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Pop-Up Fortresses: How Your Lungs Build DIY Immune Hubs to Fight TB 

The Problem: A Battle of Entrenchment and The "Commute" 

Everyone is familiar with lymph nodes, those tender, swollen glands in your neck or 

armpits that flare up when you are fighting off a cold. In a typical immune response, 

your body’s defending cells act like commuters. When an infection occurs, they must 

travel back and forth from these distant lymph node "headquarters" through the 

lymphatic highways to reach the actual site of the infection in your tissue. 

But what happens when the invader is Mycobacterium tuberculosis (Mtb)? 

This ancient pathogen is a master of entrenchment and cellular sabotage. When 

inhaled into the lungs, TB bacteria are swallowed by macrophages (the immune 

system's garbage disposals). However, instead of being digested, the bacteria hijack 

the macrophage, neutralizing its acidic defence mechanisms and using it as a Trojan 

horse to hide deep within the lung tissue. Against such a heavily fortified and deeply 

entrenched enemy, the standard immune "commute" from a distant lymph node is 

simply too slow, too disorganized, and terribly inefficient. 

Furthermore, this explains why the century-old BCG vaccine, while highly effective for 

preventing severe disease in infants, often fails to protect adults from pulmonary TB. 

BCG is injected into the skin (usually the arm) and relies on creating standard, 

circulating immune memory. When TB attacks the lungs decades later, those 

circulating cells are too far away to mount a rapid frontline defence. Consequently, 

tuberculosis continues to claim over 1.6 million lives globally every single year. 

The Question: Can We Move the Headquarters? 

If the commute is the problem, the solution is radically rethinking immune logistics. A 

collaborative team of researchers (including scientists from the Tulane National 

Primate Research Center) set out to answer a vital question: Can a novel, inhaled 

vaccine force the immune system to abandon the "commute" and build its 

headquarters directly on the lung's frontlines before a lethal TB infection even begins? 

The Methods 

To answer this, researchers conducted an extensive study using cynomolgus 

macaques. These primates are the gold standard for tuberculosis research because 

their immune systems and lung structures react to TB almost identically to humans, 

forming the exact same complex cellular clusters (granulomas). 

Instead of giving the macaques a standard injection in the arm, the researchers 

administered a genetically modified, weakened version of the TB bacteria (a vaccine 

candidate known as MtbΔsigH) directly into their lungs via an aerosol spray. By 

simulating a natural airborne infection, they hoped to trigger a localized mucosal 

immune response. After a waiting period, the researchers challenged both the 

vaccinated macaques and an unvaccinated control group with a highly lethal, 



aerosolized dose of fully virulent TB. They then analysed the lung tissue 

microscopically to see how the immune system structurally responded to the attack. 

The Results 

The microscopic results were staggering. The vaccinated macaques didn't just fight 

off the infection; they completely rewrote their tactical blueprints. 

The researchers discovered that the aerosol vaccine triggered the local lung tissue to 

form Tertiary Lymphoid Structures (TLS), specifically known in the lungs as iBALT 

(inducible bronchus-associated lymphoid tissue). Instead of waiting for reinforcements 

to commute from the neck or armpits, the lungs built highly organized "forward 

operating bases" from scratch, right next to the infection site. 

 

Figure 1: Visualizing the Pop-Up Fortress. Microscopic fluorescent imaging of lung 

tissue reveals that macaques receiving the attenuated aerosol vaccine (left) 

successfully built dense, highly organized iBALT structures (dark clusters of immune 

cells), whereas unvaccinated macaques (right) failed to organize these local defences. 

(Adapted from Kaushal et al., Nature Communications). 

Inside these pop-up fortresses, the immune system deployed its elite forces. The 

imaging showed specialized T follicular helper (Tfh) cells intimately interacting with B 

cells. Driven by chemical flares (chemokines) released by the lung tissue, these cells 

organized into "germinal centres." You can think of a germinal centre as an elite 

microscopic boot camp. Here, the B cells rapidly learn to produce highly targeted, 

deadly antibodies against the TB bacteria right on the battlefield. 

By centralizing the command structure, the immune system successfully trapped the 

bacteria, restricted its spread, and launched an aggressive, highly localized 

counterattack. 

But did this structural change actually save the macaques? The data unequivocally 

says yes. 

 



 

Figure 2: The Tactical Advantage. Assessing the bacterial burden (Colony Forming 

Units or CFUs) within the lungs reveals that macaques capable of forming iBALT 

structures (blue/vaccine group) achieved a massive, multi-log reduction in surviving 

TB bacteria compared to unvaccinated controls (red group). (Adapted from Singh et 

al., Nature Communications). 

As the data figure shows, the macaques equipped with these pre-built pop-up 

fortresses experienced a massive drop in Bacterial Burden (measured in CFUs, or 

Colony Forming Units). The aerosol vaccine did not just slow the bacteria down; it 

practically eradicated it from the lung tissue compared to the unvaccinated group. 

The Takeaways: The Future of Mucosal Vaccines 

Why does decoding the architecture of these microscopic fortresses matter to us? It 

represents a monumental, paradigm-shifting approach to infectious disease. 

This synthesis of research proves that TB latency and infection is a complex host-

pathogen dialogue. By understanding exactly how to induce iBALT, scientists are 

paving the way for next-generation mucosal vaccines and host-directed therapies. In 

the near future, instead of an injection in the arm, you might use a simple inhaler. This 

inhaler would deliver specific vaccine adjuvants that intentionally trigger your lungs 

into pre-building these DIY fortresses before you are ever exposed to a sick person 

coughing on a bus. 

By mastering the science of Tertiary Lymphoid Structures, we aren't just fighting the 

bacteria with standard, exhaustive antibiotic regimens. We are bringing the fight 

directly to the battlefield, giving the human body the ultimate tactical advantage to stop 

tuberculosis exactly where it enters. 
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