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Abstract: Liver transplant is considered the best choice for treating various end-stage liver diseases either at 
home or abroad. Among patients of liver transplant complicated with tuberculosis (TB), the incidence and 
mortality of postoperative active TB are bound to increase remarkably. Diagnosing and treating TB in patients 
with end-stage liver diseases who received immunosuppressants after liver transplant are difficult because of 
the absence of specific clinical manifestations while being complicated with TB, reduced sensitivity to cellu-
lar immunoassay, and interaction between anti-TB drugs and immunosuppressants. Therefore, the screening 
of high-risk groups, improvement in diagnostic accuracy, preoperative treatment, and reduced interaction 
between anti-TB drugs and immunosuppressants can help optimize diagnosis and treatment regimes and 
thus further improve the prognosis of patients.
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Tuberculosis (TB) is a serious global epidemic. Based on the 2015 Global Tuberculosis Report published by 
the World Health Organization in 2014, the number of new cases worldwide was 9.6 million. Among them, 
940,000 new cases were found in China, with an incidence of 0.68%. The incidence of active TB among 
patients who have undergone a solid organ transplant (SOT) is higher than that of the general popula-
tion. The incidence of TB is approximately 1.2%–6.4% in developed countries and even up to 12% in areas 
with a higher prevalence [1], whereas the incidence in China is approximately 1.52%–2.29% [2–4]. The inci-
dence varies with the type of organ transplant [1, 5] with approximately 0.47%–2.3% among patients who 
have undergone a liver transplant [6–9]. Interactions exist between immunosuppressant and anti-TB drugs 
because the diagnosis and treatment of TB complications is difficult with liver transplant, wherein the drug 
resistance of Mycobacterium tuberculosis increases as the prevention, diagnosis, and treatment of TB face 
many problems.

1  Pathogenesis and prognosis
The risk of TB in liver transplant patients is affected by many factors but mainly depends on the preva-
lence and postoperative immunosuppression in the locality where the donor/recipient lived. The pathoge-
nic pathways of TB after an organ transplant are classified roughly into the following groups: activation of 
pathogenic bacteria in past carriers of M. tuberculosis, primary TB infection (TBI) after transplant, and direct 
spread by the donor’s organ. The first group is the most important cause, that is, latent pathogens of old TB 
lesions are activated in patients [10]. The second is less likely to occur with only a few cases reported [6, 11], 
and the third accounts for 5% of all the cases with active TB after an organ transplant [8]. The risk factors 
for an infection of active TB in SOT patients mainly involve [1, 5] whether the patients are aged, AB blood 
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type, non-white, or complicated with other diseases, such as chronic renal failure, hematodialysis, chronic 
liver disease, diabetes mellitus, graft rejection, and have received immunosuppressants [12]. Purified protein 
derivative (PPD)-positive before and after transplant and TB-related imaging manifestations (miliary pattern, 
cavity, punctate apical infiltrates) revealed by chest X-ray are independent risk factors associated with the 
progression of early onset TB [7].

The mortality of TB patients complicated with liver transplant is high, and the causes of death chiefly 
cover disseminated TBI and early rejection after transplant [6]. The prognosis of such patients is poor mainly 
due to complex interactions between anti-TB drugs and immunosuppressants, which cause difficulty in the 
regulation of the degree of immunosuppression and then lead to severe rejection. In addition, the difficulty 
in early diagnosis and treatment is also an important reason for the poor prognosis. Studies have summa-
rized that the susceptible population is mostly liver transplant receptors among the SOT cases complicated 
with TB in recent years (2008–2011), and the mortality is nearly 10% with a significant decrease compared 
with that in previous years (21%) [13].

2  Diagnosis
Approximately one-third to half of TB patients after liver transplant may have disseminated symptoms or ext-
rapulmonary TB with atypical clinical and imaging manifestations. However, only approximately15% of pati-
ents with normal immune systems exhibit the abovementioned manifestations [1]; thus, timely detection or 
diagnosis of the condition is difficult. Pathogenic detection is the gold standard for the diagnosis of TBI, but 
using cellular immunological test is still recommended to screen latent TBI (LTBI) in SOT donor–recipients 
for early treatment.

2.1  LTBI

LTBI is a preclinical stage that is still asymptomatic. Existing diagnostic tests of LTBI are primarily on the 
basis of the interactions between reactive T-lymphocytes and M. tuberculosis antigens. The most commonly 
used screening methods in clinical practice include tuberculin skin test (TST) and interferon–gamma release 
assay (IGRA).

2.1.1  TST

TST is used to measure the diameter of induration in a local area 48–72 h after delayed type hypersensitivity 
is produced by subcutaneously injecting PPDs of tuberculin. Among the general population, the sensibility 
and specificity of LTBI are better when the diameter of induration is no less than 15 mm. TST detection sen-
sitivity of patients with impaired cellular immunity may be reduced. For organ transplant recipients with 
active diseases excluded and bacillus Calmette–Guérin (BCG) vaccinated, the diameter of induration no less 
than 10 mm is considered as positive. However, if the diameter of induration is no less than 5 mm, then a 
possible presence of LTBI is suggested [14]. TB is likely caused in the TST-positive patients who have been vac-
cinated for BCG for a long time. Therefore, TST-positive can be used as diagnostic evidence for LTBI in adults. 
However, patients who are waiting for liver transplant are less sensitive to TST due to skin dysfunctions in 
patients with end-stage liver disease. Researchers used flow cytometry to detect PPD-specific T-lymphocytes 
in isolated blood. The results showed that the number of T-lymphocytes in patients who are waiting for liver 
transplant is the same as that in immune-competent hosts. However, only 50% of patients with PPD-positive 
in blood are TST-positive before transplant [15]. A retrospective study of 139 patients with active TBI revealed 
that the preoperative TST-positive rate is only 37% [16]. Therefore, TST is usually used for screening latent TB 
but is insufficient as a basis for diagnosis.
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2.1.2  IGRA

IGRA is an in vitro immunoassay for infections with M. tuberculosis consisting of QuantiFERON-TB In-Tube 
(QFT-IT) and T cell spot (T-SPOT) tests. The immunoassay stimulates the secretion of protein-specific immu-
nogens from M. tuberculosis and that of γ-interferon from peripheral blood monocytes in TB patients, who are 
detected by enzyme-linked immunosorbent assay (ELISA) or enzyme-linked immunospot assay (ELISPOT) 
methods [17, 18]. The specificity and sensibility of TBI detected by IGRA are higher than those of TST, wherein 
the results are not susceptible to BCG vaccination and most of nonpathogenic mycobacteria [19].

TST and IGRA are highly consistent in the general population. The World Health Organization recom-
mends IGRA for the diagnosis of TBI. Many local and foreign studies have shown that specificity and sen-
sibility of LTBI detected by IGRA in SOT patients are also very high and even higher than those of TST [19]. 
However, the operating costs of IGRA are higher than those of TST, and the diagnostic value is still controver-
sial in patients with end-stage liver diseases who are receiving immunosuppressants [20]. Researchers have 
observed 954 TBI patients with normal immune functions up to 4 years, wherein 19 cases eventually develo-
ped to active TB, 198 cases were found with positive results at the beginning of IGRA screening, 242 cases had 
a diameter of induration greater than 10 mm at TST screening, and 604 cases had a diameter of induration 
greater than 5 mm. Results showed that the 19 cases were positive at the beginning of IGRA screening, but 
only 10 cases (52.6%) had a diameter of induration greater than 10 mm and 17 cases (89.5%) had a diameter 
of induration greater than 5 mm at the beginning of TST screening. These findings indicated that IGRA has a 
higher specificity in the diagnosis of TB progression, but its positive predictive value is not enough to directly 
identify the dangerous population [21]. In 2014, meta-analysis [22] was performed to evaluate the clinical 
value of IGRA in the diagnosis of preoperative LTBI in SOT patients with a total of six studies and 751 cases. 
Results suggested that if their QFT-IT results were positive, then patients cannot be diagnosed with LTBI; 
and if their QFT-IT results were negative, then the possibility of infection may basically be ruled out. If their 
T-SPOT results were positive, then patients were less likely to have LTBI; if the results were negative, then the 
possibility of the infection may basically be ruled out.

In summary, IGRA has a higher sensibility and specificity and greater diagnostic value considering the 
diagnosis of LTBI. However, existing immunological diagnostic methods including IGRA remain incapable of 
identifying or diagnosing LTBI. Thus, a full-dress inquiry about such patients is recommended for identify-
ing their medical and TB contact histories to determine related symptoms and signs and provide an overall 
assessment with a series of auxiliary examinations, such as chest X-ray.

2.2  Active TB

The treatment of active TB after liver transplant is difficult; thus, preoperative diagnosis and treatment is 
conducted as thoroughly as possible. TB is the most common abortive TB liver transplant [7], wherein the 
main clinical manifestations include fever, cough, expiratory dyspnea, adenopathy, and atypical manifesta-
tions, such as suppurative myositis, skin ulcer, and/or tenosynovitis [2]. Typical symptoms of night sweat and 
weight loss in TB are uncommon in patients who have undergone liver transplant. Therefore, if a liver trans-
plant patient has a fever of unknown origin, especially if a history or a suspected diagnosis of LTBI exists, 
then the possibility of TBI should be considered. Even in imaging examinations, classic cavital changes are 
available in TB patients, except for pulmonary consolidation, miliary pattern, nodules, linear shadows, 
pleural effusion, and diffused pulmonary interstitial disorders. Bone and joint TB [1] is chiefly manifested 
as bone destruction, hyperosteogeny, bone sequestration, paravertebral and psoas abscess, and disk failure 
[23]. Intracranial TB is mainly characterized by meningeal irritation that can cause typical severe headaches, 
cerebrospinal fluid, cisternal narrowing, and meningeal thickening [24]. Renal TB is commonly manifested 
with frequent urination, odynuria, urgent urination, hematuresis, turbid urine, lumbago, and whole body 
poison symptom clinical practice and with hydronephrosis, renal calcification, nephrarctia, and bladder 
contraction, as revealed by imageological examinations [25]. However, the above abnormalities are rare, 
atypical, and of limited value in TB diagnosis. Other clinical manifestations also include graft failure and 
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complications with other pathogenic infections [10], including CMV, community-acquired pneumonia, and 
infection with nocardiaceae and aspergillus, wherein the combined infection rate is up to 23%. Diagnosis of 
TB in these types of patients is more difficult [7].

Diagnosis of active TB requires the isolation of M. tuberculosis. Neither TST nor IGRA is suitable for 
the diagnosis of active TB because of the reduced sensitivity of detection in active TB patients and the ina-
bility to identify whether the TBI is latent or active. For suspected TB patients, repeated brine stimulation 
of deep coughing, bronchoalveolar lavage, and lung biopsy are helpful for diagnosis to a certain extent [1, 
2]. However, isolating M. tuberculosis is more difficult from those sputum specimens extracted from extra-
pulmonary lesions and can be aided by invasive procedures, such as bronchoscopy, laryngoscopy, tissue 
biopsy, and bone marrow biopsy [7]. 18F fluorodeoxyglucose (FDG) positron emission tomography/Computed 
Tomography (PET/CT) imaging can provide diagnostic information for active TB that behaves like malignant 
tumors [26]. Majority of immunosuppression patients who are clinically suspected with TB are negative by 
acid-fast staining. However, approximately 50% of patients are positive after repeated testing. The presence 
of any persistent pathological abnormality, such as granuloma and acid-fast bacillus, is also an indication for 
anti-TB treatment. Moreover, patients with prolonged fever are always negative in the pathogenic culture and 
examinations due to atypical imaging manifestations and even non-apparent abnormality. If the patients do 
not progress after being treated with sensitive antibiotics for more than 2 weeks, such cases should be highly 
suspected with TB. Where appropriate, patients should be sent for diagnostic anti-TB treatment as soon as 
possible, and if the treatment is effective within approximately 2–3 weeks, then diagnosis is definitive.

3  Treatment

3.1  Prophylactic chemotherapy regimen

LTBI patients after liver transplant are difficult to diagnose and easier to progress to active TB than the normal 
population. Therefore, patients with high-risk factors should be vigilant and should undergo prophylactic 
chemotherapy. The selection of drugs for prophylactic chemotherapy should be based on the drug resistance 
of local M. tuberculosis, recipients’ primary diseases, drug toxicity, between-drug interaction, and compli-
ance. The more commonly used treatment regimes include anti-TB treatments with isoniazid for 9 months 
combined with vitamin B6 for the prevention of nerve injury or rifampicin for 4 months [26]. Our guideline 
suggests that the preventive treatment regimen should be the same as the local general population [27].

A variety of anti-TB drugs, such as isoniazid, rifampicin, and pyrazinamide, have hepatotoxicity, and the 
drug combination causes greater liver damage than a single drug, which is extremely unfavorable for patients 
before and after liver transplant. As reported in a study in Spain in the early years [28], 50% (12) of the 24 TB cases 
waiting for liver transplant had liver damage in the anti-TB treatment. Therefore, anti-TB treatment should be 
postponed until after the transplant [9, 29, 30]. However, other researchers have different views and maintained 
that such patients were safe to undergo anti-TB treatment [29–31]. Singh et al. [30]. enrolled 18 LTBI patients 
waiting for liver transplant (average Child–Pugh scoring: 8 points), wherein liver function test results showed 
that the treatment with isoniazid for 12 months was not significantly different from that of the untreated control 
group, and the patients did not need to stop treatment. Similar studies have also shown that receiving anti-TB 
treatment is safe with isoniazid for 9 months or rifampicin for 4 months [31]. At present, the correct time for 
anti-TB treatment of patients who have undergone liver transplant is still uncertain. Most researchers believe 
that anti-TB treatment before the transplant is feasible for compensated cirrhosis patients. However, anti-TB 
treatment is better to start after the organ transplant [32] for decompensated cirrhosis patients. Moreover, deter-
mining whether the liver transplant is safe for those who are already under anti-TB treatment is still unknown.

Liver functions should be closely monitored after the anti-TB treatment begins. Liver functions should be 
examined once every 2 weeks within the first 6 weeks and once every month after that period of time [29]. If 
patients have gastrointestinal symptoms and their aspartate transaminase (AST) and/or Alanine transami-
nase (ALT) levels exceed the upper limit(s) or the AST and/or ALT levels exceed the upper limit(s) five times 
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even without clinical symptoms, discontinuing the anti-TB drugs is recommended [27]. For patients with 
severe liver disease who cannot routinely use anti-TB drugs, scholars recommend on the basis of their clinical 
experience that the combined administration of levofloxacin+ethambutol should be administered for at least 
6 months [7, 9]. However, further studies must be conducted on the efficacy of such a treatment.

3.2  Treatment of active TB

Liver toxicity is part of the basic anti-TB drugs, which may interact with immunosuppressants. At present, 
no consensus is available on treatment regimens for active TB in liver transplant patients. These treatment 
regimens, as recommended in the guidelines, are mostly derived from certain experiences in the treatment 
of the population with normal immune functions or immunodeficiency diseases such as HIV, and evidence-
based support is lacking for randomized controlled trials. The latest guidelines present that the standard 
quad-combined anti-TB treatment regimens can be used for adequate regular treatment with the same with-
drawal indications as above for patients without clear abnormal liver function abnormalities [27]. Patients 
with abnormal liver functions should use anti-TB drugs with due care because of hepatotoxicity. Non-hepa-
totoxic second-line anti-TB drugs, such as streptomycin+ethambutol+quinolones, can be used for treatment 
with a higher sensitivity but a lower incidence of rejection [33]. At present, a commonly used treatment 
regimen is isoniazid aminosalicylate and/or rifamycin with the course of treatment lasting for approximately 
9–12 months. Second-line anti-TB drugs may be added depending on the specific efficacy. Taking the medica-
tion on a daily basis is recommended compared with taking the medication only two to three times a week, 
making the patient more susceptible to drug resistance [34] and even relapse [35]. Intermittent medication 
may also cause the concentrations of immunosuppressants to fluctuate greatly, thereby increasing the risk 
of insufficient immunosuppression.

The course of anti-TB treatment is subject to various factors, such as severity of disease, type of drug, the-
rapeutic response, and bacterial resistance. For patients with local or mild TB lesions, rifamycin should be 
avoided in the early stages of treatment to reduce the risk of transplant rejection. Evidence suggests that the 
treatment regimen based on isoniazid aminosalicylate+rifampicin/rifapentine must last for approximately 
9–12 months [9] (approximately 18–24 months for scrofula). If the course of treatment is less than 6 months, 
then recurrence and mortality will increase significantly [33].

A main problem of anti-TB treatment in liver transplant recipients is how to mitigate the effects of drug 
interactions. Through the interactions between the cytochrome P450 metabolic pathway and calcineurin 
inhibitor/mTORi, rifampicin may reduce the plasma concentrations of immunosuppressants, such as cic-
losporin, tacrolimus, sirolimus, mycophenolate mofetil, and cortisol, thus influencing the efficacy [36]. 
As recommended in the guidelines, rifampin should be avoided as much as possible in anti-TB treatment 
combined with SOT [9]. The drug has bee reported in the early years to cause transplant rejection [37]. 
Recent studies have found a few cases with organ rejection after using rifampicin [38, 39], and neither the 
incidence of such rejection after transplant nor the mortality of TB is related to whether rifampicin is used 
as a basic anti-TB drug [12]. No significant difference exists between the two groups of TB patients treated 
with levofloxacin and rifampicin in the incidence of organ rejection or the mortality of TB, respectively 
[40]. Rifabutin has anti-TB activity similar to that of rifampicin. However, the rifabutin-induced activity of 
the cytochrome P450-3A4 enzyme (CYP3A4) is weaker than rifampicin; thus, the concentration of immu-
nosuppressants is maintained better [41]. Whether rifampicin or rifabutin was used, the concentrations of 
immunosuppressants should be closely monitored, and the doses of immunosuppressants shall be adjus-
ted appropriately.

Recently, the use or combined use of linezolid has shown significant clinical efficacy in anti-TB treatment. 
Linezolid is an oxazolidinone antibiotic and is safe in the treatment of mild or moderate hepatic insufficiency 
without affecting the concentrations of immunosuppressants with in vitro/in vivo activity on M. tuberculosis, 
as found in the drug development phase [42]. However, the efficacy still lacks evidence from large-sample 
and multi-center random controlled trials. Long-term application of linezolid may cause myelosuppression, 
gastrointestinal reactions, peripheral neuritis, and other adverse effects, wherein male and elderly patients 
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are more susceptible [43]. Careful monitoring of hepatic and renal functions, routine blood test, and lactic 
acid is necessary to avoid serious adverse effects while using linezolid in anti-TB treatment.
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