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Abstract:  

sputum samples were collected from 110 suspected pulmonary tuberculosis after they were 

suspected to have tuberculosis according to their clinical manifestations. They were 
admitted to Babylon Center of Tuberculosis and Chest Diseases during the period January to 
October 2021.A total of 90 TB patients consisting of 51 males and 39 females were involved 
in this study. Their age ranged from 11 to more than 70 yearsafter diagnosis the patients 
there were 50 confirmed pulmonary tuberculosis, also collected 40 samples from extra 

pulmonary tuberculosis patients on the basis of clinical findings. Evaluation of direct Acid 
fast bacilli smear microscopy, Gene Xpert and Löwenstein–Jensen culturing of sputum for 
diagnosis of pulmonary tuberculosis, the result showing, the GeneXpert was considered the 
gold standard test which has a higher sensitivity than AFB smear microscopy in respiratory 
samples require several minutes to perform diagnosis of patients with high clinical suspicion 
of PTB, the lymph nodes is most common  in Extra pulmonary tuberculosis. 
Keywords: Pulmonary tuberculosis, Extra pulmonary tuberculosis. 
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Introduction 

Tuberculosis (TB) is considered one of the most important infectious diseases in the world 

and its incidence is on rise (Abdalla et al.,2016). Tuberculosis is a leading global cause of 

morbidity and death (Dye,2006). TB infection is acquired by the inhalation of droplets 

containing Mycobacterium Tuberculosis bacilli (MTB). Tuberculosis is an immunological 

disease and the clinical manifestations of tuberculosis are the functions of the immune 

status of the host (Singh ,2000). The world health organization (WHO) considered Iraq within 

a high burden of TB among seven countries of the Eastern Mediterranean Region include 20 

thousand represent of new and relapse TB cases (represent 54% of all cases), of these four 

thousand death recorded annually (WHO,2017). There may be common symptoms of 

tuberculosis: night sweats, fever, chills, lack of appetite, tiredness and weight loss (Dolin, 

2010). If a tuberculosis infection becomes active, the lungs are most often involved (in 90 % 

of cases) (Behera, 2010). Chest pain and a persistent sputum-producing cough can be 

symptoms. Around 25 % of individuals will have no signs (they remain asymptomatic) 

(Vigenschow, 2019). People will sometimes cough up blood in small quantities, and the 

infection can erode through the pulmonary artery in extremely rare cases, resulting in 

massive bleeding. Tuberculosis affects the upper lung lobes more often than the lower ones 

(Dolin, 2010). Tuberculosis primarily affects the lungs, but some of its most devastating 

clinical consequences arise because of its ability to spread from the lungs to other organs. 

Extra pulmonary TB constitutes 15–20% of all TB cases. One in every five TB cases presents 
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with extra pulmonary TB (Gambhir et al., 2017). EPTB can be either primary (at the site of 

initial infection) or secondary (disseminated), which usually occurs due to hematogenous or 

lymphatic spread of bacteria from the primary organ, reactivation of latent TB (LTBI), 

ingestion of infected sputum, or spread locally from adjacent organs (Gopalaswamy et al., 

2021). The diagnosis was important for detection MTB infection and confirm the presence of 

bacterium by non-costed conventional techniques in addition to molecular techniques which 

revealed high specificity and sensitivity compared to conventional methods (Maynard-Smith 

et al., 2014).The confirmation of MTB infection through the short period by using geneXpert 

and PCR have a potential role in limitation and termination the incidence of infection by 

introducing anti-TB drug quickly furthermore limitation of multidrug-resistant MTB ( Agrawal 

et al., 2016). 

 

Materials and Methods 

1.Sputum samples  

The diagnosis of pulmonary TB requires a respiratory specimen constitute the most 

common type of specimen submitted for the culture and isolation of mycobacteria, about 2-

5 ml sputum of deeply coughing patients collected at early morning in a sterile container for 

both microscopy and mycobacterial cultures for patients with suspected pulmonary 

tuberculosis. Patient's mouth, lips, tongue, or fingers should not touch the inside of the 

container and should rinse his/her mouth with water, the sputum should consist of thick 

mucoid material, not saliva (Allen et al., 2016).  

2. Sputum processing  

A-Principle  

Sputum is a complex specimen consisting of network mucin molecules, filamentous 

actin, cell debris, leukocytes, inflammatory mediators and elastin fibers and normal flora 

bacteria embedded within this matrix. Efficient processing of sputum samples leads to the 

release of bacteria trapped within the complex sputum matrix. So the sensitivity of 

diagnostic tests for MTB is largely dependent on the efficiency of sputum processing 

protocols (Yoshimatsu et al., 2015). Sputum specimens are treated with a mucolytic agent to 

break down the mucus and a decontaminating agent to suppress the growth of the normal 

flora present in the sample. If this were not done, the normal flora would overgrow the 

more slowly growing species of mycobacteria, making their isolation from clinical samples 

impossible. The initial processes involve homogenization and decontamination of sputum by 

Modified Petroff’s method in which 4% sodium hydroxide (NaOH) is used (Goldman and 

Green, 2009). 

B-Method 

The method of sputum processing according to (Satapathy et al., 2014) 

3.Diagnosis of Mycobacterium tuberculosis in PTB  

3.1 Direct microscopy identification of acid-fast MTB  

A-Principle  

     Acid-fast mycobacteria contain mycolic acid in their outer membrane, making the cells 

waxy and resistant to staining with aqueous-based stains such as the Gram stain. The 

primary stain, carbolfuchsin, is applied to the cells and phenol is used to allow the stain to 
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penetrate into the waxy surface of acid-fast microorganisms. The excess stain is removed 

with treatment by 1% sulfuric acid. A secondary stain, methylene blue, is then applied to the 

cell (Ali et al., 2013).  

B-Method  

The procedure of direct microscopy identification by AFB staining was applied 

according to (Tille, 2015).  

3.2 Routine culture of MTB  

A-Principle  

All the sputum samples which appears AFB+ selected for culturing to confirm MTB 

diagnosis. Lowenstein-Jensen (LJ) media also called the egg-based media that consist of 

eggs, salts, potato flour, amino acids, glycerol, and malachite green used in the present 

study for the cultivation of MTB The media was previously prepared in slant screw cup tube 

by the laboratory of the chest and respiratory disease center. This medium supplied with 

antibiotics to prevent the growth of fungi, yeast, and bacteria throughout the long 

incubation period (Ali et al., 2013).  

B-Methods  

The specimens cultivated based on Betty et al., (2007).  

3.3 GeneXpert MTB/RIF assay for molecular detection of MTB  

A-Principle (Pandey et al., 2017)  

The Xpert MTB/RIF (Xpert) assay produced by (Cepheid Inc., Sunnyvale, CA, USA) is a 

cartridge-based, semi-automated, rapid molecular assay, which permits rapid TB diagnosis 

through detection of the DNA of MTB and simultaneous identification of a majority of the 

mutations that confer rifampicin resistance (which is highly predictive of multi-drug resistant 

TB).The Xpert assay works by detecting MTB and RIF resistance by polymerase chain 

reaction (PCR) based on integrates and automates specimen processing, nucleic acid 

amplification and detection of the target sequences (81-bp rpoB gene segment that are 

associated with RIF resistance) in simple or complex specimens and probing for the 

mutations that are related to RIF resistance. The assay is automated and completes within 2 

hours. The Xpert MTB/RIF assay can be applied to sputum samples or processed sputum 

sediments samples regardless of the specimen smear was AFB positive or negative. The 

system consists of an instrument, personal computer, barcode scanner, and preloaded 

software for running tests on collected specimens and viewing the results. The system 

requires the use of single-use disposable Gene-Xpert cartridges that hold the PCR reagents 

and Treat clinical specimens, including used cartridges, as if capable of transmitting 

infectious agents. Use proper precautions, such as wearing protective disposable gloves, 

laboratory coats, and eye protection, and follow your institution's safety procedures and 

guidelines (Maynard-Smith et al., 2014).  

B-Method 

The method of GeneXpert MTB/RIF assay according to(Al-Omeri, 2011) . 

3.5.4 Diagnosis of Extra pulmonary tuberculosis  
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EPTB diagnosis depends on clinical criteria including X-ray, signs and symptoms. 

 

 

 

 

 

 

 

 

 Results and Discussion  

1 Demographical data 

1.1 Gender distribution of TB patients 

A total of ninety patients with pulmonary and extra pulmonary TB cases, there was 

51(56.7%) of cases for males and the other 39(43.3%) of cases for females as shown in figure 

(1). 

Figure (1): Gender distribution among TB patients 

 This result, reveals that the most common TB cases in males as compared to 

females. This result is supported by previous local result were in Babylon province, Iraq ( 

Mustafa, 2019). Moreover; Shalan et al., (2013) in a local study in Hillah, Iraq showed that 

out of the 124 TB patients, there were 59% male and 41%. In addition to Manhal, (2009) 

study, which explains 68% of PTB were males and the other, was females. The WHO report 

in 2019 indicated that, globally, the male to female ratio was 2:1 among patients with TB 

(WHO, 2019). This finding could be attributed to the numerous risk factors including: 

smoking, alcoholism, drug abuse and working in crowding areas, as well as male is more 

susceptible to microbial infection than females (Schurz et al.,2019). Biological mechanisms, 

such as sex hormones       might actually account for a significant part of the difference 

between       male and female susceptibility to infection especially TB (Nhamoyebonde and 

Leslie, 2014). 
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1.2 Age distribution among TB patients 

In the current study the age range of all TB cases were ranged from 11 to more than 71 years 

and differ from male to female in the age range of more frequent cases. There were 

significantly frequent cases in the age range 21-30 years as shown in the table (1). 

Table (1): Age distribution among TB patients 

Age group (year) 
 

TB Patients  

No.  

 

Percentage (%)  

 

11 – 20 14 15.6 

21 – 30 23 25.6 

31 – 40 13 14.4 

41 – 50 13 14.4 

51- 60 12 13.3 

61 – 70 12 13.3 

≥ 71 3 3.3 

Total 90 100 

 

The results in the table (1) showed that tuberculosis affected in all age groups. 

Although the results indicate there were high tuberculosis infection rate in age group (21-30) 

in comparison to other age groups.  A local study by AL-Jubouri et al (2017) found that there 

is an increase in cases of PTB in Babylon province especially in young age, the infection rate 

among this age group was (50%). This tendency of high prevalence of young is mainly 

attributed to Malnutrition can exacerbate the risk of TB disease; other threats such as rising 

tobacco use and diabetes among younger age also result in increased TB burden (WHO, 

2015). The results of this study were in agreement with Al-Kadhimi and Dawood, (2011) 

where found that TB is significantly more in younger age group; this may be due to high 

number of young population of Iraq. For interpretation the results, this age range of activity 

which meet and exposure to too many peoples, in addition, this age range include the most 

difficult stage of life exposure the individual to tension and psychological problems may be 

lead to hormonal changes and low immunity of individual which may make the individual 

low resist the MTB infection (Dhabhar, 2014).Another interpretation of the analytical study 

of pulmonary tuberculosis in Iraq, mentioned that most cases of PTB in Babylon province in 

the age group of female (15-24) years and (25-34) years of male because these groups were 

more active life and mix between each other in school, university, and other work sites to be 

more exposure to MTB bacterium (Zhang et al.,2021). 

1.3 Geographic distribution of TB patients 

The present study explained that out of 90 confirmed TB case there was 52(57.78%) 

of cases for rural area populations and the remaining 38(42.22%) of cases for urban area 

population as shown in figure (2). 
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Figure (2): Geographic distribution of TB patients in Babylon province 

The significantly increasing, (P<0.05), of TB cases in rural areas compared to urban 

areas was accordance approximately  with that recorded by Bhatt et al., (2009) who 

mentioned that tuberculosis cases were commonly found in rural areas 59%. 

In an epidemiological study in Iraq clarified that 97% of urban areas can reach to 

health care centers compared with 79% of rural areas (Korzeniewski,2006). The reasons of 

prevalence TB in rural people were due to more complicated diagnoses, knowledge about 

TB, socioeconomic status, education level, malnutrition, contact with domestic animals and 

farm animals. In addition, rural clinics might experience medication stock outs or shortages 

than those located in urban settings (Skosana, 2015). In addition, the TB patients suffered 

more co-morbid mental disorders than the general population because of the length of 

treatment, loss of income, stigma, and isolation from society (Xu et al., 2017). 

Global statistics indicate that the pTB burden is more acute in urban areas. However, 

in countries where large portions of the population are rurally located and reside in extreme 

poverty, TB is dominant among rural dwellers. Poverty and limited access to health facilities, 

health workers, diagnosis and treatment are increased the ability of people who reside in 

rural areas with pTB (WHO, 2015). 

2 Diagnosis of MTB infections  

2.1 Diagnosis of PTB infections  

A total of (110) sputum suspected samples enrolled in the present study from by the 

physician according to chest X-ray which has PTB-like symptoms may be predicted to have 

PTB disease. The diagnostic confirmation  of  PTB in laboratory by bacteriological and 

molecular methods indicatted that 50(45.4%) were confirmed of PTB. 

2.1.1 Bacteriological and Molecular diagnosis of pulmonary tuberculosis  
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A total of (110) sputum sample tested, 26(23.6%) were AFB smear positive by ZN 

stain and the remaining 84 (76.3%) samples were AFB negative, as shown in  figure (3). The 

culturing of sputum given 10(9%) positive growth and 100(90.9%) negative growth,as shown 

in  figure (4-6). The GeneXpert given 50(45.45%) positive and the remaining 60 (54.5%) were 

GeneXpert negative. 

 
Figure (3): Bacteriological diagnosis of Mycobacterium tuberculosis. The field of AFB 

sputum smear stained  with Ziehl Neelsen microscopy under  oil immersion lens.MTB 

stained with red-purple(          ) 
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Figure (4): The positive growth (        ) of MTB colonies on slant Löwenstein–Jensen 

medium for up to 8 weeks .the sample was  sputum 

The sensitivity, specificity and accuracy of laboratory diagnostic technique were 

calculated based on the golden standard which was the GeneXpert. The sensitivity of the 

AFB smear, Gene Xpert and Culture of the clinically conformed 50 pTB cases in this study 

were 60.4%, 98% and 27%, respectively. The specificity of the AFB, Gene Xpert and Culture 

methods were 95%,100%,98.3%, respectively . Therefore, the accuracy (98.2%) were 

obtained from GeneXpert results followed by AFB smear (81%) and culture 72 %, as shown 

in table (2).  

Table (2): Evaluation of direct  Acid fast bacilli smear microscopy, Gene Xpert and 

Löwenstein–Jensen culturing of sputum for diagnosis of pulmonary tuberculosis 

Diagnostic 

Test 

Positive 

No.=110, (%) 

Negative 

No.=110, 

(%) 

Sensitivity 

(95% CI) 

Specificit

y (95% 

CI) 

PPV 

(95% 

CI) 

NPV 

(95% 

CI) 

Accuracy 

(95% CI) 

Gene Xpert 
50 

(45.45%) 

60 

(54.5%) 
98% 98.3% 98% 98.3% 98.2% 

AFB smear 

by ZN stain 

26 

(23.6%) 

84 

(76.3%) 
60.4% 95% 89.6% 77.9% 81% 

L-J culture 
10 

(9%) 

100 

(90.9%) 
27% 100% 100% 68.9% 72% 

CI: confidence intervals, PPV: positive predictive value, NPV: negative predictive value, AFB: acid fast 

bacilli, ZN: Ziehl–Neelsen, LJ: Löwenstein–Jensen 

 

Although the culturing of MTB was considered the gold standard test for diagnosis 

of MTB, it was low sensitivity and high specificity compared to AFB smear microscopy 

because the culture of MTB require specific laboratory environments incubation reach to 8 

weeks until getting colony on slant L-J medium , in addition to the sputum require 

processing to limit contaminants normal flora that lead to false positive/negative results 

(Asmar and Drancourt, 2015). The low sensitivity of TB culture in this study can be attributed 

to the anti-TB antibiotic administration in many TB patients. In a study of Agrawal et 

al.,(2016) clarified the evaluation of AFB smear microscopy in 170 sputum samples of 

suspected pulmonary tuberculosis the sensitivity and specificity were 22.2%, %, and 78.5% 

respectively. The sputum smear test is quicker, produces results in about 30 min, it variable 

to detect from 10% to 75% of TB cases, and requires trained microscopists compared to 

33.33% of cases can be detected by L-J culture. The quicker diagnostic test can limit TB 

spread in a crowded area and limit arise resistance strains of MTB to the drugs used in the 

treatment of the infection (Chaudhuri et al., 2011).In a near study performed in Kerbala   

province explained that among PTB cases (602), the smear positivity was approximately 

(65%) (Mohammed et al., 2018). Al-Omeri,(2011) in Baghdad province, was found low 

positivity (2.89%) of culturing MTB on L-J media to be inappropriate for routine diagnosis of 

pulmonary tuberculosis because high negativity of culturing.Although lacking sensitivity, 
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sputum smear microscopy is inexpensive, relatively simple to perform and a rapid diagnostic 

test          (Allen et al., 2016). The waxy cell wall of MTB may decrease the sensitivity of AFB 

method because the can resist Carbol fuchsin stain to enter the bacterium (Kurup and 

Chester, 2014).Many global studies were reported the sensitivity, specificity, positive 

predictive value (PPV) and negative predictive value compared between the diagnostic 

methods such a study of Sutay et al., (2017) which were compared between GeneXpert and 

smear microscopy for detection of MTB in children and revealed that 100% specificity and 

PPV for both genexpert and AFB smear microscopy and the sensitivity of GeneXpert was 

approximately three times higher than AFB smear microscopy and NPV of GeneXpert is also 

higher as compared to AFB smear microscopy. Their study concluded that the genexpert was 

a better diagnostic test as compared to smear microscopy and can significantly reduce false 

negatives and the delay in treatment initiation (Pandey et al., 2017; Sutay et al., 

2017).According to the present finding, the GeneXpert was considered the gold standard 

test which has a higher sensitivity than AFB smear microscopy in respiratory samples require 

several minutes to perform diagnosis of patients with high clinical suspicion of PTB and 

agreed with  Agrawal et al., (2016).The accuracy of TB diagnostic test requires a quick test 

with high specificity and sensitivity (sensitivity 100%, specificity 98.8%) and easy to perform 

such as the molecular test like GeneXpert which had been used as gold standard test to 

compare with other methods  for routine diagnosis (Elhassan et al., 2016). 

 

2.2 Diagnosis of Extra pulmonary tuberculosis infections 

A total of 40 patients suffering from extra pulmonary tuberculosis cases on the basis 

of clinical findings in the present study that found the specimens type were: 18(45%) lymph 

nodes, 7(17.5%) pleural effusions, 6(15%) bone and joints and 9(22.5%) others,as shown in  

figure (5). 

 
Figure (5): Clinical distribution of Extra pulmonary tuberculosis 

Groups             
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Figure (5) Showed that lymph nodes is most common in Extra pulmonary 

tuberculosis, this result agreement with (Khosravi et al., 2017) that found The lymph nodes 

were the most frequent specimens (26%), followed by bone biopsies.In other a study of Al-

Ghafli et al., (2019) that found the Lymph node (58.1%) was the most commonly reported 

site of infection followed by gastrointestinal system (18.7%), central nervous system (9.6%), 

bone and joints (5%) and urogenital systems (4.5%) respectively. There were different rare 

infection-sites such as blood, pericardial, oral, skin and soft tissues that together comprised 

4.5% of the total enrolled cases.Along with most previous studies, we found that the two 

main infection sites were lymph nodes and pleural. In a study in the USA, lymph nodes 

followed by pleural and osteoarticular were the main infection sites. Lymph nodes were also 

the most common site of EPTB in several studies from Saudi Arabia (Al-Hajoj et al., 2015). In 

the European Union, most countries showed a higher prevalence of lymphatic TB as the first 

site including The Netherlands (39%) and the United Kingdom (37%), whereas pleural TB was 

seen in Poland (36%) and Romania (58%) as the most prevalent form (WHO,2020).However, 

compromised host-immune system (e.g. due to synergism of HIV and MTB infections) 

increases the risk of more serious TB manifestations such as concurrent extra-pulmonary TB 

(EPTB) (a clinical presentation of TB that entitles the dissemination of mycobacterial bacilli in 

both pulmonary and extra-pulmonary sites). This is largely due to failure of host-immune 

system to enclose Mycobacterium tuberculosis (MTB) bacilli within lung parenchyma. EPTB 

diseases may emerge at one particular body site or at multiple body sites even with no sign 

of PTB-concurrency (e.g due to re-activation of previous TB infection). Non-concurrent EPTB 

is very challenging at diagnosis and treatment, albeit of its lower infectious potential 

(Forssbohm et al., 2008). Probably, due to individual weakness of the immune system and 

macrophage dysfunction, the bacteria can spread between tissues through body fluids such 

as blood and lymph (Krishnan et al., 2017). 

Conclusions  

The comparison between advance technique Gene X-pert and classical technique 

AFB and culture  for the diagnosis of MTB, show that genetic technique is the best with high 

sensitivity, and specificity. 
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