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Abstract12

A profusion of articles have been published on the accuracy and uses of13
interferon-gamma releasing assays. This study was done in Kirkuk city14
between November 2012 to February 2013, to explore immunological facts15
about tuberculosis and aims to find out possible association between the16
different blood group ABO and Rh system among TB patients. It included 5017
individuals (40 suspected tuberculosis patients and 10 healthy controls), 2918
were males and 21 were females, Their age range between 7 to 91 years old19
and patients of age group 31-60 years were mostly infected with TB.20
According to vaccination the highest percentage of positive results were21
found in BCG vaccinated TB patients. The patient were examined for the22
presence of TB by using QuantiFERON-TB Gold In-Tube assay, Tuberculin23
skin test(TST), OnSite TB IgG/IgM rapid test. We concluded that QFT-GIT24
implementation for LTBI evaluation in consultant clinic for respiratory25
disease significantly reduced the proportion of referred individuals in whom26
LTBI was diagnosed. In close contact that was BCG-vaccinated, particularly27
if BCG is received after infancy, the QFT assay appeared to be more specific28
indicator of latent TB infection than TST.29

--------------------------------------------------------------------------------------------30

31

32

Introduction:33

Mycobacterium is a genus of34
Gram-positive bacilli that35
demonstrates the staining36
characteristic of acid-fastness. Its37
most important species,38
Mycobacterium tuberculosis,39
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which is the common etiologic40
agent of tuberculosis. One of the41
oldest and most devastating of42
human afflictions, tuberculosis43
remains a leading cause of44
infectious disease deaths worldwide45
today (1). Tuberculosis is a46
communicable disease caused by47
infection with M. tuberculosis48
complex organisms (M.49
tuberculosis, M. bovis, M.50
africanum), which typically spreads51
to new hosts via airborne droplet52
nuclei from patients with53
respiratory tuberculosis disease. A54
newly infected individual can55
become ill from tuberculosis within56
weeks to months, but most infected57
individuals remain well (curable) if58
treated (2). Tuberculosis causes ill-59
health among millions of people60
each year and ranks as the second61
leading cause of death from an62
infectious disease worldwide. The63
latest estimates included in 201264
report are that there were almost 965
million new cases in 2011 and 1.466
million TB deaths (990,000 among67
HIV negative people and 430,00068
HIV-associated TB deaths) (3). Iraq69
shows its dedication and70
commitment to prevent and control71
TB. Between 2003 and 2012, the72
TB case detection rate gradually73
and consistently increased to reach74
57% which is 8,664 TB cases in75
2012 (4). Tuberculosis is a disease in76
which bacteria may invade many77
parts of the body, such as the brain,78
the kidney and the spine called79

(extra-pulmonary TB), TB most80
common target is the lungs called81
(pulmonary TB), the TB bacteria82
damage so much that it is difficult83
for a person to breath. There are84
two main types of TB: One is the85
latent TB, which means a person86
carries the TB germ but is not sick87
and cannot pass the germ on to88
other people. The other type is89
active TB, The people with this90
form of the disease do get sick (5).91

Latent tuberculosis infection92
(LTBI), a non-communicable93
asymptomatic condition, persists  in94
some,  who might develop95
tuberculosis disease months or96
years later. The main purpose of97
diagnosing LTBI is to consider98
medical treatment for preventing99
tuberculosis disease (2). The100
tuberculin skin test (TST) is widely101
utilized for detection of M.102
tuberculosis infection, but this test103
has important limitations. The TST104
can cross-react with non-105
tuberculous mycobacterial (NTM)106
species or Bacille Calmette Guerin107
(BCG) vaccine, thereby108
complicating the interpretation of109
TST results especially in BCG-110
vaccinated individuals from TB-111
endemic settings. These limitations112
may reduce TST specificity, and113
may reduce patient and provider114
confidence in TST results.115
Interferon-gamma release assays116
(IGRAs), such as the commercially117
available QuantiFERON-TB Gold-118
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In Tube (QFT-GIT, Cellestis, Ltd,119
Carnegie, Australia) test, has the120
potential to overcome some of121
TST’s limitations (6). The122
availability of Mycobacterium123
tuberculosis antigen specific124
interferon-gamma (IFN-γ) release125
assays (IGRAs) represents a126
significant advance in the field of127
TB diagnosis (7).128

In 2001, the QuantiFERON-TB129
test (QFT) became the first IGRA130
approved by the food and drug131
administration (FDA) as an aid for132
diagnosing M. tuberculosis133
infection (8,9). In 2005, the134
QuantiFERON-TB Gold test (QFT-135
G) became the second IGRA136
approved by FDA as an aid for137
diagnosing M. tuberculosis138
infection. CDC published139
guidelines for using QFT in 2003140
and for using QFT-G in 2005 (10).141
The QuantiFERON-TB Gold In142
Tube test is a test for cell mediated143
immune (CMI) responses to144
peptide antigens that simulate145
mycobacterial proteins. These146
proteins, ESAT-6, CFP-10 and147
TB7.7(p4), are absent from all148
BCG strains and from most149
nontuberculosis mycobacteria with150
the exception of M. kansasii, M.151
szulgai and M. marinum (11).152

Numerous studies have153
demonstrated that these peptides154
antigens stimulate IFN-γ responses155
in T-cells from individuals infected156
with M. tuberculosis but generally157

not from uninfected or BCG158
vaccinated persons without disease159
or risk for LTBI (12). To avoid160
cross-reactivity, these tests use161
antigens encoded in the region of162
difference 1 (RD1), a portion of the163
Mycobacterium tuberculosis164
genome that is absent from the165
genome of BCG and many non-166
tuberculosis mycobacteria (NTM)167
(13). The TST assesses in vivo168
delayed-type hypersensitivity169
(Type IV), whereas QFT and QFT-170
G measure in vitro release of IFN-γ.171
The TST and QFT measure172
response to PPD, a polyvalent173
antigenic mixture, whereas QFT-G174
measures response to a mixture of175
synthetic peptides simulating two176
specific antigenic proteins that are177
present in PPD (10).178

Since QFT-GIT is a quantitative179
blood test, its results are less180
subjective than those of TST.181
Recently the U.S. Centers for182
Disease Control and Prevention183
(CDC) provided guidance that184
IGRAs are an acceptable185
alternative to TST for the detection186
of M. tuberculosis infection, and187
are the preferred option in some188
circumstances including testing of189
BCG-vaccinated populations (14).190
Several new serological tests for191
the diagnosis of tuberculosis have192
been developed in the last decade.193
Purified antigens and the use of194
monoclonal antibodies have begun195
to overcome the problem posed by196
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the broad cross reactivity of crude197
extracts from Mycobacterium198
tuberculosis (15).199

Materials and Methods200

Study population:201

Fifty individuals (forty suspected202
tuberculosis patients and ten203
healthy controls) referred to the204
consultant clinic for respiratory205
disease in Kirkuk city, for206
suspected M. tuberculosis infection207
were enrolled in this study between208
November 2012 to February 2013.209
A full history was taken from each210
patient including the age,211
residency, occupation, BCG212
vaccination, history of cough, night213
sweating, hemoptysis, fever and214
loss of weight. Five ml sample of215
blood was collected by vein216
puncture using disposable syringe217
or vacuum tube needle for each218
patient enrolled in this study, One219
ml of whole blood was added to220
each of the three QuantiFERON221
tubes: (Nil, TB Antigen and222
Mitogen) for ELISA usage. Finally,223
2 ml whole blood  placed in224
labeled vacuum tubes for blood225
group typing and then centrifuged226
and serum separated and227
transferred into clean test tube and228
stored at -20°C for further229
serological testing for detecting230
specific OnSite TB IgG/IgM rapid231
test cassette. QFT-GIT testing was232
performed according to233
manufacturer’s instructions (16).234

Samples for QFT-GIT test were235
stored at room temperature for up236
to 2 hours at the consultant clinic237
for respiratory disease in Kirkuk,238
until transportation to the239
laboratory. Following incubation240
and centrifugation, harvested241
plasmas were stored at 4°C for up242
to  months prior to ELISA testing.243
Results were calculated and244
interpreted by the assay software as245
positive, negative, or indeterminate,246
according to manufacturer’s247
instructions tests were interpreted248
as indeterminate if the mitogen249
minus nil was < 0.5, or the nil was250
> 8.0; tests were interpreted as251
negative if the TB antigen minus252
nil was < 0.35, or if the TB antigen253
minus nil was ≥ 0.35 but was <254
25% of the Nil value; tests were255
interpreted as positive if the TB256
antigen minus nil was ≥ 0.35 and257
was ≥ 25% of the nil value (16).258

For the TST, 0.1 ml of tuberculin259
PPD [equivalent to three tuberculin260
units (TU) of purified protein261
derivative solution (PPD-S)] was262
injected intradermally into the volar263
aspect of the forearm, and the264
transverse induration diameter was265
evaluated at 48-72hours after the266
injection. The results of the test267
were interpreted by hospital staff268
based on the patient’s degree of269
risk, according to current guidelines270
(17).271

Statistical Considerations272
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Computerized statistically analysis273
was performed using Minitab for274
data management. Comparison275
carried out using chi-square (X2)276
and probability (P value). The P277
value ≤ 0.05 was considered278
statistically significant, and less279
than 0.001 considered highly280
significant and greater than 0.05281
considered non-significant.282

283

Results284

In this study the highest positives285
were found within the age group286
31-60 years, while in control only287
one positive was found within age288
group1-30 years. According to sex289
the highest positive was found in290
male. According to residence the291
highest positive was found among292
peoples of urban area. vaccination293
revealed the highest number and294
percentage 26(89.7%) was found in295
vaccinated patients; while in296
control the only positive case was297
found in vaccinated person as298
shown in table 1.299

In the present study shows300
relation between QFT-GIT and301
OnSite TB rapid test, they were302
positive in 25(86%); QFT-GIT303
positive and OnSite TB rapid test304
were negative in 4(14%) of305
patients; QFT-GIT negative and306
OnSite TB rapid test positive were307
seen in 5(45%); while QFT-GIT308
and OnSite TB rapid test were309

negative in 6(55%) of patients. In310
control group only one QFT-GIT311
positive but it was OnSite TB test312
negative. 9(100%) of individuals313
for both tests were negative, see314
Table 2.315

The blood grouping (ABO) and316
rhesus typing were performed in317
this study with relation to318
QuantiFERON-TB Gold-In Tube319
(QFT-GIT). The highest positive320
result was found in patients of O+321
13 (45%); B+ 9(31%); A+ 7(24%);322
only one positive result was found323
in control group of AB+ 1(100%).324
While negative results in patients325
and controls respectively were326
found in O+ 4(36%), 2(22%) and B+327
2(18%), 6(67%) and A+ 4(36%),328
(0%) and AB+ 1(9.1%), (11%).329
Statistically, there were highly330
significant differences, see Table 3.331

In the present study as shown in332
Table 4, three extra-pulmonary TB333
patients were tested with both TST334
and QFT-GIT which were positive335
3(100%). Statistically, there was a336
significant relation between TST337
and QFT-GIT.338

Discussion339

The presented results indicate that340
tuberculosis affect mainly young341
age group and is more common in342
males. Schwartzman et al., showed343
that the mean age of his patients344
was 29 years and expansion of345
DOTS program would cost saving346
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for patients and governments (18). In347
relation to QFT-GIT and OnSite TB348
IgG/IgM test, they were positive in349
25(86%); QFT-GIT positive and350
OnSite TB test were negative in351
4(14%) of patients; QFT-GIT352
negative and OnSite TB test353
positive were seen in 5(45%); while354
QFT-GIT and OnSite TB test were355
negative in 6(55%) of patients. Kim356
et al. reported that QFT had a357
significantly higher sensitivity than358
easy test TB, and concluded that359
the combination of easy test TB360
and QFT could be used to aid in a361
rapid diagnosis and early treatment362
of TB (19). The vaccination reported363
in the present study showed the364
highest number 26(89.7%) was365
found in vaccinated patients.366
Statistically, there was a non-367
significant (P> 0.05) association368
with a QFT-GIT test and369
vaccination. However, Diel et al.370
concluded that the QFT assay was371
unaffected by BCG vaccination372
status, unlike the TST. In close373
contacts who were BCG-374
vaccinated, the QFT-GIT assay375
appeared to be a more specific376
indicator of latent tuberculosis377
infection than the TST, and378
similarly sensitive in unvaccinated379
contacts (20). The blood grouping380
ABO and rhesus typing were381
performed in 50 individuals (40382
suspected tuberculosis patients and383
10 healthy controls) examined384
according to QuantiFERON-TB385
Gold-In Tube (QFT-GIT). The386

highest positive result was found in387
patients of O+ 13 (45%)%); B+388
9(31%); A+ 7(24%); and only one389
positive result was found among390
control group of AB+ 1(100%).391
Statistically, there was a highly392
significant (P< 0.01) differences.393
This result almost similar to those394
of Sybirna et al. who reported an395
increase in the number of persons396
with blood group O and B and397
decrease in those with A blood398
group among the examined patients399
comparatively with the control400
group determined. Considerable401
depression of activity of T-402
lymphocytes of sick persons with403
blood group O and B and specific404
immunity of patients with blood405
group O in comparison with blood406
group A was revealed (21). In this407
study because of unavailability and408
high cost of price of tests only three409
patients had extra-pulmonary TB410
tested with QFT-GIT were positive411
3(100%) for both TST and QFT-412
GIT. Statistically, there were a413
significant (P <0.05) relation414
between TST and QFT-GIT.415
Trajman et al. who concluded that416
both tests are accurate to detect417
latent tuberculosis. Although,418
IGRA have higher specificity than419
tuberculin skin testing in BCG-420
vaccinated populations (13). Finally421
this study recommended that422
QuantiFERON-TB Gold test was a423
new measure belonging to a new424
class of immunological test for425
LTBI which is based on modern426
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immune assay technology and427
exhibit several improvements in428
test format over the TST like: One429
patient visit, fully controlled,430

unaffected by BCG vaccination431
status, high sensitivity and432
specificity.433

434

Table 1: Distribution of QuantiFERON-TB Gold In Tube According to Vaccination.435

QuantiFERON-TB Gold-In
Tube

QuantiFERON-TB
Gold-In Tube

Vaccine ControlPatient
-ve+ve-ve+ve

%No.%No.%No.%No.
898100191109026Done
111009.11103Not done

100910011001110029Total
X2=0.137   P-Value = 0.82 (Non- significant)436

437

Table 2: The Diagnostic Significance of QuantiFERON-TB Gold-In Tube.438

QuantiFERON-TB Gold-In TubeOnsite TB
IgG/IgM Rapid

Test
ControlPatient

-ve+ve-ve+ve
%No.%No.%No.%No.
00004558625+ve

10091001556144-ve
100910011001110029Total

X2=24.269,   P-Value = 0.0003 (Highly Significant)439

440

441

Table 3: Relation Between QuantiFERON-TB Gold-In Tube of Patients and Controls442
Tested and Blood Groups ABO.443

QuantiFERON-TB Gold-In Tube
Blood
groups ControlsPatients

-ve+ve-ve+ve
%No.%No.%No.%No.
0000364247A+
00000000A-

67600182319B+
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00000000B-
11110019.1100AB+
00000000AB-

222003644513O+
00000000O-

100910011001110029Total
X2=25.71,   P-Value = 0.00216 (Highly Significant).444

445

Table 4: The Positive Result of Tuberculin Skin Test (TST) in Relation to446
QuantiFERON-TB Gold-In Tube of Extra-pulmonary TB Patients Examined.447

Tuberculin Skin Test (TST)
QuantiFERON-TB

Gold In Tube Positive
%No.

1003+ve
00-ve

1003Total
X2= 6.000,   P-value= 0.014 (Significant)448

449

450

451

452

453

454

References455

1. James J. P: Mycobacteria. In:456
Ryan K J, Ray C G, editors.457
Sherris Medical Microbiology,458
An Introduction to Infectious459
Disease.  fourth edition. New460
York, McGraw-Hill Companies;461
2004: 439- 456.462

2. Bartalesi F, et al:463
QuantiFERON-TB  GOLD  and464
TST are both useful for latent TB465
screening in autoimmune466
diseases. Eur  Respir  J467
2009;33:586-593.468

3. World Health Organization469
(WHO) Global tuberculosis470
report 2012.471

4. United Nation Assistance472
Mission for Iraq. In Iraq, calls473
and commitments to “Stop TB in474
my lifetime”. 24 Mar 2013.475

http://reliefweb.int/report/iraq/ira476
q-calls-and-commitments.477

UNDER PEER REVIEW



9

5. Wouk H: Tuberculosis. New478
York, Michelle Bisson, 2010.479
1:14.480

6. Shah M, DiPietro D, Greenbaum481
A, Ketemepi S, Martins-Evora482
M, et al: Programmatic Impact of483
QuantiFERON-TB Gold In-Tube484
Implementation on Latent485
Tuberculosis Diagnosis and486
Treatment in a Public Health487
Clinic. PLoS ONE 20127; 5:488
536-551.489

7. Kobashi Y, Shimizu H,  Mouri490
K, Obase Y, Miyashita N, Oka491
M: Clinical evaluation of492
QuantiFERON TB-2G test in493
patients with healed pulmonary494
tuberculosis. J Infect Chemother495
2009; 15:288–292.496

8. Food and Drug Administration.497
QuantiFERON-TB-P010033.498
June 16, 2010.499
http://www.fda.gov/MedicalDevi500
ces/ProductsandMedicalProcedur501
es/DeviceApprovalsandClearanc502
es/RecentlyApprovedDevices/uc503
m084025.htm.504

9. Mazurek GH, Villarino ME.505
Guidelines for using the506
QuantiFERON-TB test for507
diagnosing latent508
Mycobacterium tuberculosis509
infection. MMWR 2003;52:15-510
18.511

10. CDC. Guidelines for using the512
QuantiFERON-TB Gold test for513
detecting Mycobacterium514

tuberculosis infection, United515
States. MMWR 2005;54: 15:49-516
55.517

11. Andersen, P., et al. Specific518
immune-based diagnosis of519
tuberculosis. Lancet 2000; 356:520
1099-104.521

12. Chun, JK, et al: The role of a522
whole blood interferon gamma523
assay for the  detection of latent524
tuberculosis infection in Bacille525
Calmette-Guérin vaccinated526
children. Diagn Microbial infect527
Dis 2008; 62:389-394.528

13. Trajman A,. Steffen R E,529
Menzies D: Interferon-Gamma530
Release Assays versus531
Tuberculin Skin Testing for the532
Diagnosis of Latent Tuberculosis533
Infection: An Overview of the534
Evidence. Pulmonary Medicine535
Volume 2013, Article ID536
601737, 11 pages.537

14. Mazurek GH, Jereb J, Vernon538
A, LoBue P, Goldberg S, et539
al:Updated guidelines for using540
Interferon Gamma Release541
Assays to detect Mycobacterium542
tuberculosis infection – United543
States, 2010. MMWR Recomm544
Rep 2010;59: 1–25.545

15. Bothamley G H, Rudd546
RM:Clinical evaluation of a547
serological assay using a548
monoclonal antibody (TB72) to549
the 38 kDa antigen of550

UNDER PEER REVIEW



10

Mycobacterium tuberculosis. Eur551
Respir J 1994;7: 240–246.552

16. Package insert for in vitro553
diagnostic use QuantiFERON®-554
TB Gold In Tube. Germany, July555
2011: Document no.556
05990301G-1.557
http://www.cellestis.com/IRM/C558
ompany/ShowPage.559

17. American Thoracic Society560
Targeted tuberculin testing and561
treatment of latent tuberculosis562
infection. MMWR Recomm Rep563
2000; 49:1–51.564

18. Schwartzman K, Oxlade O,565
Barr RG et al: Domestic returns566
from investment in the control of567
tuberculosis in other countries.568
New England journal of569
medicine 2005;353:1008-1018.570

19. Kim MH, Seo KY , Won D:571
Clinical usefulness of combined572

anti-tuberculosis antibody test573
and interferon-γ release assay for574
the diagnosis of tuberculosis.575
Lab Med Online 2011;11:51-56.576

20. Diel R, Nienhaus A, C. Lange,577
Meywald-Walter K, Forßbohm578
M and T. Schaberg. Tuberculosis579
contact investigation with a new,580
specific blood test in a low-581
incidence population containing582
a high proportion of BCG-583
vaccinated persons. Respiratory584
Research 2006;7:77.585

21. Sybirna RI, Platonova IL,586
Sakhelashvili MI: The587
immunological changes caused588
by Mycobacterium tuberculosis589
in patients with different blood590
groups. Mikrobiol Z 1999;591
61:54-58.592

593

594

595

UNDER PEER REVIEW


