear and/or culture-positive adults
were28.3 and 17%, respectively. These children are at
high risk of developing active TB which is very worrying.
Our findings are similar to other investigations in which
only under half of child household contacts have evidence of LTBI [27, 28]. The high prevalence of LTBI
found in our study supports that children are very susceptible to exposure to an active TB case and are at a
high risk of LTBI [28]. Moreover, we detected three patients with active TB, in which two cases did not have
clinical evidence of active disease at the beginning of the
screening, thus were considered as incident cases. However, we cannot claim conclusively that the source of the
infection in this population was the index case.
A meta-analysis including 95 studies from low- and
middle-income settings estimated the prevalence of
LTBI among household contacts to be 51.5% (95% CI
47.1–55.8%, I (2)=98.9%), with the highest incidence
among children between 5 and 14 years of age [28]. In
another study in Laos, Nguyen et al. reported that the
prevalence of LTBI among child household contacts was
31.1% and increased with age from 26.0% in children
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Table 2 TST and QFT-Plus results in Iranian pediatric household contacts of TB cases
TST+/QFT-

TST−/QFT+

TST+/QFT+

At initiation of screening (n = 230)

18 (7.8%)

37 (16%)

11 (4.8%)

TST−/QFT164 (71.3%)

3 months after the diagnosis of index (n = 164)

4 (2.4%)

14 (8.5%)

5 (3.1%)

141 (86%)

12 months after the diagnosis of index (n = 141)

16 (11.3%)

9 (6.4%)

1 (0.7%)

115 (81.5%)

18 months after the diagnosis of index (n = 115)

11 (9.6%)

3 (2.6)

1 (0.9%)

90 (85.8%)

Footnotes: QFT-plus QuantiFERON®-TB Gold Plus, TB tuberculosis, TST tuberculin skin test

below 5 years to 35.7% in children between 6 and 15
years [29]. So far, there is only limited data available on
prevalence of LTBI among household contacts of TB
cases in Iran. Previously, Shamaei et al. reported that
27.5% of close-family contacts of hospitalized TB patients in Iran were diagnosed with LTBI [30]. Therefore,
our data reinforce the crucial importance of systematic
screening and close follow-up of child household contacts, as well as a precise targeting of preventive treatment in this population.
TST is used as the only screening method to identify
LTBI children in several high burden TB countries with
limited resources, but the low sensitivity of TST, its poor
specificity due to cross-reactions with environmental
non-tuberculous mycobacteria and the BCG vaccine, as
well as its unreliability in children with immunosuppression and malnutrition could limit the applicability of this
approach [31, 32]. On the other hand, although IGRAs
have emerged as promising alternatives to the TST, the
limitations of these tests are gradually becoming apparent with their widespread use [33, 34]. For instance, previous surveys in both high and low TB burden regions
confirmed that IGRA conversions and reversions could
occur and there is some confusion about how to interpret such results [35–37]. Accordingly, several national

guidelines (e.g. UK, Canada, Germany, the Netherlands,
Italy, Switzerland, Norway, Spain, Ireland, and Korea)
recommend a two-step approach of TST first, followed
by an IGRA [33]. In the current study, we used both
TST and IGRA assay to investigate LTBI cases among
close contacts to an index TB case. In addition, we
rechecked TST or IGRA in the subjects after 3, 12, and
18 months when the primary result was negative. Our
findings indicated that there was adisagreement between
TST and QFT-plus results. For contacts in whom TST
and QFT-plus results were discordant, it is impossible to
know which test was correct because there is no reference standard. In our study, BCG vaccination status
might affect TST positivity in adjusted multivariable
analysis. The quality of BCG vaccination among contacts
and the percentage of subjects with booster vaccinations
could contribute to the different degrees of concordance
between TST and QFT-plus results. Moreover, although
TST was performed by trained personnel following
standard procedures, the disagreement between TST
and QFT-plus results could be due to the variability in
reading TST in the pediatric population. Some authors
previously reported that the disagreement rate between
TST and IGRA tests was about 10%, regardless of BCG
vaccination [38, 39].

Fig. 1 Significantly increased IP-10 levels in LTBI patients compared to healthy contacts. A) IP-10 levels in response toTB1 and B) TB2 stimulation.
ELISA was carried out with QFT-Plus supernatants and IP-10 was expressed as pg/mL. The horizontal lines represent the median; statistical analysis
was performed using the Mann-Whitney test with Bonferroni correction and **** represents P-value < 0.0001. Footnotes: IP-10: IFN-γ inducible
protein10; LTBI: latent tuberculosis infection
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In the present study, we also evaluated the accuracy of
IP-10 assay in the plasma of QFT-Plus for the diagnosis of
LTBI among Iranian household pediatric contacts of TB
cases. The results of some investigations suggest that IP10 assay could be an alternative to IGRA, may be useful
for diagnosing LTBI cases as it would be easier to use [18,
40]. Our findings indicated that IP-10 levels are significantly increased in contacts with LTBI compared to
healthy contacts in response to both TB1 and TB2 antigens (P value < 0.0001). Considering the IP-10 results, no
significant differences were observed between the TB1
and TB2. Therefore, the IP-10-based assay showed a high
discriminating power and could help to distinguish between child contacts with LTBI from healthy contacts. In
addition, a high concordance between the IP-10 assay and
TST and QFT-plus tests was found.
IP-10 assay was previously thought to have significant
advantages over IGRAs, including the possibility to use
smaller blood volumes and to be detected in urine samples. It is also possible to measure IP-10 in dried plasma
spots in filter papers allowing cheap and simple mail
transportation at room temperature [18, 21, 41, 42].
Therefore, IP-10 assay would be useful as an uncomplicated and inexpensive alternative test for LTBI diagnosis
in child household contacts of TB cases, especially in
low-resource settings. Although in our studyIP-10 assay
showed an acceptable specificity (90% for TB1 and
93.7% for TB2), it had a low sensitivity (60.2% for TB1
and 53.4% for TB2) for LTBI diagnosis. Importantly, it
should be noted that the combination of the IGRAs and
IP-10 assay has been reported to increase sensitivity
[18]. Moreover, early studies suggest that the IP-10based assay could not help to discriminate between
active TB and LTBI among children [43].
The advantage of this study is that we used various approach for identification of LTBI among child household
contacts, including TST, QFT, and IP-10 assay. Hence,
our methodology allowed calculation of the prevalence
of LTBI among child household contacts which, so far,
has not been performed since LTBI cannot easily be
demonstrated using a single method. However, some
limitations could be noted in our study. For instance, investigator bias was further limited by the fact that TST
could be interpreted differently by independent experts.
Moreover, in this survey, some participants enrolled into
the study retrospectively and others prospectively, which
decreases the power of the study. Finally, in this investigation TST was performed by more than one investigator. Therefore, it might be cause pre-observer bias,
which is difficult to objectively evaluate TST results.

Conclusion
The results of this study alarmingly illustrate a high
prevalence of LTBI among Iranian children exposed to
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an index TB case. Our experience, therefore, emphasizes
that young children living in close contact with a source
of TB should receive TB preventive therapy. In addition,
establishing a national screening programme and incorporating various methods for LTBI identification among
child household contacts should be taken into account
in the design of TB control strategies in Iran. Importantly, the identification and prophylactic treatment of
LTBI cases is crucial to the control and prevention of
pediatric TB and requires more and greater efforts to
this end. Moreover, the results of our study, if validated
in further large-scale cohort studies, suggested that
IP-10 assay could be an alternative biomarker for detection of Mtb infection and might provide some advantages over QFT and TST as the point-of-care test
implementation.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12887-021-02524-3.
Additional file 1.
Abbreviations
BCG: Calmette-Gue’rin bacillus vaccine; CI: Confidence interval;
IGRAs: Interferon- γ release assays; IP-10: Interferon-γ-induced protein-10;
IQR: Interquartile range; HIV: Human immunodeficiency virus; LTBI: Latent
tuberculous infection; Mtb: Mycobacterium tuberculosis;
PHA: Phytohemagglutinin; PPD: Purified protein derivatives; QFT: QFT-Plus,
QuantiFERON®-; TB: Gold Plus; TB: Tuberculosis; TST: Tuberculin Skin Test;
WHO: World Health Organization
Acknowledgements
We are grateful to the entire staff in the Pediatric Infectious Research Center,
Shahid Beheshti University of Medical Sciences, Tehran, Iran, Iranian
Infectious Disease Management Center, Zabol University of medical sciences
and Golestan University of medical sciences, Iran.
Authors’ contributions
RMG, AK, SMHA, and LA conceptualized and designed the study, conducted
focus groups, designed the data collection tool, collected all the data, carried
out analyses, drafted the manuscript, revised the final manuscript and agrees
to be accountable for all aspect of the work. MN and APM helped design
the data collection tool (questionnaire), critically revised the manuscript for
intellectual content, approved the final version and agrees to be accountable
for the work. SJ and FF helped conceptualize study, interpret the data,
critically reviewed the manuscript for important intellectual content,
reviewed the final version and agree to be accountable for all aspects of the
work. SRT conceptualized and designed the study, conducted focus groups,
designed the data collection tool, revised the manuscript and approved the
final manuscripts. MS agrees to be accountable for all aspects of the work.
All authors approved the final manuscript as submitted and agree to be
accountable for all aspects of the work.
Funding
This study is supported by financial grants from the National Institutes for
Medical Research Development (NIMAD) (grant number 942732). The funder
had no role in the conception, design or planning of the study and will not
have a role during conduct of the study; data collection, management,
analysis, interpretation of the data or decision to publish.
Availability of data and materials
The datasets supporting the conclusions of this article are included within
the article.

Ghanaie et al. BMC Pediatrics

(2021) 21:76

Ethics approval and consent to participate
All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. This study was approved by
the Ethical Committee of Shahid Beheshti University of Medical Sciences,
(approval number: IR.NIMAD.REC.1395.039). The patients or legal guardians of
the participants provided signed informed consent forms for inclusion in the
study and publication of their clinical data.
Consent for publication
The authors hereby declare that the article is original and that its contents
have not been published in full or in part. We also would like to declare that
the manuscript has been read and approved by all authors.
Competing interests
The authors declare that there is no conflict of interest.
Author details
1
Pediatric Infections Research Center (PIRC), Research Institute for Children’s
Health (RICH), Shahid Beheshti University of Medical Sciences, Tehran, Iran.
2
Centre for International Child Health, Department of Paediatrics, Imperial
College London, London, UK. 3Center for Communicable Diseases Control,
Ministry of Health and Medical Education, Tehran, Iran. 4Department of
Epidemiology and Biostatistics, School of Public Health, Iran University of
Medical Sciences, Tehran, Iran. 5Deputy of Health, Zabol University of Medical
Science, Zabol, Iran. 6TB Coordinator of Deputy Health, Golestan University of
Medical Sciences, Gorgan, Golestan, Iran.
Received: 25 June 2020 Accepted: 26 January 2021

References
1. Zaman K. Tuberculosis: a global health problem. J Health Popul Nutr. 2010;
28(2):111–3.
2. (WHO) TWHO. Global tuberculosis report 2019. Available from: https://apps.
who.int/iris/bitstream/handle/10665/329368/9789241565714-eng.pdf.
3. Perez-Porcuna TM, Pereira-da-Silva HD, Ascaso C, Malheiro A, Buhrer S,
Martinez-Espinosa F, et al. Prevalence and diagnosis of latent tuberculosis
infection in young children in the absence of a gold standard. PLoS One.
2016;11(10):e0164181.
4. Organization WH. Global tuberculosis report 2013. Geneva: WHO. 23 Oct;
2013; 2019.
5. Lönnroth K, Migliori GB, Abubakar I, D'Ambrosio L, de Vries G, Diel R, et al.
Towards tuberculosis elimination: an action framework for low-incidence
countries. Eur Respir J. 2015;45(4):928–52.
6. Marais BJ, Gie RP, Schaaf HS, Hesseling AC, Obihara CC, Starke JJ, et al. The
natural history of childhood intra-thoracic tuberculosis: a critical review of
literature from the pre-chemotherapy era. Int J Tuberc Lung Dis. 2004;8(4):
392–402.
7. Singh M, Saini AG, Anil N, Aggarwal A. Latent tuberculosis in children:
diagnosis and management. Indian J Pediatrics. 2011;78(4):464–8.
8. Comstock GW, Livesay VT, Woolpert SF. The prognosis of a positive
tuberculin reaction in childhood and adolescence. Am J Epidemiol. 1974;
99(2):131–8.
9. Cruz AT, Starke JR, Lobato MN. Old and new approaches to diagnosing and
treating latent tuberculosis in children in low-incidence countries. Curr Opin
Pediatr. 2014;26(1):106–13.
10. Targeted tuberculin testing and treatment of latent tuberculosis infection.
American Thoracic Society. MMWR Recommendations and reports:
Morbidity and mortality weekly report Recommendations and reports. Am J
Respir Crit Care Med. 2000;161:S221–S247.
11. Cruz AT, Starke JR. Pediatric tuberculosis. Pediatr Rev. 2010;31(1):13–25 quiz −6.
12. Cruz AT, Starke JR. Clinical manifestations of tuberculosis in children.
Paediatr Respir Rev. 2007;8(2):107–17.
13. Goletti D, Sanduzzi A, Delogu G. Performance of the tuberculin skin test and
interferon-γ release assays: an update on the accuracy, Cutoff Stratification,
and New Potential Immune-based Approaches. J Rheumatol Suppl. 2014;91:
24–31.
14. Starke JR. Interferon-γ Release Assays for Diagnosis of Tuberculosis Infection
and Disease in Children. Pediatrics. 2014;134(6):e1763–e73.

Page 7 of 8

15. Qiu X, Tang Y, Zou R, Zeng Y, Yue Y, Li W, et al. Diagnostic accuracy of
interferon-gamma-induced protein 10 for differentiating active tuberculosis
from latent tuberculosis: a meta-analysis. Sci Rep. 2019;9(1):11408.
16. Sollai S, Galli L, de Martino M, Chiappini E. Systematic review and metaanalysis on the utility of interferon-gamma release assays for the diagnosis
of mycobacterium tuberculosis finfection in children: a 2013 update. BMC
Infect Dis. 2014;14(1):S6.
17. Goletti D, Lee M-R, Wang J-Y, Walter N, Ottenhoff THM. Update on
tuberculosis biomarkers: From correlates of risk, to correlates of active
disease and of cure from disease. Respirology. 2018;23(5):455–66.
18. Petrone L, Vanini V, Chiacchio T, Petruccioli E, Cuzzi G, Schinina V, et al.
Evaluation of IP-10 in Quantiferon-Plus as biomarker for the diagnosis of
latent tuberculosis infection. Tuberculosis (Edinburgh, Scotland). 2018;111:
147–53.
19. Rozot V, Vigano S, Mazza-Stalder J, Idrizi E, Day CL, Perreau M, et al.
Mycobacterium tuberculosis-specific CD8+ T cells are functionally and
phenotypically different between latent infection and active disease. Eur J
Immunol. 2013;43(6):1568–77.
20. Petruccioli E, Chiacchio T, Pepponi I, Vanini V, Urso R, Cuzzi G, et al. First
characterization of the CD4 and CD8 T-cell responses to QuantiFERON-TB
plus. J Inf Secur. 2016;73(6):588–97.
21. Petrone L, Cannas A, Vanini V, Cuzzi G, Aloi F, Nsubuga M, et al. Blood and
urine inducible protein 10 as potential markers of disease activity. Int J
Tuberc Lung Dis. 2016;20(11):1554–61.
22. Yassin MA, Petrucci R, Garie KT, Harper G, Teshome A, Arbide I, et al. Use of
tuberculin skin test, IFN-gamma release assays and IFN-gamma-induced
protein-10 to identify children with TB infection. Eur Respir J. 2013;41(3):
644–8.
23. Petruccioli E, Vanini V, Chiacchio T, Cuzzi G, Cirillo DM, Palmieri F, et al.
Analytical evaluation of QuantiFERON- plus and QuantiFERON- gold in-tube
assays in subjects with or without tuberculosis. Tuberculosis. 2017;106:38–43.
24. Yassin MA, Petrucci R, Garie KT, Harper G, Arbide I, Aschalew M, et al. Can
interferon-gamma or interferon-gamma-induced-protein-10 differentiate
tuberculosis infection and disease in children of high endemic areas? PLoS
One. 2011;6(9):e23733.
25. Organization WH. WHO. Guidance for National Tuberculosis Programmes on
the Management of Tuberculosis in Children. Geneva: World Health
Organization; 2014. Accessed 26 July 2017
26. van Wyk SS, Reid AJ, Mandalakas AM, Enarson DA, Beyers N, Morrison J,
et al. Operational challenges in managing isoniazid preventive therapy in
child contacts: a high-burden setting perspective. BMC Public Health. 2011;
11(1):544.
27. Morrison J, Pai M, Hopewell PC. Tuberculosis and latent tuberculosis
infection in close contacts of people with pulmonary tuberculosis in lowincome and middle-income countries: a systematic review and metaanalysis. Lancet Infect Dis. 2008;8(6):359–68.
28. Fox GJ, Barry SE, Britton WJ, Marks GB. Contact investigation for tuberculosis:
a systematic review and meta-analysis. Eur Respir J. 2013;41(1):140–56.
29. Nguyen TH, Odermatt P, Slesak G, Barennes H. Risk of latent tuberculosis
infection in children living in households with tuberculosis patients: a cross
sectional survey in remote northern Lao People's Democratic Republic. BMC
Infect Dis. 2009;9:96.
30. Shamaei M, Esmaeili S, Marjani M, Tabarsi P. Implementing Tuberculosis
Close-contact Investigation in a Tertiary Hospital in Iran. Int J Prev Med.
2018;9:48.
31. Lee E, Holzman RS. Evolution and current use of the tuberculin test. Clin
Infect Dis. 2002;34(3):365–70.
32. Seyhan EC, Gunluoglu G, Gunluoglu MZ, Tural S, Sökücü S. Predictive value
of the tuberculin skin test and QuantiFERON-tuberculosis gold in-tube test
for development of active tuberculosis in hemodialysis patients. Ann Thorac
Med. 2016;11(2):114–20.
33. Denkinger CM, Dheda K, Pai M. Guidelines on interferon-gamma release
assays for tuberculosis infection: concordance, discordance or confusion?
Clin Microbiol Infect Dis. 2011;17(6):806–14.
34. Mandalakas AM, Detjen AK, Hesseling AC. Can we accurately diagnose
tuberculosis infection in children? Pediatr Infect Dis J. 2011;30(9):817–8.
35. Hill PC, Brookes RH, Fox A, Jackson-Sillah D, Jeffries DJ, Lugos MD, et al.
Longitudinal assessment of an ELISPOT test for mycobacterium tuberculosis
infection. PLoS Med. 2007;4(6):e192.
36. Zwerling A, Pai M, Michael JS, Christopher DJ. Serial testing using interferonγ release assays in nursing students in India. Eur Respir J. 2014;44(1):257–60.

Ghanaie et al. BMC Pediatrics

(2021) 21:76

37. Lee SS, Liu YC, Huang TS, Chen YS, Tsai HC, Wann SR, et al. Comparison of
the interferon- gamma release assay and the tuberculin skin test for contact
investigation of tuberculosis in BCG-vaccinated health care workers. Scand J
Infect Dis. 2008;40(5):373–80.
38. Ewer K, Deeks J, Alvarez L, Bryant G, Waller S, Andersen P, et al. Comparison
of T-cell-based assay with tuberculin skin test for diagnosis of
Mycobacterium tuberculosis infection in a school tuberculosis outbreak.
Lancet (London, England). 2003;361(9364):1168–73.
39. Brock I, Weldingh K, Lillebaek T, Follmann F, Andersen P. Comparison of
tuberculin skin test and new specific blood test in tuberculosis contacts. Am
J Respir Crit Care Med. 2004;170(1):65–9.
40. Biraro IA, Kimuda S, Egesa M, Cose S, Webb EL, Joloba M, et al. The Use of
Interferon Gamma Inducible Protein 10 as a Potential Biomarker in the
Diagnosis of Latent Tuberculosis Infection in Uganda. PLoS One. 2016;11(1):
e0146098-e.
41. Petrone L, Chiacchio T, Vanini V, Petruccioli E, Cuzzi G, Di Giacomo C, et al.
High urine IP-10 levels associate with chronic HCV infection. J Infect. 2014;
68(6):591–600.
42. Aabye MG, Eugen-Olsen J, Werlinrud AM, Holm LL, Tuuminen T, Ravn P,
et al. A simple method to quantitate IP-10 in dried blood and plasma spots.
PLoS One. 2012;7(6):e39228-e.
43. Whittaker E, Gordon A, Kampmann B. Is IP-10 a better biomarker for active
and latent tuberculosis in children than IFNgamma? PLoS One. 2008;3(12):
e3901-e.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

