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ABSTRACT
Liver transplantation for end-stage liver disease is increas-
ingly being undertaken in India.1 Routine tuberculin skin 
testing (TST) for latent Mycobacterium tuberculosis infection 
(LTBI) and isoniazid prophylaxis in TST-positive liver-
transplant recipients (LTRs) is recommended2,3 but seldom 
implemented worldwide.4–7 The role of TST-testing and 
isoniazid prophylaxis in LTRs remains further undefined in 
high prevalence areas, including India. We describe the 
burden of LTBI in LTRs; the epidemiological aspects of 
M. tuberculosis infection in high prevalence areas; identifiable 
risk factors for M. tuberculosis infection; the limitations of 
current diagnostic techniques for LTBI in LTRs and the 
efficacy and toxicity of isoniazid prophylaxis in TST-positive 
LTRs and suggest directions for future investigations in 
this area.

INTRODUCTION
Liver transplantation for end-stage liver disease is increas-
ingly being undertaken in India and more than 500 liver 
transplants are being performed each year in this country. 
There has been a significant improvement in survival fol-
lowing liver transplantation in India, with centers reporting 
survival equivalent to the west.1 About 343 liver trans-
plants were performed by 2007 and the past 3 years have 
seen the establishment of several successful liver trans-
plant units in this country.1 The huge burden of end-stage 
liver disease in India, the increased use of living donor-
transplants, increasing affordability of the population and 
comparable success rates suggest that the number of liver 

transplants is likely to increase even further in the near 
future.

Tuberculosis is a major cause of morbidity and mortal-
ity in LTRs.2,8 Recipients are vulnerable to develop 
tuberculosis either by reactivation of latent infection, rein-
fection in the community or transmission from infected 
graft.8 The prevalence of post-renal transplant tuberculo-
sis varies from 13.3% in India9 to 15.2% in Pakistan10 and 
is about 20–74 times that of the general population. Data 
on the prevalence of tuberculosis post-liver transplanta-
tion remains scarce in the sub-continent. In our own 
institute the prevalence of post liver transplant tuberculo-
sis is 3.5% (7 of 200, unpublished data). The diagnosis and 
management of tuberculosis post-liver transplantation 
presents several challenges. First, the diagnosis may be 
delayed due to the increased frequency of atypical mani-
festations and extra-pulmonary tuberculosis (60%) and 
the poor sensitivity and specificity of diagnostic tools.8,11 
Therapeutic dilemmas can arise due to drug interactions 
between rifampicin and tacrolimus (and steroids). Further-
more, the concern about hepatotoxicity of anti-tuberculosis 
medications (ATT) and the need of invasive biopsies to iden-
tify the cause of abnormal transaminases while on ATT are 
the reasons isoniazid is seldom prescribed in LTRs. Post-
transplant tuberculosis remains a life-threatening disease 
with mortality ranging from 18% to 32%.12

The Burden of Latent Mycobacterium tuberculosis 
Infection in Liver Transplant Recipients 
in India
Tuberculosis continues to be a global scourge. The WHO 
estimated about 9.4 million incident cases, including 1.3 
million deaths in 2009. India has the highest tuberculosis 
burden in the world, accounting for 2 million (21%) of 
the global incidence. It is estimated that 40% of India is 
infected with M. tuberculosis.13 The incidence of new smear-
positive tuberculosis is estimated as 75 per 100,000 and 
the prevalence is estimated at 3.8 million smear-positive 
cases. This huge infective burden (ongoing re-infection) 
along with a very large susceptible population at risk for 
reactivation is responsible for fuelling the epidemic of tu-
berculosis in India.13 The prevalence of LTBI in LTRs in 
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Limitations of Current Diagnostic Techniques 
for Mycobacterium tuberculosis Infection in Liver 
Transplant Recipients
Active tuberculosis can frequently be asymptomatic and 
needs to be ruled out in the transplant candidate.20 The 
role of TST in potential LTRs for diagnosis of LTBI is con-
troversial.3,21 Guidelines recommend tuberculin testing 
and repeat testing a week later in negative patients; treat-
ment of patients with ≥5 mm induration with 9 months 
of isoniazid is also recommended.3 TST has very poor 
positive predictive value in identifying post-transplant tu-
berculosis. In a review of 2972 patients in reported studies 
of liver transplantation, 926 had a TST placed (31%), and 
124 were positive (13% of those tested).2 In an analysis of 
the GESTIRA database, only 46.1% (695/1507) of poten-
tial recipients received TST prior to transplant. 23.3 per-
cent were TST-positive (≥5 mm 162/695); however, only 
29.6% (48/162) of these patients received prophylaxis 
prior to liver transplantation.22 Interestingly, the propor-
tion of patients tested and given prophylaxis decreased 
when compared to the previous decade. Data from TST-
testing prior to renal transplantation in India suggests a 
low PPV of 5.2–23.8% for post-transplant tuberculosis.15 
The predictive value of chest radiographs alone has not 
been studied in Tx-TB. There is an increasing interest in 
the role of IFN-γ release assays (IGRA) in predicting LTBI 
in LTRs.23 The value of a single IGRA is not better than 
TST23 in LTRs. Furthermore IGRAs cannot rule out active 
tuberculosis24 and tuberculosis has been reported in 
recipients with negative IGRA results.25 The value of serial 
testing of IGRA’s to predict tuberculosis remains to be 
explored in LTRs.

Efficacy and Toxicity of Isoniazid Prophylaxis in 
Tuberculin Skin Testing-positive
Liver-Transplant Recipients
Isoniazid prophylaxis for TST-positive individuals is 
associated with a 90% reduction in the risk of active tuber-
culosis in patients with recent tuberculin conversion.26 
Patients with positive-TST due to prior infection and TST-
negative recipients do not benefit from isoniazid prop-
hylaxis. Further, the efficacy of isoniazid is related to 
completion rates, which are generally <50%. The poor 
compliance with the standard 9-month regimen has pro-
moted interest in shorter regimens and a 3-month 
observed weekly isoniazid and rifapentine regimen in im-
munocompetent patients has recently been shown to be as 
efficacious as a 9-month isoniazid regimen. No trials till 
date have compared the utility and toxicity of isoniazid in 
TST-positive liver transplant recipients. Observational 
data suggests that isoniazid-related hepatitis occurs in 
6–20% of LTRs and isoniazid is poorly tolerated.2,21 Data 
from trials of isoniazid prevention in renal-transplant 
recipients suggest that the value of isoniazid prophylaxis 

India is unknown; however, data from renal transplanta-
tion suggests a high burden of LTBI and tuberculosis in 
India.10,14,15

Epidemiological Aspects of Mycobacterium 
tuberculosis Infection in Liver Transplant 
Recipients in High Prevalence Areas
Immunosuppression is a well-described risk factor for 
tuberculosis. Tuberculosis occurs in 1.2–6.4% and up to 
15% of solid-organ transplant (SOT) recipients in developed 
and endemic countries respectively.16 The incidence of tu-
berculosis disease among solid organ transplant recipi-
ents is thus 20–74 times that for the general population.8 

Diagnosis may be challenging because of the increased 
frequency of extra-pulmonary and atypical presentations 
seen. Treatment also presents special problems because 
interactions between immunosuppressive drugs and 
anti-tuberculosis therapy. The burden of post-liver trans-
plantation tuberculosis (LT-TB) in the sub-continent is 
unknown; the incidence of tuberculosis is 0.7–2.3% among 
adult liver transplant recipients and 2.5% among pediatric 
liver transplant recipients in developed countries.8 Data 
from renal transplantation experience in the subcontinent 
suggests that 9% have evidence of active tuberculosis during 
pre-operative evaluation and that 13.3–15% develop tuber-
culosis post-renal transplantation.12,14 Age, diabetes melli-
tus, co-existing infections, use of cyclosporine are described 
risk factors for post-renal transplant tuberculosis.14

The most common form of acquisition of tuberculosis 
after transplantation is the reactivation of latent infection 
in patients with previous exposure.8 Re-infection is also 
common in endemic areas with high transmission rates. 
The relative importance of re-activation and re-infection 
has been debated and ongoing re-infection is responsible 
for a significant proportion of new infections in high-
prevalence areas. Donor-transmitted tuberculosis (both 
living and cadaveric) accounts for about 4% of all LT-TB.2 
Another concern in high-transmission areas is nosocomial 
tuberculosis in SOT-recipients. Nosocomial transmission 
is well described in immunocompetent healthcare workers 
and HIV-infected patients.17 Data from India suggests an 
incidence of 11.2 cases per 1000 in healthcare workers 
(HCWs) with a 15-fold increase over the population 
incidence.18

Identifiable Risk Factors for Mycobacterium 
tuberculosis Infection and Disease
Among immunocompetent patients infected with 
M. tuberculosis, approximately 5–10% will develop active tu-
berculosis in their lifetime.19 This risk is increased 10–70 
fold by immunosuppression.8,19 Prior treated tuberculosis, 
radiologic evidence of prior tuberculosis and contact with 
a patient with tuberculosis are risk factors for post-liver 
transplant tuberculosis.
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is unclear and further multi-centric trials are war-
ranted.27,28 Trials from India in particular have shown 
lack of efficacy of isoniazid in this setting.29,30

Directions for Future Investigations in 
Latent Mycobacterium tuberculosis Infection in 
Liver Transplantation
Data on the prevalence of LTBI and tuberculosis in 
LTRs in cohorts from high-prevalence areas is urgently 
needed. Once the prevalence is recognized, the value of serial 
IGRA-testing or pre-transplant computed tomography 
(CT) in predicting LT-TB needs to be evaluated. Future 
trials on chemoprevention can utilize fluroquinolones in 
LTBI in LTRs given their favorable efficacy, lack of hepato-
toxicity and potential benefits in reduction of bacterial 
infections.

CONCLUSION
In India, about 44% of SOT-candidates have evidence of 
M. tuberculosis infection and 9% have evidence of active tu-
berculosis during pre-operative evaluation. The preva-
lence of post-renal transplant tuberculosis varies between 
11.8 and 13.3%. An extensive search for active tuberculosis 
must be made prior to liver transplantation. Most patients 
develop pulmonary or disseminated disease post-renal 
transplantation. All recipients need to be evaluated for 
symptoms of active tuberculosis, prior tuberculosis or 
contact with a sputum-positive index patient with tuber-
culosis. Routine chest radiograph for evidence of tubercu-
losis is appropriate in high-prevalence areas but the role of 
routine chest CT needs further evaluation. TST has poor 
positive predictive value for predicting post-transplanta-
tion tuberculosis and the high prevalence of anergy in 
cirrhotics also suggests that routine tuberculin testing has 
no role in LTRs. The role of interferon-γ release assays 
needs further evaluation in this setting. About a third of 
LTRs discontinue isoniazid prophylaxis due to toxicity.

An extensive search for active tuberculosis must be 
made prior to liver transplantation. Isoniazid prophylaxis 
must be restricted to recipients with radiologic evidence 
of healed tuberculosis, recipients of donors with evidence 
of tuberculosis, or recipients reporting exposure to pa-
tients with pulmonary tuberculosis. Further researches to 
identify markers to predict post-liver transplant tubercu-
losis are urgently needed.
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