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ABSTRACT
In a remote region of western Alaska where tuberculosis (TB) incidence remains relatively high, a 
rapid molecular detection assay (Xpert MTB/RIF) was introduced four years ago with goal of 
improving the ability to diagnose active pulmonary tuberculosis (TB).  Our aggressive testing 
programme was intended for all patients acutely evaluated for pulmonary TB at our regional 
hospital and multiple clinics over a large area. All 223 consecutive patients evaluated for active 
pulmonary TB were tested with Xpert MTB/RIF (Xpert) per our protocol of which 192 (86.1%) had 
at least one additional (paired) sputum sample collected for standard acid-fast bacilli (smear) 
microscopy and culture. Fourteen patients eventually became culture-positive for Mycobacterium 
tuberculosis (MTB), all but one having initially tested positive (MTB detected) by Xpert (sensitivity 
92.9%). All remaining culture-negative individuals had tested negative (not detected) by Xpert 
(specificity 100%). By contrast, smear microscopy sensitivity and specificity was 64.3% and 98.9% 
respectively.  This represents the addition of four active TB patients detected by Xpert over 
smear. In remote regions, the ability of Xpert to quickly and reliably detect TB while determine 
which patients are not contagious represents a huge healthcare savings as in most cases these 
patients will not require hospitalized isolation.
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Introduction

It is not debated that “ … TB remains a serious public 
health issue in the circumpolar region … ” [1] and Alaska 
is no exception [2] with its tuberculosis (TB) incidence 
(2019 provisional rate 8.1 per 100,000) [3] among the 
highest in the USA (U.S). In particular, western Alaska 
(sub-divided into Northern and Southwest regions) 
[Figure 1], bordering the Bering Sea with primarily indi-
genous populations, has been most affected with rates 
up to eight times that of the above reported Alaska rate. 
Western Alaska is where US Public Health Service isonia-
zid field trials first demonstrated preventive efficacy dur-
ing the last century [4], which not only helped bring 
a devastating TB epidemic to a close but also helped to 
guide future US treatment strategy.

As demonstrated in the developing world [5], the Xpert 
MTB/RIF assay (Xpert), based on polymerase chain reaction 
methodology, is a quick and reliable on-site diagnostic TB 
assay (sensitivity 90.4%, specificity 98.4% [6]). Even prior to 
approval by the US Food and Drug Agency (FDA) [7,8], its 
use in remote Alaska was considered a promising new 
strategy to more efficiently diagnose active pulmonary TB 
when combined with the standard acid-fast bacilli (smear) 
microscopy and culture [9]. This new efficiency of adding 
a highly sensitive test with timely results in a remote setting 

added clarity to suspected TB patient management. Prior 
to the advent of Xpert, the first lab confirmation (smear 
microscopy) of TB could take up to a week to process at our 
one centralised State Lab hundreds of miles away in 
Anchorage due to transportation distance and weekend 
lab closure. With the advent of on-site Xpert results, the 
diagnostic picture becomes much clearer. If TB is detected, 
appropriate treatment and isolation is started often at the 
“point-of-care”. If not initially detected but later found to 
have TB by culture, at least the patient is presumably not 
a contagious threat while awaiting culture results. Also, the 
patient is not unnecessarily respiratory isolated, often at 
a great expense with loss of liberty. In a non-remote area, 
this would not be such an issue.

Prior to use of Xpert, it would not be unusual for 
suspected TB patients to be unnecessarily confined-a 
valid human rights issue and at times a great expense- 
for up to a week while awaiting central lab results that 
might determine treatment and community intervention.

In 2016, this new Xpert rapid testing technology was 
added to the TB programme administered by our health-
care system based in Bethel, Alaska involving our regional 
hospital plus 46 clinics of various size in greater than 50 
surrounding village communities over an area larger than 
the state of Washington. What follows is our experience 
over the programme’s first 3 years.
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Methods

Sputum samples were collected for testing with Xpert 
from all patients who presented at risk for active pul-
monary TB during the study period from 2016 to 2019 
as part of our standard best practices TB control pro-
gramme modelled after the Centres for Disease Control 
and Prevention (CDC) guidelines [10]. Any Xpert testing 
done as non-acute was excluded from the study.

Prior to Xpert testing, this newly FDA-approved 
rapid TB assay, with its in-house hospital turn-around 
time of 2 h, was integrated into our Adult TB Guideline 
(Guideline) [9]. Concisely, this new Guideline recom-
mended collecting paired sputum samples (one for 
Xpert, one for smear/culture) initially for all acutely 
suspected TB patients (determined by standard risk 
factors in our Guideline) in the hospital or village 
clinic, regardless of chest x-ray (CXR) capability, fol-
lowed by two more consecutive sputum smear/culture 
samples. Based on the Xpert result, any continuation 
of respiratory isolation, need of travel or treatment 
was considered with this new clarity of the patient’s 

diagnosis using Xpert technology. All other standard 
testing and patient management were carried out as 
before (including eventual CXR if not initially done 
when able to travel safely, usually by small plane) per 
CDC recommendations.

A minimum of one paired sputum for both Xpert 
(test processed only at lab of local hospital in Bethel) 
and smear microscopy with culture (tests only done at 
State Lab in Anchorage), with the goal of at least two 
more smear/culture samples over the next 48-h period, 
was a programme requirement for patients presenting 
to our service unit chronologically per our Guideline. 
For the purpose of the study, an active pulmonary TB 
diagnosis was based solely on the sputum culture 
results regardless what Xpert or other testing technol-
ogy available at the State Lab. No other body fluids per 
FDA mandate were tested with Xpert and no TB clinical 
diagnoses without positive culture was included in the 
study. Also, any incidental TB diagnosis or diagnosis of 
a resident elsewhere traced back to our area was not 
included in the study.

All sputum samples tested for Xpert were done in 
the local hospital by trained laboratory technicians. 
Those samples collected in the hospital were processed 
on the same day while those collected in the village 
were usually delayed until the next day due to required 
air transportation (in our roadless area) to the lab in 
Bethel. Since smear/culture sputum samples collected 
were only processed at the centralised State Lab, this 
could take at least 3 days but up to a week due to 
reasons stated in the Introduction.

The Xpert test sensitivity and specificity and the 
percentage of Xpert-tested patients participating with 
a paired sputum collection were used as metrics for TB 
programme efficacy.

Not originally begun as a research project, laboratory 
data collected from this effort over a three-year period 
was afterwards evaluated for diagnostic efficiency using 
the above metrics. This formed the basis of an operational 
research study which was approved by the Yukon- 
Kuskokwim Health Corporation (YKHC) Executive Board 
following review by the YKHC Human Studies Committee.

Results

Over a 3-year period, 223 consecutive patients were 
evaluated for active pulmonary TB and all were tested 
with Xpert per our protocol. From these patients, we 
were able to collect at least one other (paired) sputum 
sample for smear microscopy and culture from 192 
patients (86.1%). From this latter group, fourteen 
patients (11 male/3 female, ages 21–87 years) [Table 1] 
eventually cultured positive for Mycobacterium 

Figure 1. Western Alaska (sub-divided into Northern and 
Southwest regions) tuberculosis incidence, 2010–2019. All 
Alaska rates are 3-year moving averages, U.S. rate is year-to- 
year. Data points for 2010 and 2011 contain rates for years 
prior to 2010 in their 3-year average. Data for year 2019 is 
provisional.
Northern region: North Slope, Maniilaq, and Norton Sound health 
districts 
Southwest region: Y-K Delta, Bristol Bay, E. Aleutian, and Aleutian- 
Pribilof Islands health districts 
Figure data from: 
Alaska Epidemiology Bulletin No. 31; 1 December 2009. Available at: 
http://www.epi.alaska.gov/bulletins/docs/b2009_31.pdf 
State of Alaska. Tuberculosis in Alaska 2014 Annual Report. Available 
at: http://dhss.alaska.gov/dph/Epi/Documents/pubs/webtb/TB_Report_ 
2014.pdf 
State of Alaska. Tuberculosis in Alaska 2017 Annual Report. Available 
at: http://dhss.alaska.gov/dph/Epi/id/SiteAssets/Pages/TB/TB_Report_ 
2017.pdf 
State of Alaska. Tuberculosis in Alaska-Summary Brief 2018. Available 
at: http://dhss.alaska.gov/dph/Epi/id/SiteAssets/Pages/TB/TB_ 
SummaryBrief.pdf 
State of Alaska, Section Epidemiology. Personal conversation concern-
ing 2019 provisional data. 
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tuberculosis (MTB). All but one of these had initially 
tested positive (MTB detected) by Xpert (sensitivity 
92.9%). All the remaining 178 individuals with paired 
sputum samples who were culture-negative for MTB 
initially tested negative (not detected) by Xpert (specifi-
city 100%). By contrast, smear microscopy detected nine 
of the culture-positive patients for a sensitivity and spe-
cificity 64.3% and 98.9%, respectively. This represents the 
addition of four TB patients detected by Xpert over 
smear [Table 1] (or 28.6 additional cases detected per 
100 culture-confirmed TB cases) for this small patient 
population. No rifampin resistance was detected. The 
active TB testing positivity was 7.3% (i.e., percentage of 
those cultured for TB symptoms {192} who eventually 
grew out culture-positive MTB {14}).

Discussion

It is our intent to share the results of our adding 
improved technology to our TB control programme 
with similar healthcare systems, especially in the cir-
cumpolar region, who may benefit from our experience.

The Xpert performance in our limited population 
favourably compared to published data [5]. This 
included the improvement noted of Xpert over stan-
dard smear microscopy [11] for rapid detection of MTB 
(with the added benefit of the test result in hours 
instead of days). Reasonably, faster, and more accurate 
detection might result in less TB transmission and as 
a result, fewer new cases in the long term (but cases 
may increase short term due to improved detection). 
The ability of Xpert to quickly and reliably determine 
which patients are not contagious represents a huge 
healthcare savings as in most cases these patients will 
not require hospitalised isolation.

It is noted that Case #11 [Table 1] is the only patient 
with eventual culture-positive MTB that was “not 
detected” by Xpert. In addition, this patient’s 4+ smear 
microscopy result highlighted Xpert’s shortcoming in 
this case. Upon review, it was noted anecdotally that 
in the initial paired sputum collection an apparent low 
quality “watery” sample was tested with Xpert and 
a much higher quality sample was sent to the State 
Lab for smear microscopy and culture. Since our lab 
and Xpert itself had no quality requirement for Xpert, it 
was understandable that a “not detected” result fol-
lowed from this sample that was likely saliva only. In 
retrospect, a repeat Xpert assay should have occurred, 
especially with an abnormal CXR and clinical suspicion 
for TB. If that had been done, detection likely would 
have occurred, and the study sensitivity would have 
been 100% instead of the reported 92.9% for this 

small culture-positive group. Our lab policy for Xpert 
changed as a result requiring a respiratory therapy (RT)- 
collected sputum (which assumed an RT would more 
reliably collect a proper sputum sample) which 
included visual confirmation of the specimen. This 
underscores the importance of clinical judgement in 
determining whether to repeat a questionable result 
or when to appropriately end respiratory isolation.

Our smear microscopy sensitivity of 63.4% was in 
line with a published 3-sputum study [12] result of 
67.5% although it is noted that a more recent study 
[11] resulted in a lower 38.8% figure. It is possible the 
higher smear sensitivity figures reflect a more 
advanced TB disease population including ours. This 
point is supported by the fact that in the latter study 
with low smear sensitivity, the Xpert sensitivity was 
also much lower at 74.1% than comparative studies 
reporting greater than 90% values.

The reason why a second (paired) sputum was not col-
lected from more than 86.1% of the initial patients evaluated 
for active pulmonary TB is not entirely known as this data 
was not recorded. However, such a level of compliance is still 
acceptable. Likely reasons for why a second sputum sample 
was not collected on these 31 individuals includes; patient 
refusal, inadequate or insufficient specimen as determined in 
the lab, inability to produce a second specimen at presenta-
tion and unable or unwilling to retry on a subsequent day, 
and medical personnel forgetting to collect a separate second 
sputum specimen.

A valid human rights concern has been raised [9] 
that an unnecessary delay in TB testing pre-advent of 
Xpert and in particular in remote areas errs on patient 

Table 1. Chronological listing of active tuberculosis cases 
(defined by culture growth on at least one sputum sample) 
with demographic information from study population tested 
with Xpert MTB/RIF over a 3-year period, 2016–2019.

Case Age at dx Gender Residence MTB RIF resist smear

1 55 F A Detected Not neg
2 87 F B Detected Not neg
3 62 M B Detected Not pos
4 21 M C Detected Not pos
5 22 F D Detected Not neg
6 33 M B Detected Not pos
7 56 M C Detected Not pos
8 27 M E Detected Not pos
9 57 M E Detected Not neg
10 28 M E Detected Not pos
11 58 M B Not detect Not pos
12 58 M F Detected Not pos
13 63 M D Detected Not neg
14 28 M B Detected Not pos

Key: Age at dx-age (years) at diagnosis, Gender-F (female), M (male), 
Residence-code (A-F) for community residence of case, MTB-rapid mole-
cular detection of Mycobacterium tuberculosis, RIF resist-rifampin drug 
resistance, Not-not detected, smear-acid fast bacilli (AFB) smear micro-
scopy, neg-no AFB seen, pos-AFB seen 
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isolation-confinement for the sake of community safety. 
This concern has been lessened anecdotally by Xpert as 
clinically stable-suspected TB patients, with MTB “not 
detected” by Xpert, can now be immediately released 
to the community as “not currently contagious” with 
public health follow-up as immediate diagnostic clarity 
has been added to their status. Previously a test result 
from a far-away lab would be required for this to occur. 
In the same manner, patients otherwise qualifying for 
hospital admission might forego “airborne precautions” 
isolation which had been practiced before. The above 
clarity in a patient’s TB status could have potential huge 
cost savings. Metrics related to this issue were not 
collected.

Our study results confirm our TB programme efficacy 
by virtue of the high number of participants getting 
Guideline-recommended paired sputum samples as 
well as the Xpert test sensitivity and specificity favour-
ably comparing to published data. Although no treat-
ment improvement metric, including time to treatment, 
treatment completion time, time of non-treatment iso-
lation, or cost savings were studied, all can reasonably 
be presumed improved with the addition of Xpert rapid 
testing. This is in line multiple studies [8,13,14] which 
have confirmed such results pertaining to efficient TB 
medical care, improved health facility and community 
safety and cost savings [15]. As a reminder, even with 
cost savings, concerns for sustainability of this new 
technology has been raised for the developing 
world [16].
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