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Abstract 

Background: Tuberculosis (TB) is a common infection with challenges in diagnosis and 

treatment. Management of TB in solid organ transplant (SOT) candidates and recipients 

poses unique challenges not seen in other populations. 

Questions and Recommendations: Latent TB infection (LTBI) is important to diagnose pre-

transplant through history, physical examination, imaging, and laboratory tests. Tuberculin 

skin tests and interferon-gamma release assays are important tools but not sufficiently 

sensitive nor specific to diagnose LTBI alone. Active TB is more likely to present as a 

disseminated or extrapulmonary infection in SOT recipients. Donor-derived infections occur 

infrequently though can be serious; these can sometimes be prevented through LTBI 

treatment of the donor or recipient. Treatment of active or latent TB is similar to that in 

other populations with particular attention to drug interactions and adverse drug reactions. 
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Conclusions: LTBI and TB are important infections in SOT candidates and recipients with 

unique challenges though substantial literature and experience have emerged to guide 

providers. 
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1. Introduction

Tuberculosis (TB) is an endemic infection with significant morbidity and mortality if not 

properly treated. Diagnosis and treatment of TB is complex, particularly in solid organ transplant 

(SOT) candidates or recipients. Identification and treatment of individuals with latent TB infection 

(LTBI) is an important strategy in prevention of TB disease, but is further complicated in the 

context of SOT. 

TB most often occurs in SOT recipients through reactivation of latent infection in the context of 

immunosuppression. Occasionally, patients with unrecognized active, but perhaps subclinical TB 

undergo transplantation followed by clinical worsening such that TB is later diagnosed. Another 

mechanism of infection, particularly in countries of high TB endemicity, involves de novo infection 

after transplant due to contact with an active TB case. Finally, donor-derived infection occurs 

though is likely uncommon. 

SOT recipients are at a significantly increased risk of TB relative to comparator groups, 

occurring at over four times the rate of the general population and in some older studies occurring 

at nearly 100-times the rate of comparator populations [1-5]. This increased incidence persists 

even when comparing SOT recipients to patients with end-organ disease not undergoing 

transplantation [6]. Incidence rates vary widely in different studies depending on study country, 

population characteristics, transplanted organ, and protocols (if any) for diagnosing and treating 

LTBI. Among SOT recipients, lung transplant recipients seem to have the highest risk for post-

transplant TB [7]. 

2. Questions and Recommendations 

2.1 Evaluation and Treatment of LTBI 

2.1.1 How Should Providers Screen SOT Candidates or Recipients for LTBI? 

Providers should preferentially screen SOT candidates for LTBI before transplantation. In fact, 

some patients undergoing evaluation for transplantation may already be at increased risk of TB 

reactivation. Patients with end-stage renal disease, diabetes mellitus, and silicosis, for example, 

benefit from screening for and treatment of LTBI based on these indications alone regardless of 

transplant candidacy [8]. Moreover, some patients being evaluated for transplantation are on 

immunosuppressive medications, including corticosteroids, that confer an increased risk of TB 

reactivation and warrant LTBI screening and treatment [8].  
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Screening for LTBI in SOT candidates involves obtaining a history of prior TB infection and 

disease. In patients with an established history of LTBI or active TB, providers should seek records 

of prior treatment when available. In such patients, commonly used tests for LTBI such as the 

tuberculin skin test (TST) and interferon-gamma release assay (IGRA) are not valid since they 

cannot distinguish prior from current infection. Assuming documentation or reliable patient 

history confirms adequate prior treatment for LTBI or active TB, there is generally no role for re-

treatment except in circumstances conferring a very high risk for reactivation, for example, 

contact with a known smear-positive TB case. As with any other patient, these patients should be 

evaluated clinically and radiographically for evidence of active TB prior to transplant. The 

management of patients with self-reported histories of treatment for latent or active TB without 

documentation should be individualized. These patients may require serial imaging and collection 

of sputum for culture to rule out active disease. 

All potential transplant candidates without a known prior history of TB or LTBI should undergo 

screening with a TST or IGRA, either an enzyme-linked immunosorbent assay or enzyme-linked 

immunospot. These tests generally have only fair or moderate concordance, but any positive test 

should likely be considered evidence of LTBI [9-16]. In fact, for patients with high risk of LTBI based 

on epidemiologic exposures and a negative MTB IGRA, a TST may be a useful test to detect LTBI. 

An indeterminate result obtained from an IGRA, which typically reflects failure of the patient’s 

lymphocytes to respond sufficiently to a mitogen due to impaired cellular immunity, can 

sometimes be resolved by repeating the test. Both the TST and MTB IGRA predict risk of TB post-

transplant, though IGRAs may be more sensitive than TSTs in SOT candidates and demonstrate 

greater specificity among those previously vaccinated with the Bacillus Calmette-Guérin vaccine [2, 

17-19]. Still, sensitivity of both tests is poor in many populations awaiting transplant, perhaps 

under 50% in those on hemodialysis [17]. 

In all patients, regardless of TST or IGRA results, a single-view or two-view chest X-ray (CXR) 

should be obtained unless a recent study is available to assess for evidence of active TB or LTBI. 

This imaging is also important for detecting other occult infections requiring evaluation and 

treatment prior to transplantation. Signs or symptoms potentially consistent with active TB should 

be elicited, such as a cough for more than two or three weeks, fever, sweats, weight loss, dyspnea, 

or chest pain. Patients with imaging, signs, or symptoms potentially consistent with active 

pulmonary TB should undergo sputum examinations or invasive workup such as bronchoscopy to 

evaluate for active TB or other infectious processes. Those with unexplained back, bone, or joint 

pain or swelling; lymphadenopathy; meningitis; pericardial or pleural effusions; or ascites should 

be evaluated for extrapulmonary TB. 

2.1.2 How Should SOT Candidates or Recipients with A Positive Test for LTBI Be Further Evaluated? 

As with all patients, those with a positive TST or IGRA should be examined with a CXR to assess 

for evidence of active TB. A computed tomography (CT) scan should be considered to characterize 

CXR abnormalities. Any CXR or CT findings potentially consistent with active TB—including fibrotic 

lesions or other infiltrates, non-calcified nodules, cavities, adenopathy, or pleural effusions—

should prompt collection of sputum for acid-fast bacilli (AFB) smear and culture and TB nucleic 

acid amplification testing. Fully calcified lymph nodes or nodules alone are not consistent with 

active TB and do not by themselves require sputum culture. Otherwise, radiographic features 
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alone cannot reliably distinguish active from latent TB so any of these abnormalities should 

prompt sputum examination. While bronchoscopy can be pursued, and may be useful in 

evaluating other causes of airspace opacities, bronchoalveolar lavage is no more sensitive than 

induced sputum culture for the diagnosis of pulmonary TB [20, 21]. 

Since imaging, particularly CXRs, can occasionally be normal in patients with active TB, 

especially in immunocompromised patients, induced or expectorated sputum should be obtained 

for any patient with signs or symptoms potentially consistent with TB, such as cough for two 

weeks or more, weight loss, fevers, or night sweats. Moreover, laryngeal TB may result in a chronic 

cough with normal findings on chest CT scans. 

2.1.3 Should SOT Candidates or Recipients with A Negative Test for LTBI Be Further Evaluated for 

Possible Infection? 

In SOT candidates with a high pre-test probability of LTBI, such as those from endemic countries 

or with prior TB contact, chest CT should be considered (to detect evidence of prior TB infection 

such as calcified granulomas) even with negative TST or IGRA results and normal CXR findings [22]. 

Prior CT or chest CXR studies should be reviewed for radiographic features consistent with prior TB 

infection. In fact, patients with CXR findings suggestive of prior TB (fibrosis or calcified nodules) or 

CT findings of prior TB (calcified or non-calcified nodules, fibrosis, or irregular linear opacities) 

were more likely to develop TB in one study of liver transplant candidates regardless of TST or 

IGRA results [23]. 

2.1.4 What Medication Regimens Should Be Used for Treatment of LTBI in SOT Candidates or 

Recipients and When Should Treatment Be Initiated? 

Nine months of isoniazid (9H) has traditionally been the mainstay of LTBI therapy due to its 

established efficacy and relative safety [24]. Isoniazid has established benefit in prevention of TB 

reactivation in SOT recipients [25]. Isoniazid has few significant drug-drug interactions (DDIs), is 

widely available, and is generally safe, though the regimen is long with occasional development of 

clinically significant hepatotoxicity. To mitigate the risk of peripheral neuropathy, pyridoxine 

should be given with isoniazid in this patient population given the frequency of comorbidities 

which increase the likelihood of this complication [24]. Based on case reports of failures of 

pyridoxine to prevent isoniazid-associated neuropathy in patients on dialysis, some authors have 

suggested very high dose pyridoxine in these patients [26].  

Rifampin-based regimens have also been used for LTBI treatment, and early studies have 

demonstrated similar efficacy with shorter durations of therapy [27]. A large multinational 

randomized control trial recently found that 4 months of rifampin (4R) was not inferior to 9H in 

prevention of active TB among patients with LTBI and associated with a better safety profile and 

higher completion rates [28]. Critically, however, rifampin has many significant DDIs that 

complicate its use in SOT candidates and recipients. Rifampin is a potent inducer of proteins 

involved in drug metabolism, including cytochrome P450 (CYP) proteins, enzymes involved in 

glucuronidation, and membrane transporters like P-glycoprotein [29, 30]. Through these 

pharmacokinetic effects, rifampin significantly reduces the effects of calcineurin inhibitors (CNIs), 

and to a lesser degree mycophenolate and corticosteroids [31]. Rifampin’s effects on drug 

metabolism can persist for up to 4 weeks after drug discontinuation so this agent should not be 
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used for the treatment of LTBI in SOT recipients or SOT candidates who may undergo 

transplantation in the near future [32]. To account for both brief interruptions of therapy that 

sometimes occur and to allow normalization of pharmacokinetic parameters, providers should 

probably only start 4R if transplant will not occur in the next 6 months. Rifampin’s effects on drug 

metabolism may preclude its use in patients on a variety of other important medications before or 

after SOT. 

Rifabutin is a rifamycin with an identical mechanism of action to rifampin that can be used in 

place of rifampin for treatment of LTBI [24]. Relative to rifampin, rifabutin has less profound 

effects on drug metabolism, though it will still lower CNI levels, for example. Disadvantages of 

rifabutin relative to rifampin include potentially higher cost, unique but uncommon adverse drug 

reactions (ADRs) including uveitis, and bidirectional drug interactions such that certain CYP 

inhibitors will increase rifabutin levels [24]. Still, rifabutin may be a useful agent to treat LTBI in 

patients who may not tolerate isoniazid but for whom rifampin is contraindicated due to DDIs [33]. 

A combination of weekly rifapentine and isoniazid for 12 weeks (3HP) is also as effective as 9H 

and, like 4R, and is associated with higher rates of treatment completion [34]. While initially 

recommended only in the context of directly observed therapy, 3HP has subsequently been found 

to be efficacious as self-administered therapy and recommendations now permit both treatment 

administration options [35, 36]. While hepatotoxicity is less common with 3HP compared to 9H, 

more patients on 3HP had to permanently discontinue the regimen due to ADRs [34]. Moreover, 

3HP is associated with a “flu-like syndrome” consisting of fevers, chills, myalgias, and headache, 

constituting over two-thirds of the systemic drug reactions in 3HP patients [37]. Finally, 

rifapentine is associated with similar DDIs that characterize rifampin. 

Overall, we generally favor either 9H or 4R, though 3HP and 4 months of rifabutin are 

advantageous options in select patients. When no concerns for rifamycin DDIs exist (including 

knowing that SOT will not occur for six months), many treatment choices exist and the regimen 

should be selected based on patient and provider preferences and individual patient 

circumstances. Patients with an increased risk for isoniazid-associated hepatotoxicity by virtue of 

advanced age, concomitant hepatotoxic medications, or other factors, should generally be treated 

with 4R given a lower incidence of drug-induced liver injury (DILI). The 9H regimen is generally 

preferred in SOT recipients or SOT candidates who may undergo transplantation in the near future. 

In select patients who are unable to tolerate 9H or who have particular risk factors for 

hepatotoxicity, in whom rifampin would normally be considered but for whom the drug is 

contraindicated due to DDIs or impending transplantation, 4 months of rifabutin can be used, 

understanding DDIs still occur. 

While LTBI treatment can often be started immediately, sometimes delaying treatment is 

prudent. In patients with cough or abnormal chest imaging, LTBI treatments should be withheld 

until active TB can be fully excluded to avoid development of drug resistance through the 

unintentional treatment of active TB with only one or two drugs. Even if transplant is imminent, 

there is usually no urgency in proceeding with LTBI therapy. In fact, the median time to clinical 

presentation of TB after SOT is 22.5 or 17.5 months based on cohort studies and case series, 

respectively [38]. Among the nearly 2,000 SOT recipients in cohort studies who developed TB, the 

earliest case of TB occurred 2.4 months after transplant [38]. This delayed development of TB in 

SOT patients, in contrast to the rapid reactivation after a median of 12 weeks in those treated with 
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infliximab, allows transplant providers the confidence to delay treatment until it can be done 

optimally.  

2.1.5 Can Patients with Cirrhosis or Acute Liver Failure Be Treated for LTBI? 

Given the potential hepatotoxicity of mediations used for the treatment of LTBI, liver transplant 

candidates with LTBI can be particularly challenging. Some liver transplant candidates, namely 

those whose indication for transplant is hepatocellular carcinoma, may have preserved synthetic 

function and minimal fibrosis and may tolerate LTBI treatment as well as other SOT candidates. 

Many others, however, have cirrhosis or acute liver failure. Given the potentially devastating 

consequences that DILI could have on those with decompensated cirrhosis or acute liver failure, 

LTBI treatment in these patients should generally be deferred until after liver transplant when the 

liver function stabilizes: many providers wait one to two months post-transplant to start LTBI 

therapy. Similarly, LTBI therapy is sometimes best deferred in patients with compensated cirrhosis 

but with significantly abnormal baseline liver tests (for example alanine transaminase values of 

greater than 3 times the upper limit of normal or bilirubin values greater than 2 mg/dL). 

Patients with compensated cirrhosis can often be safely treated for LTBI pre-transplant. As 

discussed above, 4R is a particularly attractive regimen in these patients, assuming transplantation 

will not occur in the next 6 months and no other significant drug interactions preclude its use. 

Otherwise, 9H can often be safely used with close monitoring [39-41]. Rifabutin for 4 months can 

also be used with the caveat that DDIs still do occur [33]. 

Levofloxacin and moxifloxacin are active against MTB and have been attractive candidate drugs 

for LTBI treatment in liver-transplant candidates or recipients given lower rates of hepatotoxicity 

than isoniazid and significantly fewer DDIs than rifampin. Fluoroquinolone-based regimens have 

been used for LTBI treatment among contacts with multi-drug resistant TB, though evidence for 

efficacy is sparse relative to the standard LTBI treatment regimens [42, 43]. A promising multi-

center study comparing levofloxacin versus isoniazid in liver-transplant candidates and recipients 

was stopped early due to a high incidence of sometimes-severe tenosynovitis though a small case 

series also reported infrequent ADRs with a fluoroquinolone-based regimen [44, 45]. Still, because 

efficacy and safety have not been sufficiently demonstrated relative to 9H, 4R (or 4 months of 

rifabutin), or 3HP, fluoroquinolone-based regimens cannot be routinely recommended. 

2.2 Prevention of Donor Derived Infection 

2.2.1 Can TB Be Transmitted through SOT? 

Over 30 cases of donor-derived TB have been reported [38, 46]. Viable TB bacilli from 

transplanted organs, lymphatic tissue or other structures associated with transplanted organs, or 

presumably uncommonly in blood are likely sources of donor-derived TB. While lung transplant 

recipients accounted for more cases than other SOT recipient groups, kidney, heart, and liver SOT 

recipients have also developed donor-derived TB [38, 46]. Donor-derived TB often occurs early, 

with a median time to occurrence of approximately 3 months after SOT [38, 46]. 
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2.2.2 Should Organ Donors Be Screened for LTBI? 

Though no evidence is available to guide recommendations on prevention of donor-derived TB, 

a consensus conference report outlines a sensible approach [47]. These recommendations 

prioritize avoiding SOT in the context of a donor with active TB. To this end, providers should use 

history, physical examination, and CXR to evaluate for active TB among living and deceased donors. 

Bronchoscopy should be performed on lung donors for AFB cultures in case of unrecognized active 

TB. Among donors from TB-endemic countries, particularly in the context of kidney 

transplantation, urine studies (including urinalysis and AFB urine cultures) and genitourinary 

imaging should be considered to rule out genitourinary TB. Living donors should also generally be 

screened for LTBI with an MTB IGRA or TST; there is insufficient evidence to recommend routinely 

performing MTB IGRA or TST on deceased donors. 

For deceased donors with a history of LTBI who were insufficiently treated, LTBI recipient 

should be considered for the recipient, particularly in the case of lung transplant. Living donors 

with a positive MTB IGRA or TST can undergo a full course of treatment before donation if time 

allows. Alternately, SOT can proceed and the recipient can be treated subsequently. 

2.3 Diagnosis and Treatment of TB Disease 

2.3.1 How Does Active TB Present after SOT and How Should Diagnosis Be Pursued? 

Compared to immunocompetent patients with TB, SOT recipients with TB are more likely to 

present with extrapulmonary or disseminated disease (in nearly half of cases) [38]. Pulmonary TB 

occurred in over three-quarters of lung transplant patients with post-transplant TB [38]. While 

pulmonary TB was the most common manifestation of post-transplant TB in kidney transplant 

recipients, among  patients with extrapulmonary TB, the urinary tract was a frequent site of 

involvement [38]. 

Radiographic findings in pulmonary TB can be subtle or non-specific; CXRs can be normal or can 

have lobar consolidations, interstitial infiltrates, or nodules [38, 48]. Cavitary disease occurs but is 

less common than other radiographic features; still, upper lobe disease predominates as with 

immunocompetent patients with pulmonary TB [38, 48, 49]. Patients with donor-derived TB 

sometimes present with organ-specific manifestations, for example allograft-related wound 

dehiscence or abscess due to TB [50, 51].   

2.3.2 How Should Patients with Active TB after SOT Be Treated? 

Treatment of SOT recipients with TB mostly follows general principles for treatment of TB [52]. 

Multidrug therapy is initiated pending antimicrobial susceptibility testing results; therapy is 

initiated empirically after specimens are obtained for culture when there is a high suspicion for 

active TB without waiting for culture confirmation. Still, some unique features of SOT recipients 

influence therapeutic considerations. Daily, rather than intermittent therapy, should likely be used 

as in the case of other immunocompromised patients [52]. Pyridoxine should be universally 

administered given the frequent multiple comorbidities of SOT recipients [52]. These patients 

should be evaluated at least monthly with blood counts and chemistries [52]. 
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Drug interactions pose particular challenges in this population. As discussed previously, 

rifampin is associated with significant decreases in CNI effectiveness, and to a lesser extent the 

effectiveness of mycophenolate and corticosteroids. Still, given the critical role of rifamycins in 

treatment of TB and prolonged duration of treatment required when using rifamycin-sparing 

regimens (at least 12-18 months), regimens should almost always contain a rifamycin [52]. 

Rifabutin should generally be used in place of rifampin since rifabutin is a less potent inducer of 

drug metabolism, though its effects can still be pronounced. Rifamycins (particularly rifampin) also 

substantially induce metabolism of mold-active azoles frequently used for prophylaxis or 

treatment in the context of SOT [53, 54]. In patients for whom mold-active azole use is important, 

rifabutin should similarly be preferentially used. Isavuconazole should likely be avoided given lack 

of widely available therapeutic drug monitoring (TDM); posaconazole suspension and itraconazole 

are relatively poorly absorbed. Posaconazole tablets and voriconazole are more likely to attain 

therapeutic levels when co-administered with rifamycins. Unlike rifampin, there are bidirectional 

DDIs with rifabutin: mold-active azoles are CYP inhibitors which may increase rifabutin levels; 

rifabutin TDM may be indicated in these cases. 

Renal and hepatic disease, not uncommon in SOT recipients, pose additional management 

challenges. Among first-line drugs, ethambutol and pyrazinamide require dose adjustment in the 

context of renal insufficiency [52]. Ethambutol can be particularly dangerous in the context of 

renal impairment given risk of optic neuropathy; TDM or replacing ethambutol with moxifloxacin 

or levofloxacin can be considered in these patients [52]. Patients with baseline liver disease should 

be monitored closely since DILI associated with TB medications could be devastating. In patients 

with severe baseline liver disease, some providers omit pyrazinamide, which requires extending 

total treatment to 9 months [52]. Another option for patients with severe baseline liver disease 

involves avoiding isoniazid and pyrazinamide by treating with rifampin, ethambutol, and 

levofloxacin or moxifloxacin though treatment is typically extended to 12 months [52]. Finally, for 

patients with severe, unstable liver disease who have no physiologic reserve for any DILI, a 

regimen with little or no potential for hepatotoxicity could be employed, such as ethambutol, 

levofloxacin or moxifloxacin, cycloserine, and an injectable agent with a total treatment duration 

of 18 months [52].  

2.3.3 Can Patients with Active TB Undergo SOT? 

Active TB has historically been considered a relative contraindication to SOT. Ideally, TB 

treatment would be completed before SOT to reduce the risk of worsening infection, DDIs, and 

ADRs associated with hepatotoxic or nephrotoxic medications. Still, SOT during treatment for 

active TB could be considered in selected patients, particularly among patients with drug-

susceptible TB who are responding to TB therapy and when delaying SOT would be dangerous. 

Successful outcomes of SOT in the context of active TB are encouraging, including in patients with 

acute liver failure due to DILI associated with anti-TB drugs [55]. 

3. Conclusions 

SOT is an important risk factor for TB reactivation and can often be prevented with screening 

and treatment of LTBI. Occasionally, TB can develop due to donor-derived infection. TB can 
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present differently in SOT recipients than in others; treatment is complicated by drug interactions 

and ADRs, though is usually successful. 
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