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Abstract 

     Cities witnessing mass-gathering events, such as Kerbala-Iraq, are peculiar in 

respect to their needs in controlling tuberculosis. DOTS was implemented in 

Kerbala almost two decades ago. GeneXpert MTB/RIF assay is adopted in the hope 

to escalate case detection rates, however, its performance is not evaluated yet. 

Records of 3254 patients suspected to have pulmonary TB whom they referred to 

the chest and Respiratory illnesses center of Kerbala governorate were analyzed. 

The overall trends of TB detection rates showed declining pattern over the year 

before the adoption of GeneXpert MTB/RIF. In the year of adoption of Xpert 

MTB/RIF, the detection rates raised, then after declined again. The GeneXpert 

MTB/RIF has added 17.7% increase in detectionrates. 

In conclusion: GeneXpertMTP/RIF usage had strengthen case detection rates 

especially for smear-negative cases.  
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 خلاصةال                   

 تحتاج الى السيطرة على مرض السلالعراق ،  –مثل كربلاء  أجتماعيةالمدن التي تشهد أحداثا ن أ     
في كربلاء قبل عقدين تقريبا. مة الصحة العالمية ظمن قبل من(DOTS)تطبيق استراتيجية تم  .بصورة خاصة

معدلات اكتشاف الحالات، ومع ذلك، لم  زيادةأملا في  GeneXpert MTB/RIFبا  فحصالتم اعتماد كما 
 في اسجلو مريضا يشتبه في إصابتهم بالسل الرئوي الذين  3223 بياناتحتى الان. تم تحليل  هيتم تقييم أدائ

النتائج العامة بأن هناك وأمراض الجهاز التنفسي في محافظة كربلاء. وأظهرت  يةالصدر مركز الامراض 
التي في السنة و GeneXpert MTB/RIF  اعتماد قبل انخفاض في معدلات الكشف عن الاصابة بالسل 

قد مرة أخرى. و  ت، ارتفعت معدلات الكشف، ثم تراجع GeneXpert MTB/RIFاعتمد فيها الفحص ب
وفي الاستنتاج، استخدام  ٪ في معدلات الكشف.11.1 بحوالي زيادة GeneXpert MTB/RIFأضاف 
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GeneXpert MTB/RIF  يعزز معدلات الكشف عن الحالات وخصوصا حالات المسحات السالبة بالفحص
 جهري.الم

Introduction 

     Pulmonary Tuberculosis (PTB) presents as a serious public health problem worldwide. It is the 

second-highest cause of death among communicable diseases and according to the WHO, 1.8 million 

deaths and 10.4 million new PTB patients fell ill in 2015 globally  [1]. 

Iraq is one of the countries in the Eastern Mediterranean region which accounts for 25% of the global 

TB burden in 2014. Its estimated that there are 20000 TB patients and 4000 deaths annually in Iraq 

which accounts 3% of the total number of cases in the region [1]. 

     PTB has non-specific clinical features, thus diagnosis usually confirmed by laboratory testing. 

Conventional methods include Ziehl-Neelsen (ZN) staining of sputum samples and culturing of 

Mycobacterium tuberculosis (MTB) bacteria [2, 3] which is important for diagnosing false negative 

smears and testing for drug resistance [4]. Because culture results take weeks, several new rapid 

methods were developed during the last decade such as GeneXpert MTB/RIF and other molecular 

tests [5-7] hoping to improve case detection rates for better PTB control [8, 9]. 

     The GeneXpert MTB/RIF assay is an automated real-time PCR for simultaneous detection of MTB 

diagnosis and rifampin resistance in less than 2 hours directly from sputum [10, 11]. It is nucleic acid 

amplification test that does not need specific pre-requites for its set-up and needs little technical 

training [12]. The GeneXpertMTB/RIF device was introduced by Cepheid in 2004, in 2010, WHO 

recommended its use for diagnosing PTB in patients with HIV as an initial diagnostic test. Then after 

the WHO recommendation was extended to test all individuals suspected to have PTB [13]. Since 

2014, WHO has gained 3269 GeneXpert MTB/RIF devices for the public sectors in 108 of 145 

countries[14]. In Kerbala, GeneXpertMTB/RIF was implemented science 2015. 

     The aim of the current study was to assess the impact of introducing GeneXpertMTB/RIF assay on 

detection rates for Mycobacterium tuberculosis (MTB) cases. 

Materials and methods 
     The current study is a retrospective record-based study performed in the chest and Respiratory 

illnesses center of Kerbala governorate. Six years' data from 2010 through 2016 were analyzed. Data 

were reported using the criteria ofWHO/International Union of Tuberculosis and Lung Diseases 

(IUTALD) [15].  

     A total of 3254 subjects suspected to have PTB cases were included. Of which, there were 602 

subjects have confirmed PTB by clinical features (which was considered the gold standard for PTB 

diagnosis) and laboratory finding based on ZN staining, and/ or Genexpert MTB/RIF tests. There were 

very few PTB cases that confirmed by culturing of the specimen because the center was not accredited 

to make culture until 2015. However, only 66 subjects were tested by culture technique. Thus the 

culturing results were not analyzed. The Extra-pulmonary TB subjects and patients who taking 

treatment for TB were excluded, The recorded data were analyzed using SPSS software version 20.0.  

Results 

     In the current study, records of 3254 patients with signs of PTB whom they referred to the chest 

and Respiratory illnesses center of Kerbala governorate were analyzed. The studied population 

includes 1502 females and 1752 males. The study considered the clinical outcome as the gold standard 

for PTB diagnosis. Out of the 3254 tested subjects, a total of 602(18.5%) were confirmed to have 

PTB, the others were considered to be non-PTB. Among the PTB cases, 282 were females and 320 

were males. The mean age± SD was (44.02 ± 17.23). Three sputum samples from each patient were 

tested by ZN staining. The number of smear-positive cases was 391 (65%), whereas 211 PTB cases 

were smear-negative, representing approximately 35% of the total PTB cases. Thus, smear positivity 

among all attendant to the center was 12.01%. 

     Among the 3254 referred cases, Genexpert MTB/RIF was available to test 616 cases, whereas, this 

technique was not available for test the other cases. Among the PTB cases, 110 were tested by 

Genexpert MTB/RIF, 83 (75.45%) were positive and the GeneXpert MTB/RIF positivity from all 

tested cases was 13.47% as shown in Table-1. 
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Table 1-Demographic data 

Total attendant (2010-2016) 3254 

Total PTB cases 602 

Percentage of PTB cases 602 /3254 = 18.5% 

% of smear positivity from total attendant 391/ 3254 = 12.01% 

% of smear positivity from PTB case 391/602=64.95 % 

Total number of cases tested by GeneXpert 616 

Total number of PTB tested by GeneXpert 110 

% of Genexpert positivity from total tested attendant 83 /616 = 13.47% 

% of Genexpert positivity from Total tested PTB cases 83/110= 75.45% 

Mean age of PTB patients 44.02 ± 17.23 

Gender     Female (%) 

Number of cases tested by GeneXpert 

Number of positive cases by GeneXpert 

Male (%) 

Number of cases tested by GeneXpert 

Number of positive cases by GeneXpert 

282 (46.84%) 

62 

50 

320 (53.15%) 

48 

33 

 

     By comparison of the GeneXpert MTB/RIF results and ZN staining technique, the study revealed 

that all of the smear-positive cases were positive by GeneXpert MTB/RIF. Whereas, 13 of smear-

negative PTB cases were positive by GeneXpertMTB/RIF as shown in Table-2, This means 

GeneXpert MTB/RIF has added 17.7% (70 detected by smear microscopy compared to 83 detected by 

GeneXpert MTB/RIF relative increase in the rapid TB case detectionrate.  

Table 2-Comparison of ZN smear and GeneXpert MTB/RIF results  

PTB Cases Genexpert Total 

ZN staining 

Smear-Positive 

 

Smear-Negative 

Positive Negative  

70 

 

40 

70 

 

13 

0 

 

27 

Total 83 27 110 

     Regarding Gender, of 602 PTB patients 46.84% were female and 53.15% were male. Smear 

positivity for female cases was (188/282=66.66%) and for male cases was (203/320=63.43%). 

GeneXpertMTB/RIF test result revealed that among 282 cases of females, there were 62 cases were 

tested by GeneXpertMTB/RIF and the positivity was (50/62=80.64%). For the male's cases, 48 cases 

were tested by GeneXpertMTB/RIF and the positivity was (33/48=68.75%). The smear-negative 

GeneXpertMTB/RIF positive cases were (13), female cases were higher than males, 9 and 4, 

respectively.  

     Concerning Age of the patients, the higher proportion of PTB cases were occurring in the age 

group (15-24) years (121/602=20.09%) and 72.25% of cases occur in age groups (15-54) years. In 

females, the higher proportion of PTB occur in the younger reproductive age group (15-24). Whereas 

the higher proportion of male TB patients occurs in older age group (35-44). There was a significant 

difference between Age and Sex in PTB patients, Table-3 

Table 3-Age and Gender distribution among PTB patients 

Age group N. of TB(%) Female(%) Male(%) 

5-14 11 (1.82) 9 (81.81) 2 (18.18) 

15-24 121 (20.09) 75 (61.98) 46 (38.01) 

25-34 118 (19.6) 50 (42.37) 68 (57.62) 

35-44 96 (15.9) 25 (26.04) 71(73.95) 

45-54 100 (16.61) 47 (47) 53 (53) 

55-64 89 (14.78) 47 (52.8) 42 (47.19) 

≥ 65 67 (11.12) 29 (43.28) 38 (56.71) 

Total 602 282 320 

P- value 0.000 
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Incidence of PTB cases 

     As shown in Figure-1, there was declining trend in the PTB incidence over the period 2010-2014. 

In 2015 there was an increase in the incidence of PTB cases and then after there was another decrease. 

Interestingly, the number of attendants to the center has clearly higher in the 2015 and 2016 than other 

studies years as shown in Table-4. 

 

Table 4-Distribution of PTB cases through years (2010-2016) 

year 
Total 

Attendant 

Total TB 

cases 

Smear positive 

(%) 
Male Female 

2010 507 121 73 (60.33) 43 30 

2011 395 91 59 (64.83) 33 26 

2012 401 87 53 (60.91) 26 27 

2013 271 78 42 (53.84) 19 23 

2014 336 62 56 (90.32) 28 28 

2015 652 85 59 (69.41) 34 25 

2016 692 78 49 (62.82) 20 29 

total 3254 602 391 203 188 

 

 
Figure 1-Incidence of PTB cases through six years. 

 

Discussion 

     TB considered a serious public health problem worldwide.The current number of PTB cases that 

occur globally each year (9.4 million) is greater than that occur at any time in history. Over 90% of TB 

cases occur in low and middle-income countries [16]. Early PTB diagnosis is critical to disrupt 

bacterial transmission and subsequently improve disease control. PTB has non-specific clinical 

features, thus diagnosis usually confirmed by laboratory testing. Conventional laboratory methods 

used to diagnose PTB include Ziehl-Neelsen (ZN) staining of sputum samples and culturing of 

bacteria. Smear staining is specific, inexpensive, and could be done in basic laboratories. However, its 

insensitive, false positive results may occur. In addition to that, smear staining cannot be used to test 

drug resistance profile which is critical for starting treatment of MDR-TB patients [2]. 

     Smear-positive patients are responsible for disease transmission. However, Its reported that smear-

negative patients are responsible for approximately 17% of transmission which was neglected [4]. 

Culturing of MTB is important for diagnosing false negative smears and testing for drug resistance but 

it takes weeks. Therefore, several new rapid methods were developed like GeneXpert MTB/RIF for 

detection of MTB and rifampin resistance in less than 2 hours directly from sputumto allow rapid and 

accurate disease diagnosis hoping to decrease PTB incidence rates [16], and improve case detection 
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rates thus described as a potential “game changer” for PTB control [17]. One of the most important 

advantages of GeneXpert MTB/RIF device is that the reagents that used has anti tubercle activity, thus 

MTB will be inactivated in vitro. Subsequently, it can be used as a rapid diagnostic test as its biosafety 

risk are limited [12]. 

     To the best of our knowledge, the current study is the first study in Kerbala aiming to investigate 

the impact of GeneXpert MTB/RIF usage (which is implemented since 2015) in improving case 

detection rates. 

     A total of 3254 patients with suspected PTB were evaluated by ZN staining technique and clinical 

outcome (which was considered the gold standard in the diagnosis of PTB). Some of the cases (616) 

were evaluated by Genexpert MTB/RIF. Total 602 (18.5%) were confirmed as PTB which reflect that 

the disease is of major clinical significance in Kerbala during the period 2010-2016. Lower percentage 

had been reported in previous studies [18].  This differences in PTB incidence percentage might be 

attributed to the knowledge level of people about the disease.  

     Out of 3254, 391 were smear-positive and among the tested cases by Genexpert MTB/RIF (616), 

83 were positive. Thus the smear positivity from all cases was 12.01% and GeneXpert MTB/RIF 

positivity was 13.47%. Among PTB cases (602), the smear positivity was approximately 65%. And 

among the tested PTB cases by Genexpert-MTB/RIF (110), 83 (75.45%) were GeneXpert MTB/RIF 

positive while the other were GeneXpert MTB/RIF negative. Comparable results were reported by 

Munir et al [19] who found that the smear-positivity was 67.5% and Genexpert MTB/RIF positivity 

was 77.4%.  

     GeneXpert MTB/RIF results were compared against smear staining technique. The results showed 

that 70 cases were positive in both acid fast bacilli staining and Genexpert MTB/RIF, 27 were 

negative in both, while 13 cases were smear-negative and Genexpert MTB/RIF positive. 

Thus Genexpert MTB/RIF could add approximately 12%(13/110) additional positive cases which 

were considered negative cases by ZN staining. This might possibly due to the higher specificity and 

sensitivity of GeneXpert MTB/RIF as compared to ZN staining because low bacterial counts on smear 

are more difficult to find during microscopic examination compared to higher bacterial counts and 

subsequently, are more likely to be missed [20]. Therefore, subjects whom considered smear-negative 

and at the same time still harbor and discharge MTB would continue suffering from disease and can 

transmit the bacteria to the community. Additionally, using of Genexpert MTB/RIF can reduce the 

number of sputum samples required by ZN staining technique in addition to its ability to increase case 

detection rates. Interestingly, the presence of high proportion (70) of PTB cases which were positive in 

both ZN and Genexpert tests might possibly reflect the high quality of ZN staining technique in health 

care centers as a preliminary diagnostic test in resource limited area.  

     The study revealed that the Mean age of patients was 44.02 ± 17.23 years. The mean age of female 

was 39.45 and males 42.29. The higher incidence of PTB cases were seen among males (53.15%) as 

compared with females (46.84%). Table-1. Male to female ratio was1.13. The WHO had reported that 

the global ratio is 1.85 [21]. A higher proportion of PTB incidence among men were reported in 

several previous studies [22-24]. Opposite results were reported in other previous studies [25, 26]. 

The exact reason behind gender imbalance is still unknown but it might possibly due to the interaction 

of several contributing factors including biological, epidemiological, and social factors. The impact of 

estradiol sexual hormone on disease acquisition which acts as macrophage activator through IFN-

gamma and thus enhances cell mediated immune response and subsequently the females were less 

susceptible to TB infection [27]. Additionally, there are evidences showed that sever form of PTB 

disease (such as cavitary lesions) occur in male more than female [28]. Another suggested reasons 

include the bad quality of sputum sample, less access to health care centers and social stigma and the 

influence of disease on marital status make females ignore the disease which affects the case detection 

rates and more unreported cases among females [29]. Smear positivity for female cases was 

(188/282=66.66%) and male cases was (203/320=63.43%). The current results disagreed with 

Chinnakali P. et al., [30] who reported that smear positivity rates in males were significantly higher 

than that of females. 

     Interestingly, GeneXpert MTB/RIF test result revealed that among 282 cases of females there were 

62 cases were tested by GeneXpert MTB/RIF and the positivity was (50/62=80.64%). For the male's 

cases, 48 cases were tested by GeneXpert MTB/RIF and the positivity was (33/48=68.75%), Table-1.   



Mohammed et al.                  Iraqi Journal of Science, 2018, Vol. 59, No.2C, pp: 1019-1025 
 

1024 

    The smear negative GeneXpert MTB/RIF positive cases (13), female cases were higher than males, 

9 and 4, respectively. This might possibly due to bad quality of sputum samples collected from female 

patients and considered by ZN as false-negative cases but with GeneXpert MTB/RIF as positive cases   

the higher proportion of PTB cases were occurring in the age group (15-24) years and 72.25% of cases 

occur in age groups (15-54) years. In females, the higher proportion of PTB occurs in the younger 

reproductive age group (15-24). Whereas the higher proportion of male TB patients occur in older age 

group (35-44). There was a significant difference between Age and Sex in PTB patients, Table-3. This 

results were comparable with other studies which indicated that most TB cases occur in the most 

productive age [31]. These could be explained by the fact that younger individuals more active and 

communicable than elderly.  

     The current study demonstrated that there has been declining trend in the PTB incidence over the 

period 2010-2014. In 2015 there was an increase in the incidence of PTB cases and then after there 

was another decrease. This might possibly due to the usage of GeneXpert MTB/RIF in the diagnosis 

of PTB which had been indorsed after 2014 and had an impact on PTB control and prevention of 

transmission. The WHO stated that there is a decline in the incidence rates and mortality rates 

attributed to PTB but at the same time this decline is very slowly [16]. 

Conclusion 

     The implementation of Genexpert in the diagnosis of PTB could strengthen PTB case finding for 

especially, those patients who had sputum smear-negative. 
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