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Abstract 

Acid-fast stain (AFS) of sputum smear is the standard initial test used to evaluate a patient with 

suspected tuberculosis (TB). Patients with positive AFS smears are normally started on TB 

medications and placed on TB airborne precautions during their hospital stay until the culture 

results are released (which can take 2-5 weeks) or patient is discharged. However, not all AFS 

positive smears indicate the presence of TB. Other acid fast microorganisms, especially the 

Non- Tuberculous Mycobacteria (NTM) can also result in AFS positive smear hence, there is a 

high preponderance of false-positivity for TB in smear tests. Infection with the NTM do not 

require medications specific for TB or airborne isolation precautions. However, due to the lack 

of a quick definitive TB test most AFS smear positive patients are started on TB meds and 

placed in airborne isolation leading to inappropriate management of patients including 

unnecessary isolation, possible extension of hospital stay and increased cost. 

This is a prospective quality improvement study. Between Nov 2016 and August 2017 a Cepheid 

PCR test was performed on all AFS sputum smear positive patients from the initial sputum 

specimen collected on hospital admission. Background data between 2014 and 2016 was also 

collected for comparison prior to introduction of PCR testing. Data was used to evaluate 

unnecessary isolation for Smear positive patients. 

39 patients with positive AFS smear were included in the study. 100% (25/25) of sputum PCR 

negative patients had negative cultures as well, whereas 85% (12/14) of PCR positive patients 

were diagnosed with active TB through culture of the sputum. The first of the PCR+/Culture- 

patients had a parotid TB diagnosed on Parotid biopsy while the second patient had previous 

history and treatment of TB within the last year (pretreated patient). 18/24 smear+/PCR-/TB- 

patient were not removed from isolation within a day after the PCR result. On average these 

patients were kept in isolation for 5.7 days longer than appropriate and 68.5% of total isolation 

days were unnecessary. 

  



 
 

Cepheid GeneXpert® PCR MTB/Rif is a quick and accurate test to evaluate for TB. It is highly 

sensitive and specific however it does not differentiate between active TB vs history of TB. The 

results of the Cepheid PCR test can be used effectively to remove patients from TB airborne 

isolation reducing up to 5.7 isolation days per patient admission which represents a savings of 

68.5% of the total isolation days. 
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Introduction/Significance 

Tuberculosis (TB) is the second leading infectious disease in the world after HIV. TB is a highly 

preventable disease that can be easily controlled. However, one of the challenges to managing 

TB is the lack of a rapid and accurate diagnostic test for TB. The World Health Organization 

(WHO) considers rapid diagnosis of TB one of the key factors that could improve TB outcomes 

worldwide. Innovation in rapid tests for early diagnosis of TB and universal drug resistance 

testing is stated as one of the goals in WHO’s Post 2015 Global TB Strategy
7
. 

The most commonly used tests for detecting active TB include acid-fast-bacilli (AFB) smear 

microscopy and TB cultures. Other tests like chest X-ray, QuantiFERON®-TB Gold, and Purified 

Protein Derivative (PPD) tests are usually not definitive but can be very useful. 

However, the AFB smear microscopy and cultures also have their disadvantages. Smear tests 

have been used to test for TB for over a century, while QuantiFERON®-TB Gold tests using 

blood samples have more recently been introduced in an attempt to replace skin testing. 

Although PPD testing is inexpensive and fairly rapid, it has very low sensitivity of about 60% 
1
. 

Culture is considered the definitive test for diagnosis of TB and can also provide drug 

susceptibility information; however, they are complex, expensive and, due to the AFB organisms 

slow growth, take a long time
7
. 

WHO now recommends the use of rapid, direct molecular tests for diagnosis of pulmonary TB 

and some cases of extra-pulmonary TB
7
. The Xpert® MTB/RIF test is an automated polymerase 

chain reaction (PCR) system that detects the presence of Mycobacterium tuberculosis (MTB) 

and resistance to rifampin. This test has higher sensitivity and specificity compared to AFB 

smear miscopy tests alone and provides results within 2 hours
2
. A 2010 study by Boehme CC et. 

al. on testing with the Cepheid Xpert® MTB/RIF reported a sensitivity of 98.2% for smear 

positive single sputum sample which increased to 99.8% with 3 sputum samples. They also 

reported a sensitivity of 99.1% for detecting rifampin resistance
1
. 
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The World Health Organization’s latest TB screening guideline released in 2013 assessed the 

effectiveness of various TB screening algorithms. According to their results, the algorithm that 

incorporated Cepheid Xpert® MTB/RIF testing had a significantly higher positive predictive 

value (PPV) than one that incorporated the Sputum Smear Microscopy algorithm
7
. 

The FDA recently approved the Xpert® MTB/RIF test for use in the USA as an adjunct to TB 

diagnosis. Although there are plenty of research studies on the cost-effectiveness and efficacy of 

Xpert® MTB/RIF assay on detecting TB and drug resistance, there is need for further research on 

its overall economic and medical impact in large community institutions. Furthermore, most of 

the research has been in highly endemic and resource poor countries such as South Africa and 

India and in which prevalence of TB is high. Therefore, there is little evidence in the 

effectiveness of this test in a high resource and low incidence country such as USA. 

As more health care systems around the country look to adopt this new rapid diagnostic test for 

TB, we need to identify the role it will play in the diagnosis and treatment of TB. The significantly 

faster processing time and improved accuracy over the smear test will lead to quicker 

coordinated care of the patient, ultimately improving the patient outcomes. Furthermore, 

knowing the genetic susceptibility of the disease to Rifampin will also improve patient outcomes 

by giving the patient the right medication at the earliest time possible. 

Since the approval of Xpert® MTB/RIF by the FDA, there has been considerable interest in 

studying the potential impact of this test in the US. One study by H.W. Choi et all compared the 

cost effectiveness of Xpert® MTB/RIF, Amplified MTB Gen Probe and standard sputum smears. 

Using a decision analysis model they found that using the Selective Xpert® MTB/RIF testing 

(smear positives only) was the most cost effective approach to diagnose TB
3
. 

  



3  

Treatment of a TB patient in the hospital can be very expensive. Strict infection control policies 

require that all patients who are suspected of having TB be placed in an isolation rooms. We 

hypothesize that use of PCR test to diagnose TB will lead to significant cost savings from 

reduced TB airborne isolation stays. We want to determine whether incorporating the Xpert® 

MTB/RIF in the TB diagnostic algorithm at Banner Arizona Hospitals specifically will lead 

improved care and decreased costs. 

The primary objective of the research project is to assess the cost effectiveness of introducing a 

rapid diagnostic test (Xpert® MTB/RIF) on acid-fast smear positive patients suspected of having 

tuberculosis and hospitalized in the Banner Health Hospital System in Arizona. A secondary 

objective of the study will be to clinically validation of the diagnostic accuracy of the Xpert® 

MTB/RIF test. 
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Materials and Methods 

This was a prospective quality improvement study conducted between Sept 2016 and December 

2017. A Xpert® MTB/RIF PCR test was performed on all AFB sputum smear positive patients 

from the initial sputum specimen collected on hospital admission. These patients were identified 

from the laboratory log by Den Sussland, AFB/Mycology System Technical Specialist, and passed 

on to Ravikumar Patel who reviewed the patients medical record in Cerner. Furthermore data 

for AFB smear positive between 2014 and 2016 was also collected for background data for 

comparison prior to introduction of PCR testing. 

This study received an expedited IRB approval on June 2016 for 1 year period with an end date 

of June 2017. On June 2017 the IRB approval was extended for one more year with an end date 

of June 2018. 

The following data was collected for data analysis: 

DOB 
Admission Date 
Discharge Date 
Date and time of Sputum collection 
Source of Sputum Collection 
Date and time of Cepheid test, smear and culture results 
Date and time put in Isolation 
Date and time taken out of isolation 
Date and Time of diagnosis 
Date of start of TB treatment 
Demographics: age, gender, height, weight, ethnicity, 
Total days in hospital 
Diagnostic turnaround time of Cepheid, cultures and smear 
Results of sputum analysis (Cepheid, smear, culture) 
Chest Xray result (if taken) 
Drug Resistance – Rif 
Isolation Room (Y/N) Total 
days in isolation Final 
diagnosis 
Time to TB diagnosis 
Therapy initiated Time 
to treatment 
TB medications  
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Results (including statistical significance, if applicable) 

A total of 49 patients with positive AFB smear were included in the study. 85% (12/14) of PCR 

positive patients were diagnosed with active pulmonary TB clinically and/or though positive 

culture of the sputum. 2/18 were diagnosed with non-pulmonary TB (Parotid TB and 

disseminated military TB) while 1/18 had recent history of TB treated at the Public Health within 

the past year. 

100% (31/31) of sputum PCR negative patients had negative TB cultures and were clinically 

negative for TB as well. 27/31 patients with a positive AFB smear and negative PCR were placed 

in TB airborne respiratory isolation. 3/4 of patient who were not placed in isolation are known 

CF patients who had recently found TB negative in prior work up. 

17/27 positive AFS and negative PCR patients were continued on TB respiratory isolation more 

than one day after the PCR result was released. On average these patients were kept in isolation 

for 5.3 days longer than necessary. This indicates that 66% (90/136) of the total TB airborne 

respiratory isolation days were unnecessary. 

Background data between 2014 and 2016 prior to introduction of PCR was also analyzed. The 

time to smear result was use as a “pseudo” PCR result time to calculate the unnecessary 

isolation days. The PCR result is usually reported about 2-3 hours after the positive smear result 

which can be used for as a good approximation. The ultimate sputum culture result was used as 

an assumption of the PCR result. 37/47 patients were not removed from isolation within 1 day 

and 75% of the total isolation days was unnecessary. There was no statistical difference in 

unnecessary isolation days before and after PCR testing when using the smear result as a proxy 

for PCR testing in this hypothetical analysis. 
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There was statistically significant different in the patients still in TB respiratory isolation at 

discharge day before and after PCT testing. Prior to PCR testing 85% of TB negative patients 

were kept in isolation until discharge. However, after introduction of PCR testing only 38% of 

TB negative patients are kept in isolation until discharge. After PCR testing, patients were 3.9 

(P<0.001) times more likely to be removed prior to discharge compared to patients prior to PCR 

testing. The percent of patients not removed from isolation within a day after PCR result and 

average unnecessary isolation days did not change (relative to smear result). 
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Discussion 

The diagnostic accuracy of Xpert® MTB/RIF PCR test has been well established. Most of the prior 

research was performed in high prevalence settings. However, recent studies in low prevalence 

settings especially after FDA approval in 2013 has shown similar accuracy. A 2016 study by 

Leutkemeyer et all compared the accuracy of Xpert® MTB/RIF vs AFB Smear in high and low 

prevalence setting. They found that Xpert® MTB/RIF studies in the United States performed 

comparably to higher prevalence settings and they recommend the use of Xpert® MTB/RIF for 

initial TB diagnostic algorithm. They reported specificity of 99.2% and sensitivity of 96.7% with a 

negative predictive value (NPV) of 99.7% in AFB positive sputum specimens from United States 

participants”
4
. Another Scottish study reported similar diagnostic accuracy in low prevalence 

settings with reported a pooled sensitivity of 95.8%, specificity of 99.5% and NPV of 99.9%
6
. 

The biggest strength of the Xpert® MTB/RIF test is the near perfect negative predictive value 

which can be used to rule out TB. This can improve the management of these patients by 

discontinuing TB meds, removing the patients from respiratory isolation and decreasing overall 

hospital stays. A cost-benefit analysis study of Xpert® MTB/RIF PCR testing in the United States 

could result in 48% reduction in total isolation bed utilization leading to an average savings of 

$2278 per admission
5
. 

In our study of AFB positive patients in Arizona, we found a sensitivity of 100% and a NPV value 

of 100% (n=27). 17/27 AFB positive/PCR negative patients were continued on respiratory 

isolation for an average of 5.3 days per admission longer than necessary. Removing all of these 

patients from respiratory isolation within a day of Xpert® MTB/RIF PCR result would save 5.3 

days of isolation bed utilization per admission leading to 66.2% reduction in total respiratory 

isolation bed usage from 136 to 46 isolation days. 
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Future Directions 

The next step is to work with the administrative department at Banner to evaluate the cost of 

isolation at Banner Hospitals to determine the overall cost savings from reduced TB respiratory 

Isolation by using the Xpert® MTB/RIF PCR testing. The ultimate goal of this project is to develop 

a new TB diagnostic algorithm at Banner Health System in Arizona. 
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Conclusions 

Xpert® MTB/RIF is a quick and accurate test to evaluate for TB. It is highly sensitive and specific 

however it does not differentiate between active TB vs history of TB. The results of the Cepheid 

PCR test can be used effectively to remove patients from TB airborne isolation reducing up to 5.3 

isolation days per patient admission which represents a savings of 66.2% of the total isolation 

days. 
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Figure 1: Distribution of the patients and sputum results. 
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Figure 2: Unnecessary isolation days 
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Figure 3:  Unnecessary isolation days prior to PCR testing 
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Figure 4: Amount of patients kept in isolation until discharge 
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