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Abstract

The laboratory diagnosis of tuberculosis (TB) represents a continuous challenge due to the
variability and complexity of the required clinical samples. Although molecular technologies
have considerably improved diagnostic accuracy, their combined use with traditional methods
like microscopy and bacterial culture remains a subject of debate. This study aims to compare
the performance of microscopy, bacterial culture on Lowenstein-Jensen medium, and the
molecular Xpert MTB/RIF test in diagnosing pulmonary and extrapulmonary TB. In this
retrospective study, conducted over a period from January 2016 to January 2023, data were
collected from pulmonary TB and extrapulmonary TB samples of patients hospitalized in the
pneumonology departments of the Bihor County Emergency Hospital. The study included
1796 patients, of whom 85.2% had samples collected from the respiratory tract. The variability
of sensitivity and specificity depending on the type of sample indicates the need for a
differentiated approach in diagnosis. The results show that the Xpert MTB/RIF test detected a
higher number of positive cases (16%) compared to microscopy (9%) and bacterial culture
(15%). Statistical analysis revealed a high sensitivity and specificity of Xpert MTB/RIF,
suggesting superior accuracy compared to traditional methods. Our conclusions underline the
importance of the Xpert MTB/RIF as a valuable tool in the diagnosis of TB, but it is
recommended to use it in combination with other methods to ensure a complete and efficient

diagnosis.
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Introduction

Tuberculosis (TB) remains a major global public health issue. According to the 2024 Global
Tuberculosis Report by the World Health Organization, approximately 10.8 million people
developed TB in 2023, corresponding to an incidence rate of 134 cases per 100,000
population [1]. Although the number of TB-related deaths decreased from 1.32 million in 2022
to 1.25 million in 2023, the disease has once again become the leading cause of death from a
single infectious disease, surpassing COVID-19. Notably, 6.1% of TB cases were recorded in
people living with HIV [2]. The disease typically affects the lungs but can also affect other
areas. Without treatment, the mortality rate due to TB disease is high (approximately 50%)
[3,4]. These data highlight the need for ongoing and intensified efforts in the prevention,
diagnosis, and treatment of tuberculosis worldwide.

The COVID-19 pandemic significantly affected the TB care system, reducing testing and
reporting of cases due to disruptions in services and restrictions on patient movement, which
led to an increase in TB-related deaths [5]. Similarities in the behavior of the two infectious
agents had serious consequences. Efforts concentrated on combating SARS-CoV-2 weakened
control over TB, slowing progress in the fight against this disease [6]. New methods for
diagnosing TB have reached a crossroads: their development, evaluation, and implementation
have been severely affected by the diversion of resources due to SARS-CoV-2. However,
promising technologies, especially non-invasive ones that do not require sputum, could
facilitate efficient screening and rapid confirmation of TB at the point of care. Nevertheless,
the progress of these tests is slow and will take years before they are available to patients and
health workers [7].

The diagnosis of TB is based on chest radiography, smear microscopy, and bacteriological
culture. Smear microscopy has variable sensitivity, detecting only 60-70% of cases.
Examination of smears stained by the Ziehl-Neelsen (ZN) method, based on visualization of
acid-fast bacilli, can provide rapid results in less than 30 minutes. Additionally, approximately
25% of TB cases are extrapulmonary forms, which are often missed by smear microscopy. In
most laboratories, smear microscopy is the main method used for diagnosing TB. Conventional
culture requires several weeks for the growth of Mycobacterium tuberculosis, and sputum is
the preferred specimen [8]. The quality of sputum is essential for an accurate bacteriological
diagnosis of pulmonary tuberculosis (PTB). A good-quality sputum sample is crucial for
obtaining correct and reliable results in the diagnosis of TB and the laboratory establishes
appropriate criteria for specimen collection, thus ensuring optimal test performance [4,9].
Solid medium culture using colony-forming units is widely considered to be the gold standard

for determining the number of viable organisms in a specimen or experimental condition, but



it is labor-intensive and has a long turnaround time [10]. However, bacterial culture is a
challenging method due to the slow growth rate of Mycobacterium tuberculosis and the need
for laboratories with biosafety level three [11]. Modern clinical microbiology laboratories have
various methods that allow rapid and accurate diagnosis of tuberculosis.

Polymerase chain reaction (PCR)-based methods developed in recent decades have
significantly improved and accelerated the diagnosis of TB; however, such methods require
specific configuration of the molecular diagnostic laboratory but provide results in two hours.
The need for simpler PCR systems has been addressed with the real-time PCR system Xpert
MTB/RIF (Cepheid, Sunnyvale, CA, USA), a simple point-of-care test that can simultaneously
detect Mycobacterium tuberculosis and the main mutations associated with rifampicin
resistance [12,13].

For certain categories of patients, Xpert MTB/RIF offers greater sensitivity in diagnosing TB such
as people with HIV compared to sputum smear microscopy, reducing the time to diagnosis
and treatment, which improves TB treatment outcomes [14]. This molecular diagnostic tool
can identify the presence of at least 100 microbes/ml of tested suspension in vitro. However,
the use of Xpert MTB/RIF to detect TB in samples that do not originate from the respiratory tract
is recognized as being outside the officially established indications, a process often referred to
as "off-mark" [15].

There is no standard approach for laboratory diagnosis of TB or evaluating the performance of
diagnostic tests, where multiple microbiological tests are often performed on different clinical
samples. In the absence of a perfect gold standard that has both high sensitivity and high
specificity, there are other options to diagnose TB. We aimed to evaluate the accuracy of
different laboratory tests for diagnosing TB, taking into account the type of clinical sample
used, for three methods frequently used for diagnosing mycobacterial infections: ZN stained

microscopic examinationy, cultivation on L} medium and Xpert MTB/RIF.

Materials and Methods

In this retrospective study, conducted from 2016 to 2023, data were collected from PTB and
EPTB samples from patients hospitalized with suspected TB in the Pneumology Departments
and from those who attended the specialized outpatient clinic of the Bihor County Emergency
Clinical Hospital. Respiratory samples included sputum (spontaneous and induced), bronchial
aspirate, bronchoalveolar lavage, and tracheal secretion. Non-respiratory samples included
gastric aspirate, cerebrospinal fluid (CSF), biological fluids (pleural fluid, peritoneal fluid,

synovial fluid, pericardial fluid), and purulent secretions.



Sputum samples were collected from patients in a sterile 30 ml container with a screw cap,
containing 3—-5 ml of sample. Between 10% and 85% of individuals suspected of pulmonary
TB cannot produce sputum, depending on age and stage of the disease [16]. In cases where
the patient could not expectorate, induced sputum samples were collected through inhalation
of hypertonic saline aerosols (5-10% NaCl solution), which irritate the respiratory tract
sufficiently to provoke coughing and expectoration [17]. The collection of bronchial aspirate
samples was performed in the specialized bronchoscopy department using fiber-optic
bronchoscopy by qualified personnel. For biological fluids (pleural, synovial, ascitic, and
pericardial fluid), processing was per-formed on an approximate volume of 8-10ml of
aseptically collected sample [18].

For microscopic examination, the ZN staining was used. Bacterial cultures performed for
Mycobacterium tuberculosis on L} medium. Sputum samples were processed with a solution
of N-acetyl-L-cysteine (NALC) and sodium hydroxide (NaOH) for 15-20 minutes for
decontamination [19,20]. For molecular diagnosis, we used Xpert MTB/RIF, a method based
on PCR.

To evaluate the general performance of microscopy, PCR, and culture according to the types
of samples we measured sensitivity (SE), specificity (SP), as well as positive and negative
predictive values (PPV and NPV). These measures were calculated using culture for
Mycobacterium tuberculosis as the gold standard method for diagnosing TB in respiratory and
non-respiratory samples.

Calculations were performed and analyzed with Microsoft Excel and R software. The Kappa
coefficient (Kappa) was applied to evaluate the degree of agreement between the methods
used. A value of the Kappa 0 indicate poor agreement, 0.01-0.20 as none to slight, 0.21-0.40
as fair, 0.41-0.60 as moderate, 0.61-0.80 as substantial, and 0.81-1.00 as almost perfect
agreement [21]. To compare the difference in paired data between the tests analyzed, the
McNemar test was used for correlated proportions. A McNemar value < 0.05 was considered
to indicate statistical consistency between their results.

Area under the Receiver Operating Characteristic curve (AUC) was calculated to evaluate the
performance of diagnostic methods against the reference standard using the RStudio "pROC"
package. Values 0.5 AUC < 0.6 show very low diagnostic value, 0.6  AUC < 0.7 demonstrate
low diagnostic value, 0.7 AUC < 0.8 show moderate diagnostic value, 0.8 AUC < 0.9
demonstrate considerable diagnostic value, and 0.9 AUC show excellent diagnostic value
[22].



Results

Our study included 1,796 samples, which were divided into two categories: respiratory
samples (n=1,531, 85.2%) and non-respiratory samples (n =265, 14.8%). Respiratory samples
included sputum (n=587, 32.7%), induced sputum (n=3834, 46.4%), bronchial aspirate
(n=98, 5.5%), bronchial lavage (n=6, 0.3%), oropharyngeal secretion (n=1, 0.1%), and
tracheal secretion (n =5, 0.3%). Non-respiratory samples were gastric aspirate (n =173, 9.6%),
CSF (n=37, 2.1%), biological fluids (n =44, 2.45%), and grouped purulent secretions (n =11,
0.6%). As can be seen, most samples were included in the respiratory samples category.
Most individuals tested were men, representing 59% of total cases (1,059 patients), compared
to women, who constituted 41% (737 patients). These data indicate an increased prevalence
of suspected TB cases among men.

Most individuals tested for TB are adults, representing 73% of the total (n=1,318), while 27%
of patients are under 18 years old (n=478). The average age of patients is 39 years, with a
minimum age of 1 month and a maximum age of 91 years.

The evaluation by age groups and type of sample shows high positivity rates for respiratory
samples, regardless of the diagnostic laboratory method. Apparently, in the [20,40) age group,
the positivity rates were higher for the non-respiratory culture samples and the [80,100) group
for the molecular test, but the number of tests is small (Supplementary Table 1).

The LJ culture results were considered the gold standard. Positive respiratory samples
represented 92.67%, but also from the respiratory group a high percentage were negative
(71.15%). The Xpert MTB/RIF test detected 292 positive cases (16%) and 1,504 negative cases
(84%). Among the positive cases 93.83% were respiratory.

Data from Supplementary Table 2 provides an overview of the performance of microscopic
examination compared to culture for respiratory and non-respiratory samples. For all samples,
the SE is relatively low (55.68%), but the SP is very high (99.41%), and the PPV and NPV
values are high, indicating good performance of the microscopic test in most cases
(Supplementary Table 2).

Among respiratory samples, sputum shows the best SE of 69.70% and a SP of 98.68%,
suggesting good performance of the microscopic test. By comparison, other respiratory
samples have a SE of 60% and SP of 99%, with a Kappa of 0.6821, indicating substantial
agreement between the two methods.

Among non-respiratory samples, the performance of microscopic examination compared to

culture showed that gastric aspiration had the best performance, with a SE of 16.67%, but



maximum SP and PPV of 100%. Other non-respiratory samples such as biological fluids had
low SE (12.50%) and SP (100%), with PPV of 100% but lower NPV (83.72%,.

Supplementary Table 3 presents the performance of the Xpert MTB/RIF compared to the culture
as reference method for various biological specimens. The overall accuracy is 95.82%, the
Kappa indicates as almost perfect agreement agreement (0.8425), and the McNemar test shows
a significant difference (p = 0.0370).

For other respiratory samples, although the test is highly sensitive and specific, there is a
significant proportion of false-positive results. The NPV is 100%, indicating that all negative
results of the Xpert MTB/RIF are accurate (Supplementary Table 3).

We considered culture and microscopic examination as a composite reference standard and
compared the results of Xpert MTB/RIF, as shown in Supplementary Table 4. The overall
performance for all samples shows a SE of 99.34%, SP of 91.42%, NPV of 99.93%, Kappa of
0.6401, and McNemar test with p <0.001.

The performance of the Xpert MTB/RIF on various non-respiratory samples, such as CSF,
showed that there are no statistically significant differences between the positive and negative
results of the two tests, but these results should be interpreted cautiously due to small sample
sizes.

The performance of Xpert MTB/RIF in relation to the composite reference standard varies
depending on the type of sample analyzed. Gastric aspiration and respiratory samples exhibit
high SE and SP, although the PPV is variable. Considering the NPV is extremely high for all
types of samples (approximately 100%), the Xpert MTB/RIF proves to be particularly useful in
ruling out negative patients. This aspect is important in the context of rapid clinical decisions,
allowing medical staff to focus on the treatment of patients with positive results.

The AUC values for microscopic examination and Xpert MTB/RIF in relation to culture were
0.775 (moderate diagnostic) and 0.9333 respectively and the AUC for Xpert MTB/RIF in

relation to composite reference standard was 0.9538 showing an excellent diagnostic (Figure

1).

Discussion

TB primarily affects the lungs but can also involve other organs, manifesting as EPTB,
continuing to represent a significant threat to public health [23]. In the context of this global
challenge, TB remains a major cause of mortality, especially in resource-limited regions and
the diagnosis of EPTB remains a significant challenge, given that current tests with limited

accuracy in detecting this form of the disease [24].



In our study, we observed most prevalence of TB in men and in the 25-44-year age group,
which represented 50.7% of cases. These findings are consistent with other studies that
highlight significant variations according to sex and age [25,26]. Another study confirmed a
high prevalence of TB in young people aged 3-16 years and in individuals between 31-60
years, suggesting a higher risk for these age groups [27].

The laboratory diagnosis of TB is based on a combination of different microbiological tests that
can be performed on various types of clinical samples. In non-respiratory samples, which
represented 14.75% of the total, gastric aspirate was the most frequent (9.6%), followed by
pleural fluid and CSF (2.1% each). Many patients with non-respiratory samples were children
aged 0-10 years, mainly girls, and men between 30-40 and 50-60 years.

Although the smear method with ZN staining is cheap and quick, it has reduced SE and SP,
being unable to distinguish between Mycobacterium tuberculosis and non-tuberculous
mycobacteria. The reduced SE of the smear leads to a significant number of false-negative
results, especially in cases with a low bacterial load. The detection threshold is high for smear
(>10,000 CFU/ml) and Xpert MTB/RIF (130-150 CFU/ml), while for culture, the threshold is
low (10-100 CFU/ml) [28]. The SP of microscopic examination is very high across all types of
samples, often exceeding 99%, indicating an excellent ability to correctly identify negative
samples in our study. SE varies significantly depending on the type of sample, being highest in
the case of sputum (69.70%) and lowest in CSF (0%). The positive predictive value is high in
most cases, meaning that a positive result in microscopic examination has a high probability
of being confirmed by bacterial culture. The NPV is moderately high, but the low SE in some
non-respiratory samples suggests that a negative result does not always exclude the presence
of infection. The Kappa indicates a substantial level of agreement between microscopic
examination and bacterial culture in respiratory samples, but decreases significantly in non-
respiratory samples. Due to its high SP and PPV, microscopic examination can be extremely
useful in clinical scenarios that require rapid diagnosis and samples with negative results can
undergo additional tests, such as culture, for confirmation. Therefore, microscopic
examination is more effective when integrated into a diagnostic algorithm that includes culture
confirmation. This is especially crucial for non-respiratory samples, where the SE of
microscopic examination is lower, and the risk of false-negative results is higher.

Culture is considered the gold standard for diagnosing TB, having high SP but with the
disadvantage of a prolonged time to obtain results and the need for specialized laboratory
infrastructure, limited to reference centers [29]. In a study, 250 sputum samples from patients
suspected of TB were analyzed by Xpert MTB/RIF technique and the solid culture. The results

showed that 30 samples (12%) were positive by culture, while 17 samples (6.8%) were positive



by Xpert MTB/RIF and these data highlight a higher SE of the culture method compared to
Xpert MTB/RIF [14]. Although the overall Kappa indicates a high concordance between Xpert
MTB/RIF and the reference culture in our study, the lower value for gastric aspirate (0.7603)
suggests specific challenges with this type of sample. The distribution of results across sample
types shows that sputum and induced sputum have the highest number of positive results (123
and 96, respectively), which may suggest a higher prevalence of infection in these samples or
increased test efficiency in detecting infections in the lower respiratory tract. This trend of
positive results may influence the use and interpretation of the test, depending on the
prevalence of infection in the tested population.

The Xpert MTB/RIF exhibits very high SE and SP across all types of samples. Maximum
sensitivity (100%) is observed in secretions and other respiratory samples, indicating an
excellent ability to detect positive cases. Both the positive and negative predictive values are
high, suggesting that the test is reliable for confirming as well as excluding the diagnosis of TB.
A Kappa above 0.8 in most categories indicates a substantial level of agreement between the
Xpert MTB/RIF and bacterial culture.

Evaluating the performance of the three methods on different types of samples, we identified
notable variations in terms of sensitivity and specificity. Our findings demonstrated that the
Xpert MTB/RIF test has superior SE and SP compared to smear microscopy. In our study, the
Xpert MTB/RIF demonstrated a SE of 89.74% and a SP of 96.91% for respiratory and non-
respiratory samples, while microscopic examination presented a SE of 55.68% and a SP of
99.41%. These results underline the superiority of the Xpert MTB/RIF in detecting
Mycobacterium tuberculosis, offering a greater capacity to identify positive cases compared to
traditional microscopy, which can miss a significant number of infections due to its reduced
SE. Our findings are generally consistent with another comparative study that evaluated the
performance of the GeneXpert test, smear microscopy and conventional culture. Xpert
MTB/RIF achieved an SE of 100% and a SP of 99.5%, compared to a SE of 57.3% and SP of
99.5% obtained by AFB smear microscopy [30]. Although the SE reported in our study is
slightly lower for non-respiratory, the SP of the test remains high, indicating consistent
reliability in avoiding false-positive results.

The performance of the Xpert MTB/RIF test for the diagnosis of tuberculous meningitis was
inferior to that for PTB and inferior compared to other non-pulmonary samples. In our study,
Xpert MTB/RIF presented a SE of 75% and a SP of 100% in CSF, demonstrating lower SE
compared to the culture method. However, a study conducted by Mai and Thwaites
highlighted that, despite its low SE, the Xpert MTB/RIF played a significant role in the diagnosis

of tuberculous meningitis [31].



Xpert MTB/RIF demonstrates excellent SE (over 98%) when compared to the composite
standard, being significantly more effective than microscopic examination in detecting positive
cases, particularly for respiratory samples. Its SP, around 90%, reflects a strong ability to
exclude negative cases; however, false-positive results remain a challenge, especially for non-
respiratory samples.

There are some limitations in our study. First, data are provided from one single hospital from
Romania, which may not represent other regions and we didn’t follow the patients after testing.
Some sample groups (e.g., CSF) were small creating interpretation difficulties.

According to type of sample, in case of extrapulmonary samples, three cases undetected by
the Xpert MTB/RIF were identified through culture on L) solid medium. Although culture is
more sensitive than microscopic examination, the percentage of negative samples remains
significant, underscoring the need for additional diagnostic methods for more accurate
detection of EPTB.

Second, obtaining adequate samples often requires invasive procedures, and poor sample
quality can limit the SE of laboratory tests [32]. The paucibacillary nature of the disease
presents another challenge, as the low bacterial count in samples reduces the SE of traditional
methods such as ZN staining and L) culture [33-35]. Additionally, although Xpert MTB/RIF is
an advanced technology, its sensitivity in detecting EPTB ranges from 60-80%, leading to false-
negative results in cases of pleural or meningeal tuberculosis [24].

In our study, we found that SE and SP are essential factors in the diagnosis and confirmation
of EPTB. The ZN microscopic examination, with a SE of 69.70% in sputum samples, proves
useful for screening, identifying the majority of positive cases. Its high SP (> 99%) reduces the
risk of false-positive results, making it ideal for confirming the diagnosis.

The Kappa (0.685) in respiratory samples indicates substantial agreement between microscopy
and culture, supporting the use of microscopy as an initial test for rapid diagnosis. In sputum
samples, this combination of SE and agreement confirms the efficiency of microscopy in
identifying PTB cases. However, in non-respiratory samples, such as CSF or gastric aspirates,
the low SE of microscopy limits the detection of EPTB. In these cases, complementary methods

such as culture or Xpert MTB/RIF are indispensable for an accurate diagnosis.

Conclusions

The tests evaluated demonstrated good performance in diagnosing PTB and EPTB across
various types of biological samples. Overall, Xpert MTB/RIF exhibited high SE and SP,
indicating an excellent ability to correctly identify both positive and negative cases. Despite

some limitations of the Xpert MTB/RIF—particularly concerning PPV for certain types of



samples—it remains a valuable tool for rapid and precise clinical diagnosis. Our findings
highlight the need to adopt diagnostic methods based on the sample type. To achieve complete
and accurate diagnosis and treatment of the disease, the complementary use of additional

methods, such as bacterial culture and other molecular tests, is essential.
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Figure 1. ROC curve for microscopic examination, Xpert MTB/RIF analysis. A) AUC for
microscopic examination, Xpert MTB/RIF relative to culture; B) AUC for Xpert MTB/RIF

relative to composite reference standard.
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