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Abstract                                                                                                                                                  

Background: Tuberculosis (TB) causes more mortality than any other microbial disease. In 

spite of significant advances in prevention and drug treatment, TB still remains a major public 

health threat. It is estimated that one third of the world population is infected with this disease. 

Each year, 8 million people worldwide develop active TB and 3 million die. Hence there is a big 

need for a rapid, sensitive, and more specific method for diagnosis and effective treatment.   

Objective: To perform cytological and molecular detection of Mycobacterium tuberculosis 

among patients resident in Makkah Al Mukarramah Region.                                                                                                                                                                                                                                                        
Materials and methods: Fifty fresh, unfixed, tissues biopsies were collected in sterile 

containers and stained with Hematoxelin & eosin (H&E) and Ziehl-Neelsen (ZN) stains. Each 

specimen was divided into two parts: one was sent directly for mycobacterial culture and the 

other part was fixed in 10% formalin and then sent for histopathology. From each paraffin-

embedded tissue block, 25-µm-thick sections were formalin-fixed and subjected to a polymerase 

chain reaction (PCR)-based assay for detection of Mycobacterium tuberculosis (Myco. TB).              

Results: Results detected by regular methods as follows: Of the 50 histological specimens, 

acid-fast bacilli (AFB) stain was positive in 17(34%), TB-culture was positive in 30(60%), 

histological examination was positive in 26(52%) and TB-PCR was positive in 32(64%).  When 

done comparatively to the culture for MT, PCR for MT DNA in 50 tissue samples was 100% 

sensitive and 90% specific, having a positive predictive value of 93.75% and negative predictive 

value of 100%. Regular methods include AFB stain sensitivity was 50.0% specificity was 90.0% 

positive predictive value was 88.23% negative predictive was 54.54% value, histological 

examination sensitivity was 80.0% specificity was 90.0% positive predictive value was 92.3% 

negative predictive value was 75%.                                                                                                                                          

Conclusion: PCR technique was particularly useful in diagnosis of TB when the disease was 

clinically suspected, and histological and/or other diagnostic test results were doubtful.  
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Introduction   

TB is one of the oldest diseases known to man. It has re-merged stronger in both developed and 

developing countries. In developed countries, the number of TB cases had declined, but they are 

now reappearing again. In developing countries, TB really never disappeared, but the rates are 

now increasing faster. Suggestions for the cause of the high incidence of TB in Makkah Al 

Mukarramah Region (Saudi Arabia) include exposure of the local population to expatriate 

workers, illegal immigrants and pilgrims traveling to Makkah. Each year around two million 

pilgrims from all parts of the world pass through Jeddah on their way to Makkah to perform 

Hajj; most are from poor countries with a high prevalence of infectious diseases such as TB.                       

In microbiology, the regular methods of diagnosis of TB depend on demonstration of AFB and 

TB cultures. In terms of histopathology, the diagnosis depends on microscopic examination and 

TB can be diagnosed only as "chronic granulomatous inflammation, suggestive of TB " on a 

routine surgical pathology report.                                                                                                                  

These regular methods for TB diagnosis lack sensitivity and specificity. Some of these traditional 

methods require weeks before results are produced and sensitivity is low when specimens 

contain only a small number of organisms. In terms of histopathology the diagnosis depends on 

microscopic examination and TB can be diagnosed only as "chronic granulomatous 

inflammation, suggestive of TB " on a routine surgical pathology report. There is a need for 

rapid and sensitive detection of MT in tissue specimens. Several methods for DNA and RNA 

amplification have been shown to be sensitive and specific for rapid detection of MT in sputum 

and other body fluid samples. These methods provide several advantages over culture, including 

confirmation of the presence of MT within 1 to 3 days as compared with 2 to 6 weeks with 

culture techniques. The use of DNA amplification for detection of MT in formalin-fixed, 

paraffin-embedded tissue samples would be useful for patients in whom diagnosis depends on 

tissue examination rather than detection of MT  in body secretions.                                                                       

Makkah Region is thought to have a higher frequency rate and to show a different 

epidemiological pattern than other areas in Saudi Arabia due to the large number of visitors who 

enter through seaport and airport of Jeddah; in addition to the high number of immigrants. A 

recent report has shown that TB was the most common cause of pneumonia requiring 

hospitalization among the pilgrims in Makkah Al Mukarramah.                                                         

The stained smear of sputum, sputum culture, histopathology and chest radiography remain the 

principal tools used by most clinicians for the diagnosis of pulmonary TB. Some of these 

traditional methods require weeks before results are submitted. Several methods for DNA and 

RNA amplification had been shown to be sensitive and specific for rapid detection of 

Mycobacterium TB in sputum and other tissue samples. These molecular tools can be used for 

the confirmation of isolates and direct detection of gene sequences.                                                                         

In this study PCR and conventional methods were performed for detection of mycobacterial TB 

in histological sections in Makkah Al Mukarramah Region (Saudi Arabia).  
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Materials and methods 
 

This was a qualitative, prospective, hospital-based, analytical, descriptive, and cross-sectional 

study. Specimens were collected from Saudi and non-Saudi patients with pulmonary tuberculosis 

presentations and attending various hospitals in Makkah Al Mukarramah Region (Saudi Arabia).  

The study was conducted during the period from 2003 to 2006. Population studied covered males 

and females at different age groups. The software used for the analysis of data was the Statistical 

Package for Social Sciences (SPSS) program (version 14). For categorical variables, proportions 

were compared by the Chi-square test as appropriate. The means and medians of the continuous 

variables were compared by Student’s t test program depending on the sample distribution. 

Frequencies, percentages, tables and graphs were used for presentation of the data. 

Confidentiality of information obtained from participants investigated was maintained. Consent 

of the participants was taken before being enrolled in the study. Laboratory results of specimens 

collected were handed to all participants included in the study or dispatched to physicians 

treating those participants for prescription. Permission to collect the specimens was obtained 

from Saudi local Health authorities at Makkah Al Mukarramah. Approval to run the study was 

taken from Al Neelain University (Khartoum). Complete information regarding risk factors, if 

any, was handed to all participants under the study without concealment.                                                  

Sampling was a non- probability purposive sampling type, and sample strategy was convenience                         

where participants were chosen on the basis of accessibility. The sample frame was participants  

with tuberculous. Sample size was fifty, fresh, unfixed tissue biopsies. Demographic and clinical 

data were collected from all participants using a structured questionnaire with a written informed 

consent. The tissue biopsies were collected in sterile containers. They included: 8 lung biopsies, 

2 brain biopsies, 6 skin and subcutaneous tissue biopsies , 25 lymph node biopsies, 2 urinary 

bladder biopsies, 4 biopsies from each liver and gastrointestinal tract tissues, and 3 biopsies from 

each spleen, bone, and bone marrow tissues. Lowenstein-Jensen (LJ) medium was used as a solid 

medium for culturing the specimens. H&E was used as a cytology stain; and ZN stain was 

performed to confirm the identification of Mycobacterium tuberculosis. Ethanol (absolute) and 

xylene were employed for fixation and mounting of specimens.                                                                                                                                                                                                              

As soon as received,  each tissue specimen was divided into two parts: one part was sent directly 

for mycobacterial culture, and the other part was fixed in 10% formalin and subjected to for 

cytological investigation.                                                                                                                                        

Cytology: The other tissue part was labeled in a cassette, and processed by the TissueTek VIP 

(2000) machine for histopathological investigation. This processing included fixation in 10% 

neutral formalin for 3 hours, dehydration in ethanol (at 50%, 70%, 80%, 95%, and 100%) for 

two hours, clearing in 3 changes of xylene each for two hours, and impregnation in 3 changes 

paraffin wax at 60°C each for two hours. Then each sample was embedded and blocked in 

paraffin wax. From each block, thin sections about 4 μm in thickness were cut using a sterile 

blade for each block. The blade was cleaned with 100% ethanol after each sectioning to prevent 

carryover tissue contamination. All sections were de-waxed by heating, transferred into xylene 

solution for about 15 minutes (3 changes). They were transferred into 100% ethanol for 10 min.          
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 (2 changes). All sections were de-waxed by heating and then transferred into xylene solution for 

about 15 minutes (3 changes). Then transferred into 100% ethanol for 10 min (2 changes). The 

sections were hydrated by transferring into 95%, 80%, 70%, 50% ethanol, then by distilled water 

each for 5 minutes. All sections were stained with Harris Haematoxelin for 5 minutes and 

differentiated with 3% acid alcohol, washed and exposed to running tap water for 10 minutes. 

The sections were stained with 1% aqueous eosin for 2 minutes then were dehydrated into 

ascending alcohol starting from 50%, through 70%, 80%, 95% till 100% (2 changes); each step 

was for 2 minutes. These sections were cleared into xylene solution (3 changes) for 15 minutes. 

All these steps were performed by Sakura Drs-601 Automatic Slide Stainer. Finally, sections 

were mounted with D.P.X and examined by a histopathologist.                                                                             

ZN staining: All sections were de-waxed, transferred to xylene solution and ethanol; then 

hydrated by ethanol and distilled water. They were then stained in a pre-heated solution of carbol 

fuchsin for 15 min. and washed by running cold tap water for 3 min. Sections were differentiated 

in 3% acid alcohol until no more colour runs from the slide, and then washed briefly in water to 

remove acid alcohol. Next, they were counterstained with 0.25% methylene blue in 1% acetic 

acid for 15 to 30 sec. All sections were then washed in water, dehydrated in ascending alcohol 

(as above), cleared with xylene and mounted in DPX. A known positive and negative control 

sections were used and stained at the same time and with the same procedure.                    

Culture:  The tissue culture part was homogenized in one mL sterile water. 500 µl of the 

homogenized sample was inoculated onto two tubes of LJ medium and incubated at 37°C for up 

to 8 weeks.                                                                                                                                                        

PCR procedure: From each paraffin-embedded tissue block, 25-µm-thick sections were cut with 

a microtome blade. To prevent carryover tissue contamination of the samples, the microtome 

blade was cleaned with acetone and 100% ethanol after sectioning each sample. The paraffin 

from each tissue section was extracted using xylene and 100% ethanol. The tissue was digested 

at 55°C for 12-14 h in 500 µl solution containing proteinase K, Tris-HCl, ethylenediamine 

tetraacetic acid, and Tween 20. The proteinase K was subsequently inactivated by heating the 

reaction mixture at  95° C for 10 min. Mycobacterial cell lysis was achieved by the freeze-thaw 

method, and the liberated DNA was extracted with a Gene Clean kit (BIO 101, La Jolla, CA), 

according to the manufacturer's instructions. The purified DNA was suspended in 50 µl sterile 

deionized water.                                                                                                                                                               

For amplification, 50 µL of the neutralized specimen was added to 50µL of the master mix 

reagent. The latter contains uracil N-glycosylase, which allows safe pre-PCR enzymatic 

decontamination of deoxyuridine-containing PCR products, nucleotides, biotinylated primers, 

Taq DNA polymerase, and a synthetic internal control. The internal control nucleic acid (DNA 

plasmid) contains primer-binding regions identical to those of the Myco. tuberculosis target 

sequence and a unique probe-binding region that differentiates the internal control from 

amplified mycobacterial target nucleic acid. The internal control is introduced into each 

amplification reaction and co-amplified with the possible target DNA from the clinical samples. 

In Cobas Amplicor MTB test, the internal control is used at a concentration of 20 copies/test 

sample to indicate that amplification was sufficient to generate a positive signal from targets 

present at the limit of test sensitivity. The internal control is included in each sample tested to [[[ 
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identify specimens containing substances that may interfere with PCR amplification.                                             

Quality control:  All samples were handled under sterile conditions and prepared in a safety 

cabinet under a UV lamp. The control samples included known-positive and known-negative 

formalin-fixed, paraffin-embedded tissues processed in an identical manner and under the same 

conditions as the test samples. The positive control for PCR was formalin-fixed paraffin-

embedded tissue from lymph nodes that was both AFB and TB culture positive and that 

produced a 188–base pair PCR product. The negative control sample was formalin-fixed, 

paraffin-embedded tissue that showed no features of granulomatous inflammation and was AFB 

negative and TB culture negative. Additional negative controls included substitution of distilled 

water for the test template and a previous test sample that had yielded negative results. 

Results: 

Out of the 50 patients investigated, 29 (58%) were males and 21 (42%) were females. The 

positive tuberculosis cases were 16 (32%) males and 14 (28%) females.                                                                  

Also, out of the 50 patients investigated, 30 (60%) were Saudi patients and 20 (40%) were non-

Saudi patients. The positive tuberculosis cases were 17 (34%) Saudi patients and 13 (26%) non-

Saudi patients.                                                                                                                                                          

Furthermore, out of the 50 specimens investigated, acid-fast bacilli (AFB) were found in 17 

(34%) cases and TB-culture was positive in 30 (60%) cases. Histological examination revealed 

26 (52%) positive TB cases, and PCR technique revealed 32(64%) positive TB cases (Table 1).  

Table (1): Frequency rate of TB cases as detected by                                                                                            

ZN stain, culture, histopathology and PCR methods 
 

 

Result 

AFB stain TB-culture Histopathology  PCR 

No % No % No % No % 

Positive  17 34 30 60 26 52 32 64 

Negative  33 66 20 40 24 48 18 36 

Total  50 100 50 100 50 100 50 100 

 

 

On the other hand, the acid-fast bacilli stain was positive in 15 of the 30 positive TB-culture 

samples and positive in 2 of the 20 negative TB-culture samples. The histological examination 

was TB positive in 24 of the 30 positive TB-culture samples; and positive in 2 of the 20 negative 

TB-culture samples. Also, PCR examination revealed positive TB cases in all 30 positive TB-

culture samples; and positive in 2 negative TB-culture samples. The latter two negative samples 

were collected from lung tissue of patients who had been sputum culture-positive long time ago.  
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 Results of AFB stain, histopathology sections, and PCR method were correlated together on 

taking TB culture as a gold standard. The AFB stain showed: sensitivity 50%, specificity 90.0%, 

positive predictive value (PPV) 88.23%, and negative predictive value (NPV) 54.54%. The 

corresponding figures for histopathology sections and PCR method were: 80.0% and 90.0%, 

92.3% and 75.0%, 100% and 90.0%, and 93.75% and 100% respectively (Table 2). 

Table (2): Correlations of AFB stain, histopathology, and PCR results 
 

 

Correlation findings 

 

AFB stain 

 

Histopathology 

 

PCR 

 

Sensitivity 50.0% 80.0% 100% 

Specificity 90.0% 90.0% 90% 

PPV 88.23% 92.3% 93.75% 

NPV 54.54% 75% 100% 

 

Discussion  

The regular methods for diagnosis of TB require weeks before results are produced, and 

sensitivity is low when samples contain only a small number of organisms1. So early detection 

and rapid identification of Mycobacterium tuberculosis is required for achieving optimal and 

correct patient management. TB-PCR DNA amplification had been shown to be sensitive and 

specific for detection for Mycobacterium tuberculosis, and can provide much help in these 

circumstances. These methodologies can detect Mycobacterium tuberculosis in sputum and 

tissue samples even though the tissues had been preserved in formalin2 .                                        

Many reports had confirmed that PCR amplification in formalin-fixed paraffin-embedded tissue 

detects TB DNA when only few genomes are present3.                                                                         

The present study applied the PCR and conventional methods for detection of Mycobacterium 

tuberculosis in 50 histological sections. Out of 50 histological samples investigated, AFB stain 

was positive in 17(34%), TB-culture was positive in 30 (60%), histological examination was 

positive in 26 (52%) and TB-PCR was positive in 32 (64%). Morsi and his colleagues (1997) 

detected Mycobacterium tuberculosis in 42.2% of patients by either by AFB stain or culture 

methods4. Perkins and his co-workers (2003) detected out of 243 tuberculous patients 49.9% 

were positive by AFB and 77.8% by culture on LJ medium5.  
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In the present study, the highest frequency rate of tuberculosis was found among males (32%). 

This was in agreement with Waleed and his co-authors6. This might be explained by the fact that 

males are usually more exposed to the risk of infection than females, and by the large number of 

males among expatriates and males may be more ready to attend medical attention7.                                                                                                                                                       

The frequency rate among Saudi patients (30%) was higher than that among non-Saudi patients 

(26%). This finding was in agreement with the results found by Mohammed and his colleagues8  

who reported that the frequency rate among non-Saudi and Saudi patients was (85.8%) and 

(87.3%) respectively. Also Feisal9 reported that the frequency rate of non-Saudi to Saudi patients 

was 27 per 100000 and 9 per 1000000 respectively.                                                                              

Furthermore, in the present context the PCR was used for determining the Mycobacterium 

tuberculosis IS6110 sequence. This sequence is a repetitive mobile genetic element and is a good 

target for diagnosis because of its specificity and its presence in high copy numbers in most 

strains of Mycobacterium tuberculosis10. However, a recent report showed that some 

Mycobacterium tuberculosis strains do not contain the IS6110 insertion sequence in their 

genomes, which may explain a reduced sensitivity of PCR11. Although it was believed that, 

Mycobacterium tuberculosis PCR was a reliable method for the diagnosis of Mycobacterium 

tuberculosis in routinely processed, formalin-fixed and paraffin-embedded histological samples, 

the application of this method has several limitations, including DNA structural changes due to 

prolonged formalin fixation12.                                                                                                                              

Also in the present study, the LJ medium was used for Mycobacterium tuberculosis culture. In 

spite of its slowness, this classical medium is still a sensitive method and more practical than 

other similar media.                                                                                                                                     

Although there is an evidence that Mycobacterium tuberculosis DNA amplification method is 

more sensitive than Mycobacterium tuberculosis culture13 especially in extra pulmonary 

specimens, culture is still the gold standard14. Of the 50 patients 30 samples Mycobacterium 

tuberculosis culture positive. All of these 30 samples were PCR positive, with a sensitivity of 

100%, a specificity of 90%, a positive predictive value 93.75%, and a negative predictive value 

100%. These findings were almost similar to those reported by Diaz and co-workers15 who 

examined 64 tissue samples and found that PCR amplification was 100% sensitive and 100% 

specific. The specificity of the PCR method (90%) found in our study was in agreement with that 

of  Salian and his colleagues16 who got a sensitivity and a specificity of 100 % and 93% 

respectively.                                                                                                                                                                

As regard the results of AFB stain, 15 were found positive in positive TB-culture and 2 were 

found positive in negative TB-cultures. These two were TB-PCR negative while the 15 AFB 

stain positive, were also TB-PCR positive. This can be explained by the presence of infection of 

Mycobacterium species other than MT. When compared to the TB-PCR, the sensitivity of AFB 

stain was significantly low(50%); while its specificity was high (92.3%), suggesting that the 

AFB stain is less sensitive but when positive, it is very specific and comparable to the TB-PCR 

and TB-culture results. The sensitivity and specificity of TB-PCR technique were both 100% 

when both AFB stain and culture were positive for Mycobacterium tuberculosis 16.  
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Regarding the correlation of the histological diagnosis with TB-culture, it was found that 24 

(80%) were recorded with chronic granulomatous inflammation and caseous necrosis. This was 

in consistent with TB. The sensitivity was of 80% and specificity was of 90%. These high results 

of histopathology findings suggest that, the classic histopathology features of chronic 

granulomatous inflammation are compatible with TB- PCR results10. Previous studies showed 

that, more than one third of cases with chronic inflammation but without definite granulomatous 

lesion were positive by TB-PCR10. This can be explained by the possibility of 

immnunosuppression or our small sample size.                                                                                                       

From this study it may be recommended to perform PCR method for diagnosis of TB in cases of 

small biopsy specimens or specimens collected from immunosuppressed. Also it is 

recommended to apply the PCR technique in histopathology and microbiology laboratories 

whenever TB  is suspected.                                                                                                                                  

Conclusion: The PCR technique was a reliable method to detect Mycobacterium tuberculosis 

DNA in tissue samples for a more rapid, specific and sensitive TB diagnosis. PCR technique was 

unique in detection of Mycobacterium tuberculosis in fixed histological samples. PCR technique 

was particularly useful in diagnosis of TB when the disease was clinically suspected, and 

histological and/or other diagnostic test results were doubtful. 
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