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Principles of TB Treatment

CDC and WHO-recommended TB treatment consists of 4 drugs: 
isoniazid (INH), rifampin (RIF), ethambutol (EMB), pyrazinamide (PZA)
The goals of multidrug tuberculosis therapy are threefold: 
• TB killing: rapidly reduce the number of actively replicating bacilli, 

thereby decreasing disease severity, death, and halting transmission 
(INH, RIF, fluoroquinolones like levofloxacin/ moxifloxacin); 

• TB sterilizing: eradicate populations of persisting bacilli (can be 
dormant in granulomas) to prevent relapse after treatment 
completion (RIF, PZA); and 

• Prevent emergence of drug resistance during therapy (EMB)



Biphasic Decline in Viable Bacteria during Treatment for 
Tuberculosis.
• Panel A shows the time course of decline of 

viable Mycobacterium tuberculosis in a sputum sample 
from a patient being treated for tuberculosis. The 
number of bacteria declines at a rapid rate during the 
early phase of therapy (blue curve), with a less rapid rate 
of decline during the later phase (red curve). The 
biphasic pattern that is observed (black dashed curve) 
suggests that there are bacterial subpopulations that 
differ in their drug susceptibility. CFU denotes colony-
forming units. Panel B shows two proposed explanations 
for this differential response: persistent bacilli and 
persistent disease. The first explanation is that bacteria 
in a replicating state (blue) are more susceptible to 
drugs than are bacteria in a nonreplicating state (red), 
which can persist despite drug treatment. The second 
explanation is that some bacilli are sequestered in thick-
walled granulomas, where antibiotics are not able to 
reach them, resulting in persistent disease.

Horsburgh et al. N Engl J Med 2015;373:2149-216



Practices in TB treatment
• Standard initial regimen: INH, RIF, EMB, PZA
• Once susceptibility known to at least INH and RIF EMB is stopped
• PZA is continued for 60 doses – no benefit with longer duration  

• If cavitary disease or < 60 doses of PZA, treatment duration extends from 6 to 9 months 
to reduce risk of relapse.

• Non-standard drugs if mono resistance or drug intolerance:
• Fluoroquinolones (levofloxacin or moxifloxacin)
• Linezolid
• Amikacin
• Cycloserine
• If needed, bedaquiline and/or pretonamid

• Treatment duration can extend to 18-24 months depending on the final drugs 
in the regimen



2024 SF TB Cases
Total:  92 active cases 
(incidence 11 per 100,000)
• Median age: 64 years (range 0-94)
• Predominantly patients born in 

China, Vietnam, Philippines, 
Central America

• 65 (71%) had  ≥ 1 comorbid 
medical condition

    -Diabetes mellitus: 19 (21%)
    - Immunocompromised status: 

12 (13%), including HIV: 2 (2%)

TB case median age, 2008-2024
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Challenges of Treating TB in Older Persons
• More co-morbid illnesses
• Polypharmacy and drug-drug interactions with rifamycins
• Decreased renal function--> dosing challenges
• Decreased hepatic function
• Dementia/cognitive decline

• Difficulty with following instructions during screening exams (vision, 
hearing, neurologic)

• Challenges in identifying/reporting side effects

• Increased risk of adverse events/hepatotoxicity

*Hosford JD et al. Tuberculosis (Edinb). 2015 March ; 95(2): 112–122 , Shu CC et al.  Int J Tuberc Lung Dis 2013; 17(7):934–939, Hagiya H et al. Epidemiol Infect. 2018 Nov 9;147:e38.



Clinical Case
• 79 year old female from Philippines
• PMH:  diabetes, rheumatoid arthritis, chronic kidney disease
• Presented to the hospital with fever, chills, cough x 1 month, weight loss 

x 6 months and worsening back pain for one year
• Medications:  metformin, infliximab (TNF inhibitor), prednisone 10 mg qd
• No prior TB exposure
• Does not smoke, drink or use drugs
• Lives with husband, son, and 2 and 4 year old grandchildren

• Husband recently received a kidney transplant
• Son in treatment for opioid addiction, taking methadone



Radiology

Chest X-ray shows  
multiple nodules 
in the right lung 
and miliary TB 
“millet seeds” 
throughout



Radiology

Chest CT:  
• Innumerable lung nodules
• Large right upper lobe nodules. 
• Pathologic fractures in the spine 

at L1 and L3. 



Spine imaging
Spine MRI
• Bony infection in the 

lumbar L-spine area in 
multiple consecutive 
vertebral bones and 
the vertebral disc 
spaces

 



Microbiology studies

Date Smear GeneXP Culture

Day #1 sputa( (induced) Numerous positive Positive, no RIF 
resistance

Pending

Day #2 sputa (home) Numerous positive Pending

Day #3 sputa (home) Negative Pending



Hospital course
• Day #1: Started on INH daily, RIF daily, EMB 3X/week, PZA 3X/week
• Day #5: Complaining of nausea and poor appetite, liver function tests have 

increased to 3X upper limit of normal (ULN)
•  All TB meds held.
• By day #9, symptoms are improved and liver function tests are improving 

(<2X ULN)
• Patient is rechallenged with RIF x 3 days EMB x 3 days INH x 3 days.  

• Liver function tests return to normal  
• PZA is thought to be the cause of liver injury
• A 4th drug, levofloxacin, is added



Hospital course
3rd week of hospitalization:
• Patient is taking her TB medications (INH, RIF, EMB, Levofloxacin) 

and appetite improved
• Smears: few AFB positive
• Cultures are still no growth to date
• Liver function tests: normal
• White blood cell count has declined since starting TB medications 

from 8,000 to 1500 (normal 3700-10,000)
• Most likely cause of patient’s low white blood cell count is 

rifampin, which is held.  



San Francisco 5-year review
N=373 (132 > age 65 years)
• 35% (46% > 65 years) developed 

moderate/severe* adverse events
• PZA: ~20% (~30% > 65 years)

• No longer routinely recommended in elderly in 
Japan, Seattle

• Rifamycin: ~13.5% (~17% > 65 years)
• INH: ~9% (~12% > 65 years)

• 26-30% required first line drug 
discontinuation, and started a second 
line drug (FQ or linezolid)

• FQs associated with AEs in ~40% (all ages)

• Adverse event(s) associated with 
treatment up to 3.8 months longer

*Moderate/severe= unable to perform  normal daily activities or 
hospitalized



Hospital Course and Contact Investigation

• Day #30: Patient doing well on INH, EMB, and Levo
• Patient is requesting to be discharged home 

• Good appetite, no fever, but still coughing
• Anxious because she is going on a family cruise to celebrate her 80th birthday in a 

month
• Before discharge home, everyone in the household is assessed as part of 

the contact investigation
• Husband and son born in the Philippines
• Both with positive interferon gamma release assay (IGRA) diagnosed with latent TB
• Started on INH for latent TB treatment
• Cannot take rifampin because of drug-drug interactions with their current 

medications.
• The two grandchildren test negative by IGRA for latent TB.



Microbiology studies, day #30
Date Smear GeneXP Culture

Day #1 (induced) Numerous positive Positive, no RIF 
resistance

Culture positive for Mtb*

Day #2 (home) Numerous positive Culture positive for Mtb

Day #3 (home) Negative Pending

Day #8 (home) Numerous positive Pending

Day #10 (home) Moderate positive Pending

Day #20 (home) Few positive Pending

Day #21 (home) Few positive Pending

Day #29 (home) Negative Pending

Day #30 (home) Negative Pending

*Day #40: Mtb culture DST suggests high and low level INH resistance 



Day #46
Whole Genome Sequencing: 
INH resistance with katG 
mutation



INH and RIF resistance in California TB patients



New NTCA De-Isolation Guidelines, July 2024
Patient is now AFB smear 
negative x 3, can she be 
discharged off of isolation?
• Guidelines emphasize de-

isolation as soon as feasible 
for patient well-being and 
more efficient use of public 
health resources

• Take into account several 
factors including: 

• Initial smear positivity
• Burden of TB disease
• Clinical improvement
• TB treatment regimen



SFDPH De-isolation
 Review Form
• For de-isolation, patient 

must be on “effective” 
therapy with a multi-drug 
regimen to which “the 
organism is susceptible 
or anticipated to be 
susceptible”

• This is difficult to assess 
in practice without 
laboratory confirmation



Back to the patient, day #48

• The patient is currently only on levofloxacin and EMB (one 
bacteriocidal and one bacteriostatic drug)

• INH resistant
• PZA liver injury
• RIF leukopenia

• The patient is told that without INH and RIF, she should be switched 
to an MDR regimen with bedaquiline, pretonamid, linezolid and 
moxifloxacin (BPaLM)  

• It will take ≥14 days to obtain the bedaquiline and pretonamid 
• Patient’s treatment is held

• Advised to stay in isolation in her home while off TB medications
• Told she will have to postpone her cruise



Contact Investigation Follow-up

• The patient’s husband and son 
• Have been taking INH for latent TB treatment for ~2 months
• Switched to levofloxacin
• Advised that they will have to start over again with a 6-9 month course.

• Her two grandchildren are started on window prophylaxis with 
rifampin since they are living in the same household with a now 
presumed infectious TB patient, while the patient awaits starting 
BPaLM



The clinical usefulness of rapid molecular 
resistance testing on direct specimens for  
TB drugs cannot be overstated



Rapid molecular testing…
• Overcomes the inherent delay in culture-based drug susceptibility 

testing, which can take weeks to months—a timeframe during which: 
• Patients may receive ineffective therapy, 
• Experience worse outcomes, and 
• Continue transmitting drug-resistant strains

• Proof-of-concept: Xpert MTB/RIF Ultra significantly reduces time to 
diagnosis (0.49, 95% CI 0.39 to 0.62) and time to treatment initiation 
(0.35, 95% CI 0.21 to 0.58)

• Ideal targets: RIF, INH, PZA, fluoroquinolones, linezolid 

Otieno JA, Were LM, Lutje V, Scandrett K, Takwoingi Y, Ochodo EA. Impact of rapid nucleic acid amplification tests for tuberculosis on patient outcomes. 

Cochrane Database Syst Rev. 2025 Dec 18;12(12):CD016194.



Why multiple targets? TB regimens are not always HRZE
• Patients will be treated differently 

depending on co-morbidities, country of 
origin, and side effects

• In SF approximately 20% of patients receive a 
fluoroquinolone and ~15% receive linezolid

• Patients with chronic liver disease receive 
drugs that are less hepatotoxic (e.g., 
rifabutin, EMB, levofloxacin)

• Patients with TB meningitis or who are 
critically ill may need IV medications (RIF, 
Levo, Linezolid)

• Patients with MDR-TB may initially get 5-6 
second-line TB drugs

• Some patients want to get treatment done 
quickly  4-month regimen with INH, 
rifapentine, moxifloxacin and PZA (HPMZ)



Current Status of Molecular Resistance Testing in SF
• Only available rapid resistance  

test performed on direct 
specimens is the geneXP for 
rpoB mutations.

• WGS requires mature culture
• Average TAT for resistance 

testing by WGS in SF after 
submission: ~ 32 days (1-106), 
depending on

• Growth of adequate biomass
• Specimen quantity and quality
• Staff for packaging, shipping and 

data entry
• Courier delays (weather, etc)

• tNGS in development at CA 
state lab
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Summary
• TB clinicians are juggling multiple epidemiologic, clinical and 

socioeconomic factors when starting treatment
• The laboratory plays a key role throughout
• Early knowledge of resistance can help identify the most effective 

TB treatment regimen
• Delayed resistance testing results affects TB morbidity, mortality, 

treatment duration, isolation status, treatment of contacts and 
use of public health resources

• Even pre-knowledge of patient risk for drug resistance (e.g., with 
local or regional antibiograms for all TB drugs) would be helpful



    Thank you!



TB lab testing: progress and 
perspective

Ed Desmond , PH.D. ,D (ABMM)
Hawaii State Laboratories Division
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1990 until now: “talk story”

A cultural practice rooted in Hawaiian tradition, involving sharing 
personal experiences, history, and wisdom in a relaxed way, fostering 
connection and passing down knowledge across generations.

I want to develop three major themes as I talk story.





Why did TB decline in the first half of the 20th century?

• Improvements in living conditions
• Better sanitation and housing:
• Access to clean water, better housing, and improved living conditions 

reduced the spread of the disease.
• Improved nutrition:
• Better diets strengthened the population's immune systems, making 

them more resistant to infection.
• Reduced overcrowding:
• Initiatives like the creation of more public parks and recreational 

areas helped reduce overcrowding in cities.



Why did TB decline in the first half of the 20th century? (cont’d)
Public health initiatives
• Public education campaigns:
• After Robert Koch identified the tuberculosis bacillus in 1882, public health 

campaigns began to educate people on how the disease spread and how to 
prevent it, such as practicing good hygiene and avoiding close contact with the 
sick.

• Case finding and diagnosis:
• Doctors and public health organizations worked to find and treat cases early 

through methods like the tuberculin skin test, which was developed in 1907.
• Sanatorium treatment:
• Patients were treated in sanatoriums, where they received rest, nutrition, and 

other supportive care. Though not a cure, this helped control the disease and 
reduce transmission.

• Eradication of bovine TB:
• The eradication of bovine tuberculosis from cattle eliminated one source of 

human infection.

https://www.google.com/search?rlz=1C1ONGR_enUS1032US1032&cs=0&sca_esv=602bc0460517bd79&q=Public+education+campaigns&sa=X&ved=2ahUKEwiTw-f75quQAxXSMDQIHaBZE14QxccNegQIOBAD&mstk=AUtExfAAzv-WplbrC81TcbFvueq0ty2LpRMXkzVO-OxZGapGRQnV2sTzC8EwYiS1a6rK7QmAZkXlwvwY-jSVtbHRBe9vi7uvDJEcFl086oMaTazs6jiZSnx8xifmBsFE0OgSr04&csui=3
https://www.google.com/search?rlz=1C1ONGR_enUS1032US1032&cs=0&sca_esv=602bc0460517bd79&q=Public+education+campaigns&sa=X&ved=2ahUKEwiTw-f75quQAxXSMDQIHaBZE14QxccNegQIOBAD&mstk=AUtExfAAzv-WplbrC81TcbFvueq0ty2LpRMXkzVO-OxZGapGRQnV2sTzC8EwYiS1a6rK7QmAZkXlwvwY-jSVtbHRBe9vi7uvDJEcFl086oMaTazs6jiZSnx8xifmBsFE0OgSr04&csui=3
https://www.google.com/search?rlz=1C1ONGR_enUS1032US1032&cs=0&sca_esv=602bc0460517bd79&q=Case+finding+and+diagnosis&sa=X&ved=2ahUKEwiTw-f75quQAxXSMDQIHaBZE14QxccNegQIOhAD&mstk=AUtExfAAzv-WplbrC81TcbFvueq0ty2LpRMXkzVO-OxZGapGRQnV2sTzC8EwYiS1a6rK7QmAZkXlwvwY-jSVtbHRBe9vi7uvDJEcFl086oMaTazs6jiZSnx8xifmBsFE0OgSr04&csui=3
https://www.google.com/search?rlz=1C1ONGR_enUS1032US1032&cs=0&sca_esv=602bc0460517bd79&q=Case+finding+and+diagnosis&sa=X&ved=2ahUKEwiTw-f75quQAxXSMDQIHaBZE14QxccNegQIOhAD&mstk=AUtExfAAzv-WplbrC81TcbFvueq0ty2LpRMXkzVO-OxZGapGRQnV2sTzC8EwYiS1a6rK7QmAZkXlwvwY-jSVtbHRBe9vi7uvDJEcFl086oMaTazs6jiZSnx8xifmBsFE0OgSr04&csui=3
https://www.google.com/search?rlz=1C1ONGR_enUS1032US1032&cs=0&sca_esv=602bc0460517bd79&q=Sanatorium+treatment&sa=X&ved=2ahUKEwiTw-f75quQAxXSMDQIHaBZE14QxccNegQIORAD&mstk=AUtExfAAzv-WplbrC81TcbFvueq0ty2LpRMXkzVO-OxZGapGRQnV2sTzC8EwYiS1a6rK7QmAZkXlwvwY-jSVtbHRBe9vi7uvDJEcFl086oMaTazs6jiZSnx8xifmBsFE0OgSr04&csui=3
https://www.google.com/search?rlz=1C1ONGR_enUS1032US1032&cs=0&sca_esv=602bc0460517bd79&q=Sanatorium+treatment&sa=X&ved=2ahUKEwiTw-f75quQAxXSMDQIHaBZE14QxccNegQIORAD&mstk=AUtExfAAzv-WplbrC81TcbFvueq0ty2LpRMXkzVO-OxZGapGRQnV2sTzC8EwYiS1a6rK7QmAZkXlwvwY-jSVtbHRBe9vi7uvDJEcFl086oMaTazs6jiZSnx8xifmBsFE0OgSr04&csui=3
https://www.google.com/search?rlz=1C1ONGR_enUS1032US1032&cs=0&sca_esv=602bc0460517bd79&q=Eradication+of+bovine+TB&sa=X&ved=2ahUKEwiTw-f75quQAxXSMDQIHaBZE14QxccNegQIOxAD&mstk=AUtExfAAzv-WplbrC81TcbFvueq0ty2LpRMXkzVO-OxZGapGRQnV2sTzC8EwYiS1a6rK7QmAZkXlwvwY-jSVtbHRBe9vi7uvDJEcFl086oMaTazs6jiZSnx8xifmBsFE0OgSr04&csui=3
https://www.google.com/search?rlz=1C1ONGR_enUS1032US1032&cs=0&sca_esv=602bc0460517bd79&q=Eradication+of+bovine+TB&sa=X&ved=2ahUKEwiTw-f75quQAxXSMDQIHaBZE14QxccNegQIOxAD&mstk=AUtExfAAzv-WplbrC81TcbFvueq0ty2LpRMXkzVO-OxZGapGRQnV2sTzC8EwYiS1a6rK7QmAZkXlwvwY-jSVtbHRBe9vi7uvDJEcFl086oMaTazs6jiZSnx8xifmBsFE0OgSr04&csui=3


Why did TB decline in the first half of the 20th century? (cont’d)

Impact of the 1918 influenza pandemic

• Harvesting effect: The 1918 influenza pandemic may have hastened 
the decline of tuberculosis by disproportionately killing individuals 
who were already weakened by TB, thus removing them from the 
population and reducing the pool of infected individuals.





Why did U.S. TB cases go up in the 1980s?

The rise in new TB cases in the late 1980s and early 1990s has been 
associated with several factors, including 
• Emergence of the human immunodeficiency virus (HIV): in mid-

1980s, about 2% of TB cases were HIV+, later increasing to 20 to 30%

• Cutbacks in TB programs (subsequent slides)

• MDR-TB outbreaks.





Impact of “block grants” in the 1980s on public health funding
In the 1980s, the conversion of federal categorical grants into block grants under 
the Reagan administration had a substantial and largely negative impact on public 
health. The transition led to significant funding cuts, increases state 
administrative responsibilities, and a loss of federal oversight for many health 
services.
Reduced funding: block grants consolidated 57 federal categorical programs into 
9 block grants and slashed their combined funding by 25%.
Loss of targeted programs: The shift consolidated dozens of specific, targeted 
health & prevention initiatives into broader block grants. Programs focused on TB 
were combined into a larger stream of funds, which diluted their specific focus. 
This led to significant variations in service levels across the country.
California TB control program, 1990: 1 physician and one secretary (in a state 
with 30 million population and 5000 cases per year)



Valway, S.E., et al. Am. J. Epidemiol. Outbreak 
of TB in a New York State prison, 1991
From the abstract:
Eight HIV-positive inmates and one HIV-negative guard, who was 
immunocompromised with cancer, had multidrug-resistant 
tuberculosis. Eight died, a median of 28 days after the first culture-
positive specimen was collected.

“…laboratory delays contributed to this outbreak.”

[HAART became available beginning in 1996]



Drug susceptibility testing at CA lab when I joined it in 1990
• Culture on solid media LJ and Middlebrook agar
• DST by agar proportion method
• Rigorous QC program for drug susceptibility testing

• 1988 study demonstrated that individual lots of basal medium (such 
as Middlebrook 7H10) and supplements (OADC) can vary significantly in their 
suitability for drug susceptibility testing (DST). Study emphasized that failure 
to detect these variations through rigorous QC can lead to inaccurate drug 
susceptibility profiles.

• CA laboratory still practices rigorous QC of medium components to 
look for lot to lot variations.



Evolving technologies, need for confirmation, 
turnaround time

Year Technology Time to 
result

Need for confirmation

1990 Culture followed by agar 
proportion DST

2 months N.A. (2nd line drugs required 
an additional month)

1993 Selective broth culture followed 
by broth culture DST

1 month N.A. (2nd line drugs required 
an additional 2 weeks)

2001 Molecular beacons at CDPH for 
INH, rif

Same or next 
day

Susceptible results or results 
for other drug required 

culture. Silent mutations  
occasional false R for 

rifampin
2009/10 Cepheid GeneXpert for rifampin Same or next 

day
Same as above, no INH result



2004 Molecular beacons to detect INH/ Rif 
resistance directly in specimens
• Sensitivity for  INH resistance  83% +/-

• Positive predictive value excellent
• Negative predictive value varied based on risk factors, but averaged at 98%

• Sensitivity for rifampin resistance 98%
• Occasional false indication of resistance due to synonymous/ silent mutation
• Positive and negative predictive values good, but confirmatory testing 

required.

• Turnaround time for molecular beacons 0-1 day
• Turnaround time for confirmatory testing (broth culture) ~ 2 weeks



Screening vs confirmatory testing

• For molecular beacons testing and pyrosequencing, failure to find a 
mutation was considered to be a screening result, subject to 
confirmation by a reference method.

• Finding a mutation in rpoB  that could be a silent mutation 
(particularly position 433) was also considered  to require 
confirmation.

• Despite these limitations, the molecular screening tests resulted in 
patients with drug-resistant TB being put on appropriate therapy 
several weeks earlier (Banerjee 2010 J Clin Micro 48:3779)



Molecular detection of drug resistance means that MDRTB 
patients convert to culture negative 27 days earlier.



Molecular beacons group Probert, Lin, 
Desmond, and APHL fellows Khuong and Lo



1990s: state labs reach out to private sector

The majority of clinical specimens for suspected TB were 
cultured in the private sector or in local public health 
laboratories.
A significant portion of M. tb identification and DST was also 
in private sector laboratories.
State laboratories had different and innovative ways to 
promote use of methods that were quicker than solid medium 
culture and DST. 



1990s: state labs reach out to private sector
New York State lab: “Fast Track”-required a sample from each TB patient to 
be sent to the State lab in Albany for rapid workup that included BACTEC 
broth.
California lab: encouraged and promoted “BACTECs by mail” program.

Encouraged local public health labs to send an inoculated but unincubated BACTEC 
broth to the State lab for rapid culture, ID, DST
Collaborated with National Laboratory Training Network in putting on workshops to 
identify and encourage the use of up to date rapid methods

Wisconsin laboratory:  networking. Brought all the TB labs in the state 
together  to learn and encourage use of standard of practice methods
Texas laboratory:  laboratories  could send smear positive sediments to TX 
laboratory, where HPLC would be done to identify TB.



Snapshot: early 2000s
• TB case rate had declined by around 50% compared to peak in 1990
• Private sector had stepped up

• Becton Dickinson: Mycobacterial Growth Indicator Tube
• Cepheid  developed GeneXpert and conducted clinical trial to get FDA clearance
• Major medical centers had TB expertise and labs with up to date practices

• Public Health sector had stepped up
• TB Cooperative Agreements
• CA TB control program had gone from 2 people to ~50
• CDC-funded National TB Genotyping and Surveillance Network
• Public Health labs with rapid screening and confirmatory methods

• CA molecular beacons, CDC Molec Detect Drug Resistance (MDDR)
• Regional Centers of Excellence with TB consultation



Traditional public health adage

“Before any infectious disease is eliminated, the program to eliminate it 
will be eliminated.”

Elimination of the program is often stepwise and subtle.
Is that  kind of subtle erosion happening now?



One type of erosion

• Manufacturers of rapid diagnostic systems do not conduct the clinical 
trials required for FDA clearance in the United States

• Amount of product to be sold in USA does not lead to timely/ 
acceptable return on investment (the investment being the cost of 
the clinical trial)



What we need (but haven’t got) Cepheid GeneXpert 
Ultra: more sensitive for TB detection than MTB-Rif

Cochrane Database Syst Rev 2021 2(2) CD009593  Zifodya et al.

Pulmonary tuberculosis detection:  Xpert Ultra pooled sensitivity 
90.9% (versus Xpert MTB/RIF pooled sensitivity 84.7%)
Rifampicin resistance detection: Pooled sensitivity 94.9% for Xpert 
Ultra versus 95.3% for Xpert MTB/RIF.
Specificity of rifampin resistance detection:  99.1% for Xpert Ultra, and 
98.8% for Xpert MTB/RIF



What we also need, but haven’t got: Xpert 
MTB/XDR: quick detection of resistance to 
isoniazid, FQs, injectables, and ethionamide
Cochrane Database Syst Rev 2022 5(5): CDO14841 Pillay et al.

Drug resistance Sensitivity Specificity
INH 94.2% 98.5%
FQ 93.2% 98.0%

Ethionamide* 98.0% 99.7%
Amikacin 86.1% 98.9%

*for rifampin –resistant strains, compared with genotypic results
Other drugs: for all strains, compared with phenotypic results



Another gradual shift

Declining TB cases will affect private sector hospitals, clinics, 
laboratories.

It may become no longer cost-effective for them to maintain TB expertise or 
specialized procedures

The bulk of TB drug susceptibility testing will be done by public health 
laboratories

We’re already there.
Paradigm shift: public health laboratory  clinical laboratory



Functions of a public health laboratory

• Provide support to a health department program
• Epidemiology, contact investigation, consultation, control measures
• The majority of PH laboratory services
• Turnaround time is sometimes less critical

• Provide clinical laboratory testing to support healthcare providers
• Usually limited to situations where the private sector doesn’t provide the 

needed services
• Needs of clinicians must be met
• Turnaround times may be critical—consult with clinicians!



Evolving technologies, need for confirmation, turnaround time, 
cont’d

Year Technology Time to result Need for confirmation

2013 Pyrosequencing for INH, 
rif, injectables, or 
fluoroquinolones

Next day Susceptible results, or 
results for other drugs

2016 Whole genome 
sequencing

1 month 
(including growing 

culture)

If novel mutation found or 
heteroresistance suspected

2016 Targeted next generation 
sequencing initial studies 

(INH, rif, injectables)

4-11 days If novel mutation is found or 
for other drugs

Feb 
2023

CDC MDDR services 24 
amplicons, 15 genes, 12 

drugs

8 days Novel mutation



Clinical laboratories often use algorithms
Available TB lab methods

Method Advantages Disadvantages

Acid-fast microscopy Quick, cheap, indicates 
infectivity

 sensitivity

Real time PCR Quick, gives info about drug 
suscept

May not be as sensitive or 
specific  as culture or NGS

tNGS (targeted next gen 
seq)

Quicker than WGS Difficult to validate and 
maintain supplies

WGS Reliability Turnaround time too slow 
for clinical application

Culture and phenotypic DST Detect heteroresistance 
and or phenotypic effects 
of novel mutations

May take 3 weeks, 
problems with EMB & PZA



Algorithms, cont’d
Algorithms can be based on risk factors/ clinical history

Problem: patient may not be aware of or communicate risk factors to health 
care provider
Health care provider may not communicate  presence or absence of known risk 
factors to laboratory

Algorithms based on preliminary results or screening tests
Example: real time PCR results may indicate need for further rapid testing.
INH/ rif molecular beacons could indicate need for tNGS

What should the screening tests be?



Possible screening tests/ algorithms

• INH molecular beacons assay developed by CA laboratory?
• Would need to be a laboratory-developed test
• INH-resistant cultures or specimens are common and should be easy to collect
• Lin, S-Y G. J Clin Microbiol 2004 42(9):4204-08

• Follow up with rifampin real time PCR
• Cepheid GeneXpert MTB/Rif (FDA cleared)
• California molecular beacon LDT (same reference as above)
• If no indication of INH resistance, then detection of an rpoB mutation becomes 

suspect, affirming need for sequencing

• tNGS for pyrazinamide? pncA gene and promoter
• Could this be a follow up screen if TB is detected along with R to INH +/- Rif?



tNGS is a limited resource: when should it be 
used?
• When MDRTB is suspected?
• Patient exposed to MDRTB case, patient has been treated before, 

patient is from an area with high incidence of DRTB, patient is 
suffering relapse after initial treatment success

• Does laboratory know any of this information?

• When a screening method indicates drug resistance?

• Answer should be developed in collaboration with local TB clinicians 
and TB control program



Is targeted NGS accurate enough?

• Offers better depth of coverage than WGS
• More likely to detect heteroresistance (important for fluoroquinolones)

• Phenotypic/culture-based testing has its problems
• Reproducibility of  PZA and ethambutol testing is poor.

• Knowing which mutation is present can be linked to prediction of MIC
• No laboratory test is perfect; accuracy of tNGS is comparable to other 

methods



TB genotyping

IS6110 RFLP and spacer 
oligonucleotide typing

Matches taken together with pretest 
probability could confirm 
epidemiologic linkage or cross-
contamination events



Laboratory role in utilization of genotyping by 
TB control program and laboratories
• TB control programs can vary greatly  in their ability to understand 

and use genotyping results
• Public health lab can be very useful in explaining and helping with 

understanding of the uses and limitations of WGS

• Genotyping can guide investigations into suspected laboratory cross-
contaminations

• Scenario: specimens were processed in the same batch in a BSC but patients 
have no epi connection

• Lab may have a questionable practice such as: 
• Using a common buffer flask for pouring  phosphate buffer  for neutralization
• Including a positive control in each test batch



Investigating and advising re lab practices when 
there has been an apparent cross-contamination
• Experienced PH lab staff member visits lab that has a suspected cross- 

contam
• Observe practices and recommend improvements



International projects—much cause for modesty

• U.S.-affiliated Pacific Islands most effective measure was a local expert 
(Vasiti Uluiviti)

• North Korea—with  Christian Friends of Korea,WHO, Nuclear Threat 
Initiative, Bay Area TB Consortium, Stanford University built, equipped, 
trained national TB reference lab  

• Foreigners now excluded, NTRL now questionable  

• With WHO: USA collaborative team develops international TB lab 
consultants manual

• WHO gives completed draft to international team, which completely rewrites it
• Final rewritten product not used by anybody
• Many thanks to USA team: publication in Clin Micro Newsletter 2014 36(16) 123-28
• Z. Berrada, R. Ferguson, K. Lewis, S. Liska, W. Murtaugh, E. Rider, D. Warshauer, C. Peter



Teaching acid-fast 
microscopy in 
U.S. affiliated 
Pacific islands



Democratic 
Peoples Republic 
of Korea



My three themes
1. For TB, your lab is a clinical lab. Communicate with your TB 

clinicians and find out what they need from you. Turnaround time is 
a goal, and an algorithm involving rapid screening methods may be 
called for.

2. Diminishing lab/clinical/epi programs for TB could lead to a 
resurgence of this dreaded disease. Fight  for retaining resources! If 
companies don’t get FDA clearance for needed test systems, 
develop them yourself as LDTs (in consultation with your clinicians).

3. Reach out  to local and private sector laboratories. Promote use of 
up to date rapid and accurate methods. Provide reference services. 



TB drug susceptibility R & D team

TB clinicians in 
Janice Louie’s 
back yard

TB lab team with multinational origins
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