
Contents lists available at ScienceDirect

J Clin Tuberc Other Mycobact Dis

journal homepage: www.elsevier.com/locate/jctube

Management and diagnosis of tuberculosis in solid organ transplant
candidates and recipients: Expert survey and updated review,☆,✰✰

Kelly M. Penningtona,c, Cassie C. Kennedya,b,c, Subhash Chandrad, Michael Lauzardoe,
Maximo O. Britoe, David E. Griffithf, Barbara J. Seaworthg, Patricio Escalantea,h,⁎

a Division of Pulmonary and Critical Care Medicine, Department of Medicine, Mayo Clinic Rochester, MN, USA
bWilliam J. von Liebig Transplant Center, Mayo Clinic Rochester, MN, USA
c Robert D. and Patricia E. Center for the Science of Healthcare Delivery, Mayo Clinic Rochester, MN USA
dGastroenterology Section, CHI Health Creighton University Medical Center, Omaha, NE, USA
e Southeastern National Tuberculosis Center and the Division of Infectious Diseases, University of Florida Health Science Center, Gainesville, FL, USA
f Section of Infectious Diseases, University of Illinois at Chicago, Chicago, IL, USA
gHeartland National TB Center, University of Texas Health Science Center at Tyler, Tyler, TX, USA
hMayo Clinic Center for Tuberculosis, Mayo Clinic, Rochester, MN

A R T I C L E I N F O

Keywords:
Tuberculosis
Transplantation
Survey

A B S T R A C T

Background: Optimal screening and management of latent tuberculosis infection (LTBI) and active tuberculosis
(TB) in solid organ transplant (SOT) candidates and recipients is necessary to prevent morbidity and mortality.

Methods: We conducted a cross-sectional survey of TB and transplant experts across the United States re-
viewing the clinical practice preferences on key management issues related to LTBI and TB in SOT candidates
and recipients.

Results: Thirty TB and 13 SOT experts were surveyed (response rate= 53.8%). Both groups agreed that
tuberculin skin test (TST) and chest x-ray screening in SOT candidates was useful (78.6% and 84.6%, respec-
tively). TST after SOT was not useful for most transplant experts and TB experts (0% vs. 32.1%, respectively), but
both groups were split on usefulness of interferon gamma release assays (IGRA) in SOT recipients (42.9% TB
experts vs. 46.2% SOT experts). Most experts recommend LTBI treatment prior to SOT if close monitoring is
assured (82.1% TB experts vs. 76.9% transplant experts). LTBI treatment with isoniazid was preferred for pa-
tients on calcineurin inhibitors. Evaluation for suspected TB in SOT recipients varied, but most TB experts
favored sputum testing (88.9%) whereas most transplant experts favored bronchoscopic testing (69.2%).
Preferred TB treatment regimens in SOT recipients were similar to regimens recommended for im-
munocompetent patients.

Conclusions: Most TB and transplant experts recommend evaluation and treatment for LTBI in SOT candi-
dates. Liver transplant candidates, however, should only be treated if close monitoring can be assured and after
consulting with a hepatologist. Practice preferences varied regarding the initial diagnostic approach for sus-
pected TB in SOT recipients; however, most experts agreed that SOT recipients should receive similar treatments
as immunocompetent patients.

Introduction

Tuberculosis (TB) incidence in solid organ transplant (SOT) re-
cipients is reported between 0.25 to 13.7%, and occurs more often in
countries and settings with high prevalence of TB [1–5]. Moreover, TB
in SOT recipients carries high TB-related and SOT-related morbidity
and mortality. The most recent TB consensus guidelines in the United

States addressed the diagnosis in immunosuppressed individuals and
some aspects of TB treatment in SOT recipients, such as drug-to-drug
interactions with anti-TB medications. They do not, however, provide a
dedicated section with recommendations for the diagnosis and man-
agement of LTBI and TB in various types of SOT candidates and re-
cipients [6–9]. The Spanish Society of Infectious Diseases and Clinical
Microbiology previously put together a consensus statement to provide

https://doi.org/10.1016/j.jctube.2018.04.001
Received 22 January 2018; Received in revised form 2 April 2018; Accepted 9 April 2018

☆ This study was reviewed by Mayo Clinic Institutional Review Board and was research exempted.
✰✰ All authors have reviewed and contributed to this manuscript. No authors have any financial disclosures or competing interests.
⁎ Corresponding author: Division of Pulmonary and Critical Care, Mayo Clinic, 200 First Street SW, Rochester, MN 55905, USA.
E-mail address: escalante.patricio@mayo.edu (P. Escalante).

J Clin Tuberc Other Mycobact Dis 11 (2018) 37–46

2405-5794/ © 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

http://www.sciencedirect.com/science/journal/24055794
https://www.elsevier.com/locate/jctube
https://doi.org/10.1016/j.jctube.2018.04.001
https://doi.org/10.1016/j.jctube.2018.04.001
mailto:escalante.patricio@mayo.edu
https://doi.org/10.1016/j.jctube.2018.04.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jctube.2018.04.001&domain=pdf


clinical guidelines specifically for the management of SOT recipients in
2009 [10]. Several of those recommendations are based on expert
opinion and retrospective data [11]. However, it is unclear if consensus
between TB and SOT experts exists, if there are TB management prac-
tice variations between Spain and the US, and some key clinical issues
remain unaddressed.

Important considerations in SOT candidates are clinical evaluation
of latent tuberculosis infection (LTBI) with the tuberculin skin testing
(TST) and/or interferon gamma release assays (IGRAs), the utility of
routine screening chest x-rays (CXR), and LTBI treatment regimens
(especially in liver transplant candidates). In SOT recipients, important
considerations are diagnostic accuracy of testing for LTBI, diagnostic
approach for suspected active TB, and treatment regimens for LTBI and
active TB.

Anti-TB medications, specifically rifamycins (rifampicin, rifabutin,
or rifapentine) interact with calcineurin inhibitors (i.e. cyclosporine
and tacrolimus), mammalian target of rapamycin (mTOR) inhibitors
(i.e. sirolimus and everolimus), and corticosteroids by reducing serum
levels of these medications potentially precipitating graft rejection and
dysfunction [6,12,13]. For these reasons, the use of rifamycin-based
regimens for the treatment of LTBI and active TB in SOT recipients is
controversial [14]. Moreover, common LTBI regimens have associated
risk of hepatotoxicity. Isoniazid and rifamycins can cause drug-induced
hepatitis, and the previously used combination of rifampicin/pyr-
azinamide can cause severe liver toxicity [6,10]. This raises the issue of
how to best treat liver transplant candidates with LTBI or liver trans-
plant recipients with LTBI or active TB.

To help address these key clinical issues, the American College of
Chest Physicians (ACCP) sponsored a project to conduct a national
survey that invited United States experts in TB and SOT to compare
medical preferences for common TB diagnostic and management
questions in SOT candidates and recipients. After reviewing the recently
released American Thoracic Society(ATS), Centers for Disease Control
and Prevention(CDC), and Infectious Disease Society of America(IDSA)
diagnostic and treatment guidelines, we decided to publish this original
work and discuss our findings in comparison with the most recent
published data [7,9].

Material and methods

The study was reviewed and approved by the Mayo Clinic
Institutional Review Board and was research exempt.

We conducted a web-based survey amongst TB and transplant ex-
perts from August 18, 2009 to June 21, 2010.

Development of survey questionnaire

No validated questionnaire regarding TB practices in SOT existed.
Therefore, a seven-member steering committee representing pulmonary
and infectious diseases TB experts and transplant experts reviewed the
literature and developed potential survey questions utilizing the Delphi
method. The survey questions were focused on the following clinical
themes: (1) diagnostic utility of TST and IGRAs, before and after SOT,
(2) usefulness of routine CXR in assessment of candidates undergoing
SOT evaluations, (3) LTBI treatment alternatives for patients taking
calcineurin and/or mTOR inhibitors, (4) management of LTBI, before or
after liver transplantation, (5) diagnostic work-up and treatment al-
ternatives for active TB after SOT. Responses were formatted on a 5-

point Likert scale or for priority ranking, and comments were allowed.
The proposed questionnaire and survey instructions were reviewed by
non-TB experts and non-transplant experts from the ACCP Chest
Infection Network for clarity and comments. The questionnaire was
revised accordingly. One question, in which consensus guidelines exists
for the treatment of patients with active TB in general, was included for
internal validation. The final questionnaire had 11 questions (see
Appendix A).

Selection of study participants

We sought a representative sample from the sampling frame of TB
and SOT experts of varied institutions and geographic regions from the
United States to avoid bias based on regional practice variation and
differences in TB prevalence. TB and SOT experts were identified in
three ways: (1) nomination by the study's steering committee based on
known contributions in the field of TB or SOT; (2) through a PubMed
publication search using terms “tuberculosis” and “solid organ trans-
plantation” and/or; (3) practitioner in a TB or SOT referral center in the
United States obtained from the ACCP and other professional organi-
zations databases. Inclusion criteria for TB experts included physicians
who care for TB patients in a referral practice and/or have published
one or more research articles on TB. TB experts were comprised of the
following specialties: Pulmonary Medicine, Infectious Diseases, and
Internal Medicine. Transplant experts included physicians who manage
SOT patients in referral centers and/or published one or more research
articles related to SOT. SOT experts were comprised of Pulmonary
Medicine and Infectious Diseases specialists. Experts were sorted by
their contributions to the respective fields (SOT or TB) and current
practice setting, not by specialty training.

Survey procedure

Need for consent was waived by the IRB. The self-administered,
web-based questionnaire was sent to participants via an email invita-
tion. The email included survey instructions, voluntary nature of the
study, a statement regarding the purpose of the study, identification of
the study sponsor and principal investigator, and an option to accept or
decline participation as previously described [14]. If no response was
received within 2 weeks, a subsequent e-mail invitation was sent. If
there was no response by four weeks, the e-mail address was re-
confirmed and a follow-up invitation was sent at 6 weeks and if ne-
cessary 8 weeks. On failure to obtain response after the fourth invita-
tion, experts were deemed non-participators. No incentive or
remuneration was offered.

Measurable outcomes

The measurable outcomes were level of agreement amongst experts
and order of preference on priority ranking.

Definitions

Agreement was defined as responding either “agree” or “strongly
agree”, and disagreement was defined as responding “disagree” or
“strongly disagree”. Neutral responses were counted in the denomi-
nator. Consensus level was defined when 80% of respondents in a ca-
tegory were in agreement or disagreement.
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