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Abstract

Introduction: Mycobacterium tuberculosis, the prime etiological factor of Tuberculosis (TB), latently
infects almost 33% of the global population. It is further buoyed by the emerging multidrug resistance
and human immunodeficiency virus type I (HIV-1) pandemic, necessitating the development of novel
control measures and stratagems for its specific diagnosis and prognosis. Although tuberculin skin test
(TST) is the first choice for detecting latent Mycobacterium tuberculosis infection (LTBI), it cannot be
regarded as the gold standard as it randomly gives false implication of the test and there is eccentric
variation in its interpretation.
Objective: The current study was designed to assess the degree of sensitivity and specificity of IFN-c as
QuantiFERON-TB Gold In-Tube (QFT-Gold IT) assay in the diagnosis of TB as compared to the TST.
Subjects and methods: The students from medical and paramedical students at Umm Al-Qura
University were selected in the study and all selected students entered into the study before the
commencement of their internship program. Pre-internship: A total of 47 blood samples were collected
from medical and paramedical students at Umm Al-Qura University. Post-internship: On follow up after
the internship program we managed to get back only 36 subjects of the 47, due to the unavailability of
the subjects due to unanticipated reasons.
Results: Out of the 47 samples tested by ELISA test using QFT-Gold IT and TST, none of pre-internship
subjects were positive in either of the test, however, of the 36 post-internship students only 1 (2.8%)
tested positive in both tests.
Conclusion: In this study, the two tests, QFT-Gold IT and TST were found to be 100% correlated and it
was found that QFT-Gold IT with remarkable sensitivity and specificity which is equivalent to that of
the TST. Moreover, QFT-Gold IT is impervious to BCG vaccination and other similar variables but not
TST. Since, the current study was only a pilot study and the sample size were very small, hence, further
studies need to be done to determine the true sensitivity and specificity of the QFT-Gold IT.
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Introduction
Mycobacterium tuberculosis, the prime etiological factor of
TB, latently infects almost 33% of the global population. It is
further buoyed by the emerging multidrug resistance and
human immunodeficiency virus type I (HIV-1) pandemic,
necessitating the development of novel control measures and
stratagems for its specific diagnosis and prognosis [1].
Although tuberculin skin test (TST) is the first choice for
detecting Mycobacterium tuberculosis infection (LTBI), it

cannot be regarded as the gold standard as it randomly gives
false implication of the test and there is eccentric variation in
its interpretation. [2]. In spite of advances in the diagnosis,
prognosis, treatment, control and prevention of Tuberculosis
(TB), it is a re-emerging problem with rapid and complex
evolution posing a threat to global public health. According to
Global Tuberculosis Report of World Health Organization
(2018), The TB is one of the top 10 rank causes of global
deaths due to a single mycobacterial infection. There are
millions of people continuously infected with Mycobacterium
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tuberculosis and get suffered with a fatal disease of TB every
year which is more than HIV/AIDS. Surprisingly, it is
estimated that approximately 23% of the world’s population
(1.7 billion people) are reported to have a latent TB infection,
and hence, these peoples are at high risk of developing active
TB disease anytime during their lifetime [3]. Saudi Arabia,
third-largest Arab country with a total estimated population of
29,195,895. Epidemiological Analysis of pulmonary TB in
Saudi Arabia in 2017 reported that the total number of new
cases of pulmonary tuberculosis in 2017G (1438H) was found
to be 2095 with an overall incidence rate of 6.44 cases/100,000
population. These figures imply that it’s a country with
moderate TB burden [4,5]. Mycobacterium tuberculosis
infection, mainly airborne [3,4], is a leading root cause of
mortality due single species infection and hence an ever-
expanding world health emergency [5]. A positive “sputum
smear” indicates higher risk of TB transmission and the rate of
transmission is directly dependent on the bacillary density
during respiratory secretion [5] and consequently those in close
and persistent vicinity of the victims are at higher risk of
getting infected [3-5]. Similarly, immunocompromised patients
(absolute or relative) and the healthcare workers are more
prone to Mycobacterium tuberculosis infection from the index
case [3-5]. Once an individual is infected, the risk of
progression from TB infection to TB disease depends on
various factors such as age and immune system being the
prime aspects [2]. In every immunodeficient older child, adult
and untreated HIV-infected patients this risk is 5-10% whereas
in infants (<2 y), its alarmingly between 40-50% [2,4]. The
Mycobacterium tuberculosis infection spreads aggressively
covering up to 50% of its growth in the first two years [4]. The
individuals in whom the TB infection did not progress to TB
disease enter a state of latency, latent tuberculosis infection
“LTBI” [3-10] which can reactivate at later stage particularly if
the individuals become immunocompromised, LTBI
individuals have no clinical or radiological findings consistent
with TB.

Health care workers especially medical and paramedical
students are at higher risk of developing LTBI as they meet TB
patients more frequently and therefore a contact screening must
be carried out for early diagnosis of TB transmission [3-6,8].
Contact screening has distinguished significance as it helps in
early detection of infected individuals in the community and
characterizes the recent ongoing trends of transmission of
infection within a set of population. Such transmissions can be
controlled remarkably by treating the healthcare worker,
medical and paramedical students infected with LTBI.
Isoniazid (INH) therapy diminishes the infection of TB by 94%
and should be administered daily for 9 months to all patients
with LTBI [4].

National and international tourism, immigration and relocation
of human population expedite the transmission of TB [11-13].
As per the data on global burden of TB, it is estimated that
more than 1.7 billion people (approximately 25% of the global
population) are estimated to be infected with Mycobacterium
tuberculosis. The global incidence of TB was reported to be
highest in 2003 and now gradually decreasing. This is reported

that around 10 million individuals became ill with TB and 1.6
million died, according to the WHO report in 2017 [14].
Annually 3 million people visit Makkah to perform Hajj [15],
most pilgrims are adults, often elderly and often from countries
in south East Asia and Africa with high prevalence of
Tuberculosis infection which reach to 40% of population
[3,-7,16]. This 6 weeks long pilgrimage has a lot of
overcrowding which may enhance the spread of airborne
infections [17]. More than half of the pilgrims have been
reported to be suffering from cough [18-20] and it has been
observed that the pulmonary TB is solely responsible for
pneumonia in hospitalized pilgrims during the Hajj [21]. There
is high risk of transmission of Mycobacterium tuberculosis
infection during this pilgrimage, as reported in one of the
study, the immune response to TB antigen was measured in
pilgrims using Quanti-Feron TB assay prior to departure for
Hajj and after 3 months of their return, 149 pilgrims were
negative prior to the Hajj and 15 (10%) of these had a severe
immune response to the TB antigen [22]. Additionally, Saudi
Arabia has several development projects which attract
multitude of international employees specifically from the
underdeveloped or developing nations including Asian and
African countries which have high prevalence of Tuberculosis.
Envisaging the environmental and social circumstances in
Makkah the probability of acquiring TB for the medical and
paramedical students in Umm Al-Qura University is quite
high. Therefore, preventive measures need to be taken
including screening, early detection and preventive
chemotherapy. Systemic review of rapid diagnostic tests for
latent tuberculosis recommend studies to evaluate interferon
assay and its comparison with tuberculin skin test in
diagnosing such cases of latent tuberculosis.

Detection of LTBI by QuantiFERON-TB Gold
Test
TST was the only practical and commercially accessible
immunologic test for Mycobacterium tuberculosis infection
available in the US by the end of 20th century [23]. Later, it
was revealed that interferon gamma (IFN-γ) has a significant
regulatory role in cell-mediated immune response against
Mycobacterium tuberculosis infection and this led the
foundation for the development of interferon gamma release
assays (IGRAs) for the early detection of this infection [24].

For the diagnosis of Mycobacterium tuberculosis infection,
Food and Drug Administration (FDA) approved QFT-TB test
as the first IGRA to ease the detection in 2001. QFT-Gold IT
was based on the enzyme-linked immunosorbent assay
(ELISA) to compute the quantity of IFN-γ released in against
to a purified protein derivative (PPD) [25]. Again in 2005,
FDA approved QFT-TB Gold test as the second IGRA to
estimate the immunological responsiveness of patients tested to
Mycobacterium tuberculosis-specific antigens (ESAT-6 and
CFP-10). The guidelines for QFT-TB Gold test also implied
that it can be employed in all the conditions in which a TST
has been recommended, including but not limited to the
assessment of recent immigrants, contact investigations, health
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care workers and serial-testing surveillance programs
organized for controlling such infections [26]. Nevertheless,
IGRAs has limitation of accuracy in the measurement of IFN-γ
viz. only a fresh sample of blood containing viable white blood
cells can give accurate measurements. QFT-Gold IT, a novel
blood test was designed to meet this limitation and was
approved by FDA as the third IGRA in 2007. QFT-Gold IT
employs blood collecting tubes of 1 ml volume which is
specifically layered with Mycobacterium tuberculosis
responsive antigens (ESAT-6, CFP-10 and TB 7.7 (p4), a
negative and a positive control tube. All these antigens are
encoded within two regions of the genome of Mycobacterium
tuberculosis and are absent in all Bacillus Calmette-Guerin
(BCG) strains apart from most of the non-tuberculous
mycobacterial (NTM) species but M. kansasii, M. marinum
and M. szulgai. This is what renders the assay to be highly
accurate in identifying the infection of TB. Later in July 2008,
FDA approved T-spot as the fourth IGRA. T-spot is based on
an enzyme-linked immunospot assay (ELISpot) for calculating
the increase in the population of cells secreting IFN-γ post-
stimulation by antigen [27]. Both QFT-Gold IT and T-spot
assays were approved by FDA as indirect tests for TB infection
in conjunction with the evaluation of risk, radiography, and
other medical and diagnostic assessments [28]. QFT-Gold IT
and T-spot have several advantages over TST such as
collection of blood sample in a single visit, quick retrieval of
test results (<24 h) and they are unaffected by preceding BCG
vaccination [29]. Nonetheless, QFT is unable to distinguish
between freshly attained or old infection, or between LTBI and
acute disease [30]. Although, the sensitivity of IGRA in
pediatric victims is supposed to be equivalent to TST but there
are reports claiming IGRAs to have lower sensitivity than
TSTs in pediatric patients [25]. In a study involving 28
pediatric patients with culture-confirmed active TB (aged 4
months-7 years), assessment of sensitivity for TST, QFT-Gold
IT, and T-spot were 100%, 93%, and 93% respectively [31].
Similarly, in other study comprising 25 child patients with
culture-confirmed active TB, percentage of sensitivity were
83% for TST, 80% for QFT-Gold IT, and 58% for T-spot [32].
More intensive studies are needed to assess the efficacy of
IGRAs in pediatric patients [33]. Our study was designed to
investigate and evaluate the use of QFT in determining the
prevalence of LTBI amongst medical and paramedical students
at Umm Al-Qura University in (Makkah City) Saudi Arabia.

Methods

Sample collection
Written informed consent of participants was obtained prior to
enrolment. In addition, information regarding gender, age,
faculty program and year of study was recorded on a data form.

Pre-internship
“A total of 47 blood samples were collected from medical and
paramedical students at Umm Al-Qura University. Students

were selected and entered into the study before the
commencement of their internship program”.

Post-internship
On follow up after the internship program we managed to get
back only 36 subjects of the 47, due to the unavailability of the
subjects due to unanticipated reasons.

Subjects of the study
The registered number of students in internship year was
obtained from the academic offices of three different
department’s viz. Medicine, Applied Medical Sciences
(Laboratory Medicine program) and Nursing, and then a 10%
of total number of male students and 10% of female students
were calculated from each to select a statistically representative
number of students. Selection and calculation of number of
subjects from the department of Medicine, Applied Medical
Sciences and Nursing for this study is illustrated in Figures 1
and 2. Thus, total number of students selected was 47 out of
which 34 were from Department of Medicine, 8 were from
Department of Applied Medical Sciences and 5 were from
Department of Nursing.

Figure 1. Showing the distribution of male and female internees in
different departments.

Figure 2. Showing (A) distribution of 10% of male interns, (B)
distribution of 10% of female interns, and (C) total number of
subjects in different departments.

Procedure for QFT-Gold IT test
From each of the subject selected, 1 ml of blood was collected
directly into each of 3 colored tubes i.e. negative control
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(gray), test tube (red) and positive control (purple) tubes.
Succeeding the incubation of these tubes at 37°C for 16-24 h
incubation period, centrifugation was carried out, the plasma is
taken off and the quantitative estimation of IFN-c is measured
by ELISA in terms of IU/ml. The non-visible reaction between
the plasma samples and the conjugate shows a colored visible
reaction after adding the enzyme substrate that indicates IFN-c
existence in the patient’s plasma sample (Figure 3). The
software implements a quality control assessment of the
obtained results, generates a standard curve and provides the
final test result for each subject as negative or positive.

Figure 3. Showing the colored visible reaction between IFN-c and the
enzyme substrate.

Results
A total of 47 samples were tested by ELISA test using QFT-
Gold IT, as well as the TST. None of the pre-internship
subjects tested positive in either test. Of the 36 post-internship
students only 1 tested positive in both tests.

Samples tested from pre-internship students
Total number of samples tested was 47, out which none were
reported to be positive in either of the tests viz. TST or QFT-
Gold IT test, thus the percent positive was 0/47=0% (Table 1)
for each of them.

Samples tested from student’s post-internship
Out of a total number of samples tested (n=36), only one
positive result was obtained for TST as well as the QFT-Gold
IT test, and hence the percentage of positive sample was
1/36=2.8% for both (Table 1).

Table 1. Results of ELISA QuantiFERON-TB Gold In-Tube (QFT-Gold
IT) and tuberculin skin test (TST).

 Pre-internship Post- internship

Total samples 47 36

TST positive 0 (0%) 1 (2.8%)

QFT-Gold IT test positive 0 (0%) 1 (2.8%)

Discussion
The QFT-Gold IT assay is an ELISA that measures the
production of IFN-c by T-cells after sensitization with
Mycobacterium tuberculosis antigens using whole blood

[34,35]. The aim of this study was to compare the sensitivity
and specificity of QFT-Gold IT assay (Cellestis Limited,
Carnegie, Victoria, Australia) with that of the TST. It also
aimed to establish QFT-Gold IT assay as one of the novel
diagnostic methods so that new control measures and strategies
for specific diagnosis and prevention of TB transmission can
be undertaken. This was a pilot study carried out on pre-intern
and intern students from three different departments, namely,
Nursing, Medicine and applied medical sciences at Umm Al-
Qura University. The subjects were selected after seeking their
consent and sitting together with the statistician to work out the
sample size.

As evident from our results a cent percent correlation between
the QFT-Gold IT assay and TST was observed. Although, it is
only a pilot study with a very small sample size, but our results
are in keeping with other study carried out in India on 726
healthcare workers; QFT-Gold IT positive in 40% and TST
was positive in 41%. QFT-Gold IT assay result showed high
congruence with that of TST and there was no effect of BCG
on either of the tests [36]. In contrast, a study of 309 German
contacts; 51% of whom were BCG vaccinated and 27% were
foreign born. The 2/3rd of BCG vaccinated population and 18%
of non-vaccinated were found to be TST positive, however
only 9% and 11% were QFT-Gold IT test positive respectively.
As observed QFT-Gold IT was linked with risk of TB whereas
TST was only linked to BCG vaccination [37].

Similarly, in our results QFT-Gold IT revelations are less prone
to reader bias and error as compared to TST. QFT-Gold IT test
and TST interpretations were reasonably parallel, but their
level of resemblance was negatively affected by preceding
BCG vaccination, a prior positive TST and previous immune
reactivity to non-tuberculous mycobacteria [38]. However, one
out of the five sites included in this study reported poor
concord [39].

A recent review article incorporated freshly reported data from
20 different studies into an updated meta-analysis on the
IGRAs and its sensitivity and specificity, covering studies that
assessed TSPOT, QuantiFERON-TB Gold and QuantiFERON-
TB Gold In-Tube [40]. The pooled sensitivity was lowest in the
QuantiFERON-TB Gold In-Tube (70% (CI, 63-78%) and
highest in for T-SPOT (90% (CI, 86-93%)) while it was 78%
(95% CI, 73-82%) for QuantiFERON-TB Gold [41]. Both
QuantiFERON tests exhibited a pooled specificity of 99%
among non-BCG-vaccinated subjects and 96% among BCG-
vaccinated subjects however, the combined specificity of
TSPOT was 93%. TST results were dissimilar, but specificity
was constantly high (97%) in non-BCG-vaccinated subjects.
Conclusively, this study revealed that the IGRAs, especially
QFT-Gold and QFT-Gold In-Tube, possess exceptional
specificity that is impassive to BCG vaccination [41,42].

ELISA-IGRA is supposed to be highly explicit for active TB,
as demarcated by the number of patients without TB having
negative reports of ELISA-IGRA. In a couple of related
studies, the specificity of ELISA-IGRA, particularly of QFT
ranged between 97-100% [43-47]. Our study showed strikingly
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similar results and cent percent correlation between QFT-Gold
IT test and TST.

Conclusion
In this study, the both tests, QFT-Gold IT and TST were cent
percent correlated and it was found that QFT-Gold IT with
remarkable sensitivity and specificity which is equivalent to
that of the TST. Moreover, QFT-Gold IT is impervious to BCG
vaccination and other similar variables but not TST. However,
this was only a pilot study and the sample size was very small,
hence, further studies need to be done to determine the true
sensitivity and specificity of the QFT-Gold IT.
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