




High-tech TB in remote Alaska

rapid TB testing & what you need to know

Ron Bowerman, MD, MPH
Yukon-Kuskokwim Delta Regional Hospital
Bethel, Alaska



Disclosures:  None



Lecture objectives

• Understand the reasons for the increased TB incidence in western 
Alaska

• What is the current practice of TB control in remote Alaska?

• How rapid TB testing technology might transform our current way of 
controlling TB in roadless Alaska and the world
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Case 1:  25 y/o male cough x3 weeks

Presented to Yukon Clinic with above c/o from a coastal 
village



Case 1:  continued

• Other Sx-purulent green sputum with streaks of blood 

• Denies-fever, weight loss, night sweats, dyspnea

• Vitals:  Afebrile, P 100, BP 121/78, RR 24

• PMHx-previously healthy, known +TST since 12 y/o, no 
LTBI tx

• CXR



RLL infiltrate, apical scarring noted



What’s next?

• A.  Discharge home on oral Augmentin, CXR f/u 6 wks

• B.  Re-check TST and f/u in clinic 48-72hrs

• C.  Admit to inpt for AFB sputum collection 
w/Airborne precautions

• D.  Discharge home on oral Augmentin & collect AFB 
sputums x3



What’s next?

• A.  Discharge home on oral Augmentin, CXR f/u 6 wks
• B.  Re-check TST and f/u in clinic 48-72hrs
• C.  Admit to inpt for AFB sputum collection 

w/Airborne precautions
• D.  Discharge home on oral Augmentin & collect AFB 

sputums x3

(actually all correct except B)



Answer is “C” 

• Since active pulmonary TB is a concern, admit on airborne isolation, 
collect 3 AFB sputum and treat likely community acquired pneumonia 
(CAP)

• 6 days later due to weekend delay, State Lab reports all 3 AFB Neg, 
MTB cultures are pending

• The patient is sent home via plane on continued CAP treatment and 
fully recovers

This patient might have been DC home with surgical face as a Bethel resident with these stable vitals and reliable



Tuberculosis
a quick review



Mycobacterium 
tuberculosis

Obligate aerobe

Facultative intracellular pathogen

Infects macrophages

Slow growing

Hydrophobicunable to gram stain

Acid-fast bacilli



CDC/Dr. George P. Kubica







Robert Koch
German physician/microbiologist

1843 (May 24) -1910

1882 discovered tubercle bacilli (also cholera, anthrax)

1896 discovered tuberculin

1905 received Nobel Prize in Medicine (for pioneering TB work)



TB, the big picture:

1/3 of the world’s population is infected

-World Health Organization, 1997







HOW CONTAGIOUS IS MTB?

http://upload.wikimedia.org/wikipedia/commons/c/cb/Mycobacterium_tuberculosis.jpg


MTB Contagious Risk*

• LTBI:  by definition no risk

• Active Extrapulmonary:  no risk

• Active Pulmonary: low risk (usually)

*assumes normal immuno-competence



MTB Contagious Risk

• Most exposure is from low levels-over time

• Most people can naturally defend from at least 100 
MTB molecules (without skin-test evidence)

• Non-Coughing children pose (almost) no threat

• Once a risk is known, those in contact wear N-95

• Patient should only wear normal surgical mask to 
prevent risk around them

• TB medications usually “sterilize” in 2 wks



Quick Alaska Tuberculosis History*

• AD 400: St. Lawrence Island, frozen remains with anatomic TB signs

• AD 1500:  Barrow, frozen remains with anatomic TB signs

• 1900:  most common cause of death in Alaska Natives

• 11/1953:  ANMC opens in Anchorage (300 of 400 beds for TB)

• 12/1957:  YK-Delta INH (controlled double-blind) field trials begin

*Fortuine R. “Must we all die?”-Alaska’s Enduring Struggle with Tuberculosis. 2005 University of Alaska Press



Quick Alaska Tuberculosis History

• Western Alaska is where the first major isoniazid (INH) field trials 
(n=7,333) were conducted 60 years ago.*

• They demonstrated drug effectiveness (68% reduction TB) while 
stopping a devastating TB epidemic (25% annual TST conversion rate).

• As a result, these trials guided future United States TB control 
strategy.

*Comstock GW. Isoniazid prophylaxis in an underdeveloped area.  Am Rev Respir Dis 1962; 21: 9-27.





Current status TB Alaska

• Tuberculosis (TB) continues to be a major health concern in Alaska

• It ranks at or near the top among states, usually competing with 
Hawaii followed closely by either California or the District of 
Columbia.  

• There has been no sustained decline in the last 15 years. 



Tuberculosis Rank Order by States*

Rank Order State 2014 Case Rate** State 2013 Case Rate

1 Hawaii 9.6 Alaska 9.6

2 Alaska 8.4 Hawaii 8.2

3 California 5.5 District of Columbia 5.7

4 District of Columbia 4.9 California 5.6

CDC. Reported Tuberculosis in the United States, 2014. 
Available at:  http://www.cdc.gov/tb/statistics/reports/2014/table30.htm

*US average case rate 3.0 both 2013 and 2014
** all case rates per 100,000 

http://www.cdc.gov/tb/statistics/reports/2014/table30.htm






Current status TB Alaska

• Nowhere is this increase in TB more apparent than in rural and 
remote western Alaska

• This is a wide swath of land (approximating half the area of the state 
of Alaska) bordering both the Bering Sea on the west and the Arctic 
Ocean at the north

• High rates are again climbing despite the best public health practices. 





Current status TB Alaska

• The process by which active pulmonary tuberculosis (TB) is detected 
can be tediously slow in rural and often roadless Alaska

• Several hundred air or boat miles can separate a patient from a chest 
x-ray and/or sputum collection.  

• Additionally, the only TB reference lab in the state is many hundreds 
of air miles away albeit centrally located in Anchorage.  



Current status TB Alaska

• Under such conditions, serial acid fast bacillus (AFB) sputum samples 
may take up to a week to process.  

• This can result in either delayed onset of treatment or unnecessary 
empiric treatment calculated to both treat the patient and protect the 
community.  

• This dilemma often results in precautionary hospital isolation of a 
patient who might otherwise be able to travel home by air.



Enter a new lab test from Silicon Valley





Xpert MTB/RIF test
-cartridge-based, automatic diagnostic test

-detects DNA sequences specific to 

-Mycobacterium tuberculosis (& cmplx)

-Rifampin resistance mutations

2010 endorsed by WHO for use in TB endemic areas

2013 FDA-approved & CLIA-endorsed in the US





Xpert MTB/RIF test

• Results are from an unprocessed sputum sample

• Very low level bio-hazard

• Little technical training (CLIA moderate complexity)

• Sputumresult in as soon as 90 minutes







Xpert MTB/RIF test

• separation of TB and Rifampin resistant gene sequences

• amplification by PCR (polymerase chain reaction)

• ID by molecular beacons

• very QUICK and PORTABLE



Dr. Kary Mullis

Nobel Prize in
Chemistry 1993

delevoped PCR process



Kary Mullis, PhD receiving Nobel prize in Stockholm





http://en.wikipedia.org/wiki/File:TaqMan_Probes.jpg


GeneXpert test platforms by Cepheid









Microfluidics Technology

is a multidisciplinary field intersecting engineering, physics, chemistry, 
nanotechnology and biotechnology, with practical applications to the 
design of systems in which small volumes of fluids will be handled. 
Microfluidics emerged in the beginning of the 1980s and is used in 
the development of inkjet printheads, DNA chips, lab-on-a-chip
technology, micro-propulsion, and micro-thermal technologies. 

From Wikipedia, the free encyclopedia

http://en.wikipedia.org/wiki/Lab-on-a-chip
http://en.wikipedia.org/wiki/Lab-on-a-chip
http://en.wikipedia.org/wiki/Lab-on-a-chip
http://en.wikipedia.org/wiki/Lab-on-a-chip
http://en.wikipedia.org/wiki/Lab-on-a-chip
http://en.wikipedia.org/wiki/Lab-on-a-chip
http://en.wikipedia.org/wiki/Lab-on-a-chip


Current status TB Alaska:  this may help

• The recently FDA-approved Xpert® MTB/RIF assay (Cepheid 
Inc., Sunnyvale, CA) is rapid (<2 hours) 

• It is also highly accurate for a single unprocessed sputum 
specimen [92.2% sensitivity, 99.2% specificity for culture 
positive pulm TB}*

• This far exceeds AFB x3 microscopy sensitivity of 67.5%**

*Boehme CC, Nabeta P, Hillemann D, et al. Rapid molecular detection of tuberculosis and 
rifampin resistance. N Engl J Med 2010; 363: 1005-1015.
**Mathew P, Yen-Hong K, Vazirani B, et al.  Are three sputum acid-fast bacillus smears 
necessary for discontinuing tuberculosis isolation?  J Clin Microbiol 2002; 40: 3482-3484.



Current status TB Alaska:  this may help

• [Xpert MTB/RIF may be] a roadmap for remote healthcare settings 
in Alaska that might bridge our current TB diagnostic ability with a 
better way in the future.*

*Bowerman RJ.  The promise of rapid detection of active pulmonary tuberculosis in rural Alaska. 
Alaska Med 2015; 56:24-28.



Xpert MTB/RIF test accuracy for pulmonary TB

for single sputum samples

• Sensitivity of combined 
smear (+) & smear (-) culture-confirmed TB patients:  92.2%

• Sensitivity of smear (+) TB patients :  98.2%
• Sensitivity of smear (-) TB patients:    72.5%
• Specificity (i.e. true neg result):   99.2%

Boehme CC, Nabeta P, Hillemann D, et al. Rapid molecular detection of tuberculosis and rifampin resistance. N Engl J 
Med 2010; 363: 1005-1015.

(n=1730 suspected TB patients from five (5) centers S.Africa(2), Peru, Azerbaijan, and India)



X

X X

X

X

5 study sites noted with “X”



Sensitivity & Specificity

• Sensitivity*:  the ability of a test to find cases

• Specificity:  The ability of a test avoid false-positives & r/o Dz

• <not effected by Dz prevalence>

*the current healthcare standard for initial testing for active PulmTB, 
AFB x3, has a sensitivity = 67.5%^

^Mathew P, Yen-Hong K, Vazirani B, et al.  Are three sputum acid-fast bacillus smears necessary for discontinuing
tuberculosis isolation?  J Clin Microbiol 2002; 40: 3482-3484.



Calculations for sensitivity/specificity
single sputum for the 1341 suspected TB patients not excluded*

Dz** no Dz totals

Xpt (+) 675 5 680

Xpt (-) 57 604 661

Totals 732 609 1341

Sensitivity:  measures Xpert MTB/RIF assay ability to correctly identify Active PulmTB cases [675/ 675+57] = 92.2%

Specificity: measures Xpert MTB/RIF assay ability to correctly exclude those w/o Dz [604/609] = 99.2%

*Includes MDR-under tx, insufficient sample number or volume size, indeterminant dx, pt death `
**includes both AFB smear (+) and smear (-) who had sputum culture-confirmed active pulmTB

Boehme CC, Nabeta P, Hillemann D, et al. Rapid molecular detection of tuberculosis and rifampin resistance. N Engl J Med 2010; 363: 1005-1015.
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single sputum for the 1341 suspected TB patients not excluded*

Dz** no Dz totals

Xpt (+) 675 5 680

Xpt (-) 57 604 661

Totals 732 609 1341

Sensitivity:  measures Xpert MTB/RIF assay ability to correctly identify Active PulmTB cases [675/ 675+57] = 92.2%

Specificity: measures Xpert MTB/RIF assay ability to correctly exclude those w/o Dz [604/609] = 99.2%
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Negative Predictive Value

• Ability of the test to correctly label people who test Neg

The current healthcare standard for ruling-out active PulmTB using

AFB x3, has a NPV = 98.2%

<a decrease in Dz Prevalence will Raise the Negative Predictive Value>



Calculation for Negative Predictive Value
single sputum for 1170 suspected TB patients not otherwise excluded*

Dz** no Dz totals

Xpt (+) 551 5 556

Xpt (-) 10 604 614

Totals 561 609 1170

NPV:  ability of Xpert MTB/RIF assay to correctly label those who test NEG [604/614] = 98.4%

*Includes AFB-Neg-Sputum Cx-positive, MDR-under tx, insufficient sample number or volume size, indeterminant dx, pt death 

**includes only AFB smear (+) who had sputum culture-confirmed active pulmTB

Boehme CC, Nabeta P, Hillemann D, et al. Rapid molecular detection of tuberculosis and rifampin resistance. N Engl J Med 2010; 363: 1005-1015.

Negative Predictive Value (NPV)



Key Findings for Xpert MTB/RIF assay

• Ability to diagnose suspected TB patients

Sensitivity of a single sputum Xpert MTB/RIF assay (<2hrs):  92.2%

Sensitivity of sputum AFB x3 (1-3 days):  67.5%

• Ability to rule-out Active PulmTB

NPV* of a single sputum Xpert MTB/RIF assay:  98.4%

NPV of sputum AFB x3:  98.2%

*NPV (Negative Predictive Value) will be higher if TB prevalence is lower than the study population



GeneXpert assay platform in Alaska

• Presently YKHC-Bethel is the only regional hospital with this test

• 2 other local hospitals (road system) are capable of running the test.





Our pathway fm desire to “go live”

• Realization

• Political will + funds to purchase assay platform

• Installation

• Training personnel + test validation

• EMR build

• Go Live!



YKHC Lab Validation of Xpert MTB/RIF

State Lab sample Mycobacterium Drug Resistance MTB result RIF result

A tuberculosis cmplx SIRE & PZA detected resistant

B tuberculosis cmplx IR detected resistant

C tuberculosis cmplx SIRE detected resistant

D tuberculosis cmplx SIRE detected resistant

E tuberculosis cmplx SIRE detected resistant

F tuberculosis none detected Not resistant

G avium Not detected -

H avium/intrcell cmplx Not detected -

I gordonae Not detected -



YKHC guideline for rapid TB assay

•The TB diagnostic guideline for our area (Yukon-
Kuskokwim Delta) was reviewed for integration 
of the Xpert® MTB/RIF assay

• Our purpose was to improve TB healthcare 
while emphasizing patient benefits and cost 
savings.











Case 2:  57 y/o female with cough x1 week

Presented to ER prior to midnight with above c/o from a 
village near Bethel



Case 2:  continued

• Other Sx-fever, weight loss, but only slight sputum in AM

• Denies-night sweats, dyspnea

• Vitals:  100.5F, P 107, BP 121/78, RR 27

• PMHx-previously healthy but not feeling well-fatigued last 
2 months

• Prior TST a year ago = 0mm

• CXR





This patient is isolated in the ER to Negative Air Pressure 
(Airborne)

Sputum samples for Xpert MTB/RIF and AFB are collected

A TST is also placed

Within 2 hours (even though it is 2AM) the Lab calls with this result:





What’s next?

• A.  Discharge home on oral Augmentin, CXR f/u 6 wks

• B.  Read TST with f/u in clinic 48-72hrs

• C.  Start RIPE TB meds then admit to inpatient for more AFB sputum 
collection w/Airborne precautions with a PHN referral in the AM

• D.  Start RIPE TB meds, discharge directly home (by open-air mode) 
with surgical face mask, and refer to PHN for outpatient management
to include collection of 2 more AFB sputums



What’s next?

• A.  Discharge home on oral Augmentin, CXR f/u 6 wks

• B.  Read TST with f/u in clinic 48-72hrs

• C.  Start RIPE TB meds then admit to inpatient for more AFB sputum 
collection w/Airborne precautions with a PHN referral in the AM

• D.  Start RIPE TB meds, discharge directly home (by open-air mode) 
with surgical face mask, and refer to PHN for outpatient management
to include collection of 2 more AFB sputums

(could also be C)



Answer is “D” 

• Since vital signs are stable, this TB patient could go home by private 
vehicle with the conditions listed

• AFB sputum collection initially is still necessary for culture and 
sensitivity as well as assessing when no longer contagious once on 
therapy

• If the patient is unable to get home except by plane or is not reliable, 
admission may still be the best option.



help is near
YKHC Hospital TB Control Officers

Elizabeth Roll, MD

Mien Chyi, MD

Ron Bowerman, MD, MPH

YKHC Hospital Infection Control Nurse

vacant

Bethel Public Health

Mary Berliner, RN

and all other public health nurses



more help

State of Alaska (TB Control Officer)

Michael Cooper, MD

Curry (National TB) Center UCSF Warmline

1-877-390-6682 toll free

1-415-502-4700



TB conferences

Curry National TB Center

2-day “TB Intensive”-SEA/SFO

National Jewish Hospital

4-day TB Conference-Denver



moving forward







YKDR Hospital

YKHC Admin/Eye/Dental Clinics



Post-lecture Quiz

How many Nobel laureates were mentioned in this lecture?

• A)  1

• B)  2

• C)  3

• D)  4

• E)  none



• Koch

• Watson

• Crick

• Mullis



Thank you



“The past 10 years have seen the most 
rapid growth in new diagnostics for Mtb 

in over a century.”

Nyendak MR, Lewinsohn DA, Lewinsohn DM 2009. New diagnostic methods for 
tuberculosis. Current Opinion in Infectious Diseases 22 (2): 174-182.



Why a new Rapid TB diagnostic test?
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Why a new Rapid TB diagnostic test?

• The worldwide battle against TB going poorly

• To end TB by 2050 we need 16% annual decline

• The current decline trend is 2%

• HIV and MDR/XDR TB compounds this effort

• 1/3 of new TB cases are being missed annually

• The wait in TB dx/tx prevents early intervention

• The Xpert MTB/RIF test is highly effective, simple, 
FAST, and addresses drug resistance



Video:  new TB device



History of Xpert MTB/RIF Assay

• GeneXpert diagnostic system developed by Cepheid 
(Sunnyvale, CA)

• First deployed by USPS for rapid detection of ANTHRAX 
in mail sorting offices

Ulrich MP, Christenson DR, Coyne SR, et al. J. Appl Microbiol 2006; 100: 1011-16



Description:  Xpert MTB/RIF Assay

“It is a self-contained, fully integrated, automatic platform 
that can be used with minimal technical skills.  The 
cartridge-based system incorporates microfluidics 
technology and fully automated nucleic acid analysis to 
purify, concentrate, detect, and identify targeted nucleic 
acid sequences from unprocessed clinical samples.”

Lawn SD, Nicol MP. Future Microbiol 2011; 6: 167-82



Video:  gas



Video:  cartridge

GeneXpert Cartridge.lnk



Xpert MTB/RIF Test Endorsed

• WHO-endorsed 12/2010 as equivalent to AFB smear test for diagnosis 
of active TB

(currently in use in >87 countries)

• FDA-approved 2013

• CLIA-endorsed 2013 for general lab use



Xpert MTB/RIF test locations in PNG

Lae

Daru

Port Moresby

//upload.wikimedia.org/wikipedia/commons/3/3b/Papua_New_Guinea_relief_location_map.jpg

