
Open Access 

 1                                                                         Pakistan Journal of Medical Research, 2026 (January-March) 

 

Pak J Med Res 

Vol. 65, No. 1, 2026 
 

Koch’s Disease to Cartridge-Based Precision: The 
Evolving Diagnostics of Tuberculosis 

 

Muhammad Kashif Munir 
National Institute of Health, Health Research Institute, TB Research Centre KEMU/Mayo Hospital, 

Lahore. 
 

n 24
th 

March 1882, Robert Koch stood before 
the Physiological Society of Berlin and 

announced the discovery of Mycobacterium 
tuberculosis (M. tuberculosis). That moment marked 
the turning point when a mysterious, hindering 
illness was finally recognized and defined as a 
specific infectious disease and laid the scientific 
foundation for diagnosis, control, and, eventually, 
hopes for elimination. More than a century later, 
World TB Dayis observed 24

th
March every year, 

more beyond a discovery; it reminds us that the 
battle against Koch’s disease is still being fought 
and that diagnostics remain the frontline weapon.

1
 

The history of tuberculosis (TB) diagnostics 
is, in many ways, the history of microbiology itself. 
From microscopy and culture to molecular assays 
capable of detecting resistance to multiple drugs 
within hours, the journey reflects the convergence of 
science, technology, and public health urgency. 
Following Koch’s discovery, Ziehl and Neelsen 
refined staining methods that made acid-fast bacilli 
visible under a light microscope. For decades, 
sputum smear microscopy remained the 
cornerstone of TB diagnosis, especially in resource-
limited settings. Despite the shortcomings, 
microscopy established a critical principle: TB could 
be diagnosed by directly seeing the organism, 
anchoring TB control in laboratory confirmation 
rather than clinical suspicion alone.

1
 

The development of culture techniques, 
particularly Lowenstein Jensen medium and later 
liquid systems, brought a leap in sensitivity and 
specificity. Culture allowed confirmation of viable 
organisms and, crucially, enabled drug susceptibility 
testing. However, M. tuberculosis is a slow grower. 

In an infectious disease where delays translate into 
ongoing transmission and mortality, this remained a 
major operational challenge.

2
 Nevertheless, culture 

became the reference standard against which all 
new diagnostics were judged.

1
 

Chest radiography, tuberculin skin testing, 
and later interferon-gamma release assays 
contributed valuable supportive information but did 
not replace bacteriological confirmation. The true 
paradigm shift began with nucleic acid amplification 
technologies. Polymerase chain reaction (PCR) 
enabled direct detection of mycobacterial DNA from 
clinical samples. However, early PCR-based tests 
were complex, required sophisticated laboratories, 
and were not easily deployable at scale in high-
burden settings.

2
 

This changed dramatically with the 
introduction of cartridge-based nucleic acid 
amplification tests, most notably the GeneXpert 
MTB/RIF assay in 2010. For the first time, a near 
point-of-care test could detect M. tuberculosis and 
rifampicin resistance in under two hours with 
minimal hands-on time. It was automated, 
standardized and required limited technical 
expertise

2
. GeneXpert transformed TB diagnostics 

by addressing a critical gap: rapid detection of 
rifampicin resistance as a proxy for multidrug-
resistant TB (MDR-TB).

3
  

As TB programs expanded testing, a new 
reality emerged. Detecting rifampicin resistance 
alone was insufficient. Isoniazid monoresistance, 
fluoroquinolone resistance, and resistance to 
second-line injectable drugs were increasingly 
recognized as significant barriers to effective 
treatment. The management of drug-resistant TB 
required more detailed resistance profiles than 
earlier assays could provide. 

Line probe assays (LPAs) addressed part of 
this need by detecting mutations associated with 
resistance to isoniazid, rifampicin, fluoroquinolones, 
and injectables. However, LPAs required 
sophisticated laboratory infrastructure, trained 
personnel, and strict quality assurance, limiting their 
use in decentralized settings. The evolution 
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continued with GeneXpert Ultra, which improved 
sensitivity, particularly in smear-negative, pediatric, 
and extrapulmonary cases

1
. Yet the most significant 

recent milestone has been the introduction of 
GeneXpert MTB/XDR. This assay detects 
resistance not only to rifampicin and isoniazid but 
also to fluoroquinolones, ethionamide, and second-
line injectables markers critical for identifying pre-
XDR and XDR-TB.

4
 

GeneXpert XDR represents a culmination of 
decades of diagnostic evolution: a rapid, cartridge-
based test capable of delivering an expanded drug-
resistance profile within hours. It brings 
sophisticated molecular insights to settings where 
culture and conventional DST are impractical or too 
slow. For high-burden countries grappling with drug-
resistant TB, this is transformative. Early 
identification of resistance patterns enables 
clinicians to initiate appropriate regimens promptly, 
reduces amplification of resistance, and improves 
patient outcomes.

5
 

The WHO End TB Strategy emphasizes 
early diagnosis, recognizing that delay leads to 
empirical treatment, allows transmission to continue 
and ensures the epidemic persists, making modern 
TB control increasingly diagnostics. Decisions on 
regimen design, infection control, and public health 
interventions now hinge on rapid laboratory 
confirmation.

6
 The shift from smear-based to 

molecular-first algorithms in many countries 
illustrates how diagnostics have moved from 
supportive tools to central pillars of TB control.

7
 

World TB Day on 24 March is not merely 
historical remembrance. It is a reminder that the 
spirit of Koch’s discovery characterized by scientific 
clarity in the face of a deadly disease must guide 
current efforts. The tools have changed, but the 
mission remains the same: identify the organism 
quickly, understand its behavior, and interrupt 
transmission. In 1882, seeing the bacillus under a 
microscope was revolutionary. In 2026, identifying 
its genetic mutations and resistance patterns within 
a cartridge is the new revolution. Both serve the 
same purpose: bringing certainty to diagnosis and 
speed to action. 

Despite remarkable advances, challenges 
remain. Access, cost, maintenance, and quality 
assurance limit the reach of advanced diagnostics in 
remote and underserved areas.

5
 Integration with 

digital reporting systems, supply-chain reliability, 
and training of personnel are as important as 

technological innovation. Future directions include 
portable molecular platforms, sequencing-based 
diagnostics, and integration of artificial intelligence 
with radiology and clinical data. Yet, even as we 
look ahead, the arc from Koch’s microscope to 
GeneXpert XDR reminds us of progress in TB 
control has always been driven by better 
diagnostics. 

The story of TB diagnostics is a story of 
persistent refinement from staining bacilli to 
decoding genomes. Each step has brought us 
closer to faster, more accurate, and more actionable 
information. 
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