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Solid organ transplant (SOT) recipients are at risk for opportunistic infections including tuberculosis. Al-
though guidelines on the management of latent tuberculosis and active tuberculosis are available, there remain
a number of clinical areas with limited guidance. We discuss challenges in the diagnosis, management, and treat-
ment of latent and active tuberculosis in SOT candidates and recipients who reside in low-tuberculosis-
prevalence areas. We discuss the diagnosis of latent tuberculosis in SOT candidates/recipients using tuberculin
skin tests and interferon-γ release assays and risk stratification of SOT candidates/recipients that would identify
individuals at high risk for latent tuberculosis despite negative test results. Through a careful review of posttrans-
plant tuberculosis cases, we identify a history of treated tuberculosis in SOT recipients as a risk factor for devel-
opment of posttransplant active tuberculosis. Finally, we include comparisons of recommendations by several
large transplant organizations and identify areas for future research.
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Solid organ transplant (SOT) recipients are at increased
risk for opportunistic infections due to lifelong immu-
nosuppression. The risk for active tuberculosis in SOT
recipients is estimated to be 20–74 times higher than in
the general population [1]. Guidelines on the manage-
ment of latent tuberculosis and active tuberculosis
in SOT candidates and recipients are available [2–4]. In
this article, we discuss the challenges encountered in
the prevention of tuberculosis in SOT recipients using
illustrative cases. In discussing these challenges, we
review recommendations from published guidelines,
highlight areas with limited or differing recommenda-
tions, and offer our perspective based on clinical expe-
rience. The discussion is limited to low-prevalence
settings, as the management of latent tuberculosis and
active tuberculosis in the SOT population may differ by
tuberculosis prevalence.

BACKGROUND

The frequency of active tuberculosis in SOT recipients
in low-prevalence regions (<20 tuberculosis cases per
100 000 population) varies from 0.26% to 6.5% [5–7].
We reviewed published reports from the United States
of tuberculosis in SOT recipients and identified 160
cases (Supplementary Data). This underrepresents the
true burden of tuberculosis in the SOT population, as
45 cases of tuberculosis in individuals with a history of
SOT were reported to the US Centers for Disease
Control and Prevention (CDC) in 2010 alone (personal
communication, Thomas Navin, CDC). In addition to
an increased risk for tuberculosis, tuberculosis-associated
mortality is higher in SOT recipients (6%–22%) [6–9],
compared to other tuberculosis patients (<5% in the
United States) [10]. Features of tuberculosis in SOT recip-
ients and comparisons to tuberculosis in non-SOT recipi-
ents are presented in Table 1.

IDENTIFICATION OF SOT PATIENTS AT
RISK FOR TUBERCULOSIS INFECTION

Case 1
A 64-year-old man underwent lung transplant for
idiopathic pulmonary fibrosis. He was born in the
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Philippines and had lived in the United States for 30 years. Pre-
transplant evaluation while the patient was on prednisone and
azathioprine revealed a negative tuberculin skin test (TST).
Three months posttransplant, he developed a febrile illness and
respiratory failure. Bronchoalveolar lavage (BAL) fluid grew
Mycobacterium tuberculosis. Despite initiation of a 4-drug
regimen, he died 4 months after transplant due to respiratory
failure.

Discussion
As was likely in case 1, active tuberculosis in SOT recipients in
low-prevalence regions is usually the result of reactivation of
preexisting latent infection in recipients [19]. Thus, it is impor-
tant to identify and treat patients with latent tuberculosis to de-
crease the risk of reactivation tuberculosis posttransplant,
especially given the substantial morbidity and mortality associ-
ated with active tuberculosis in SOT recipients.

Screening for Latent Tuberculosis in SOT Patients
The optimal screening and testing strategies for latent tubercu-
losis in pre- and post-SOT recipients are not based on con-
trolled trials, but guidelines address this important issue
(Table 2). Current guidelines are consistent in recommending
that all candidates be routinely screened for latent tuberculosis,
and that this be done prior to transplant when feasible. Similar-
ly, there are generally consistent recommendations that epide-
miologic risk factors and chest radiography be performed as
part of the assessment for latent tuberculosis.

Recommendations for specific methods of testing for latent
tuberculosis vary slightly among the guidelines, but all include
a TST and/or interferon-γ release assay (IGRA). The TST is the
best-studied test for latent tuberculosis diagnosis in SOT recipi-
ents. A positive TST, especially in patients who do not receive
treatment, is associated with an increased risk for active tubercu-
losis: 22%–50% of SOT recipients with a positive TST who do not

Table 1. Characteristics of Tuberculosis in Solid Organ Transplant Recipients

Characteristic SOT Recipients Non-SOT Individuals

Organ involvement • Extrapulmonary and disseminated tuberculosis
more common (45%–67% of cases) [5, 6, 8]

• May occur in uncommon sites of tuberculosis
involvement including kidneys, gastrointestinal
tract, joints, and skin

• Any extrapulmonary tuberculosis in 32% of US
tuberculosis cases in 2011 [11]

Risk factors • In addition to standard tuberculosis risk factors:
T-cell–depleting antibodies, higher intensity
immunosuppression, liver disease, renal
insufficiency and hemodialysis, diabetes mellitus,
and increased recipient age [3, 7, 8, 12, 13]

• Lung transplant recipients at higher risk for
tuberculosis in most studies [5, 7]

• History of tuberculosis, latent tuberculosis, or
tuberculosis exposures; fibrotic changes on chest
radiograph, silicosis, HIV infection, country of origin,
and social risk factors such as homelessness,
incarceration, and injection drug use [14]

Symptoms • Symptoms may be nonspecific including fever,
weight loss, night sweats

• Fever seen in most patients and tuberculosis should
be considered in SOT recipients with fever of
unknown origin [6]

• In pulmonary tuberculosis cough is present in 75% [15]
• Constitutional symptoms include fever (50%–60%),

weight loss, night sweats

Imaging • Chest imaging findings include focal infiltrates
(40%), miliary pattern (22%), pleural effusions
(13%), and nodules (5%)

• Cavities unusual (4%) [6]

• Upper lobe infiltrates and cavities characteristic for
pulmonary tuberculosis

• Atypical appearances (lower lobe disease,
lymphadenopathy) more common in children and HIV-
infected adults

Time to diagnosis • Often delayed due to extrapulmonary involvement,
atypical presentations and imaging, and
coinfections [6–8, 16]

• Lack of obvious tuberculosis risk factors may
increase time to diagnosis: liver transplant
recipients born outside the US were diagnosed with
tuberculosis sooner than US born [17]

• Delays in tuberculosis diagnosis occur in
extrapulmonary tuberculosis, sputum-smear-negative
disease, and individuals with poor healthcare access
[11]

Mortality • Overall mortality approximately 30%; higher
mortality due to immunosuppression and
comorbidities [6, 17]

• Increased mortality associated with delayed
diagnosis, disseminated disease, prior organ
rejection, and receipt of anti–T-cell antibodies [6, 17]

• US tuberculosis-related mortality <5%
• Increased mortality associated with age, comorbidities,

delays in treatment, increased disease burden [18]

Abbreviations: HIV, human immunodeficiency virus; SOT, solid organ transplant.
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Table 2. Major Guideline Recommendations on LTBI Screening and Treatment in the SOT Population

Guideline [4] [2] [24] [3]

Applicable population(s) All SOT All SOT Kidney transplant only All SOT

Who to routinely screen for latent tuberculosis
Candidates All candidates All candidates

(alternative: candidates with at least 1
additional risk factor)

All candidates All candidates

Timing of screening Pretransplant Pretransplant Pretransplant Pretransplant

Recommended routine risk assessment

Epidemiologic risk/
history

Yes Yes Yes Yes

CXR Routine Routine Routine Selective (if TST positive or
symptomatic)

Routine diagnostic testing for latent tuberculosis in candidates pretransplant
TST and interpretive

threshold
Yes Yes Yes (IGRA preferred) Yes

Threshold for positive ≥5 mm ≥10 mm for BCG vaccinated
≥5 w/o prior BCG

Not mentioned ≥5 mm

Booster testing Yes Yes Not mentioned Yes

IGRA Yes Yes Yes (with or without TST) Not specifically mentioned
Sequential/booster

testing
Yes, for high risk Not mentioned Not mentioned Not mentioned

Treatment

Selection of SOT candidates for latent tuberculosis treatment
TST or IGRA positive Treat for LTBI Treat for LTBI Treat for LTBI Treat for LTBI

Other criteria (i) Have radiographic evidence of previous
tuberculosis and no history of adequate
treatment; (ii) have received an organ
from a donor who is TST positive, had
recent exposure to active tuberculosis,
or had radiographic evidence of
untreated tuberculosis; or (iii) have had
close and prolonged contact with a
person with active tuberculosis

(i) Fibrotic or calcified lesions on chest
imaging; (ii) a strong history of
exposure or documentation of a
previous positive TST or IGRA; (iii)
individuals originating from a country
with a very high incidence (eg, >100
per 100 000 population)

(i) Consider in all black African and Asian
patients born outside the UK; (ii) CXR
consistent with old tuberculosis,
untreated; (iii) recent contact

(i) Patients with CXR findings
consistent with untreated
tuberculosis; (ii) a history of
contact with a patient with
active tuberculosis

Latent tuberculosis treatment regimens
INH × 6–12 months INH+ viatmin B6 daily, or twice weekly by

DOT for 9 mo
INH for 9–12 mo INH+ viatmin B6 daily for 6 mo INH+ viatmin B6 daily for 9 mo

Rifampin × 4–6 mo Rifampin for 4 mo (not preferred; best to
complete prior to transplant)

4 mo of rifampin or a combination of 3
mo of INH plus rifampin or rifapentine.

Rifampin for 4–6 mo Rifampin for 4 mo

DOT INH+
rifapentine× 12 wks

INH+ rifapentine once weekly for 12 wks
(best to complete prior to transplant)

INH plus rifapentine for 12 wks Not mentioned Not mentioned
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receive LTBI treatment subsequently develop active tuberculosis
[6, 7, 17, 20]. Repeating the TST if negative (“boosting”) is recom-
mended by US and Spanish guidelines (Table 2) [3, 4].

IGRAs are ex vivo tests that measure T-cell release of inter-
feron-γ after stimulation withM. tuberculosis–specific antigens.
Although there is a large body of data on the use of commer-
cially available IGRAs (QuantiFERON-TB Gold In-Tube, Cel-
lestis, and T-SPOT.TB, Oxford Immunotec), there are limited
data about their utility in SOT candidates/recipients. Like
TSTs, IGRAs are less sensitive in immunocompromised indi-
viduals [21]. A systematic review of latent tuberculosis diagno-
sis in individuals with end-stage kidney disease found that
QuantiFERON assays, compared to TSTs, had a greater associa-
tion with tuberculosis risk factors, suggesting improved accura-
cy [22]. Interestingly, the performance of IGRAs may differ by
transplant type: 41% of pre–liver transplant patients had inde-
terminate QuantiFERON results compared to 12% of non–liver
transplant patients [23]. Most guidelines on tuberculosis in
SOT recipients do not support the preferential use of a latent
tuberculosis test [2–4, 24] (Table 2).

Studies demonstrate that when TSTs and IGRAs are applied
simultaneously, there may be discordance in test results, partic-
ularly among immunosuppressed individuals [25, 26]. Testing
with both TST and IGRA may minimize false-negative tests
(any positive result indicating latent tuberculosis) and is sug-
gested when there is a high pretest probability for latent tuber-
culosis or concern over false-negative test results [2, 4, 23, 27].
Akin to boosting seen with repeat TSTs, negative IGRA results
may become positive when performed at least 3 days after a
TST [28]. The American Society of Transplantation recom-
mends against a dual testing strategy that utilizes boosting, cau-
tioning that it may induce a “false-positive” result [4].
However, the effects of purified protein derivative injection on
an IGRA would be expected to boost anamnestic T-cell re-
sponses that are due toM. tuberculosis infection [14, 21], repre-
senting a true and possibly remote exposure; the use of a dual
test with boosting approach has been suggested prior to anti–
tumor necrosis factor-α initiation [27, 28].

Selection of Patients for Treatment of Latent Tuberculosis
Published guidelines agree on treating latent tuberculosis in
SOT candidates or recipients with a positive TST or IGRA
(Table 2). However, most SOT recipients who develop tubercu-
losis would have had negative TST and/or IGRA on pretrans-
plant testing [4]. Considering the lack of sensitivity of latent
tuberculosis screening tests in this population, recommenda-
tions addressing the identification of SOT recipients who
would benefit from treatment of latent tuberculosis in the
absence of a positive screening test are limited (Table 2). There
is agreement that significant tuberculosis exposures or findings
suggestive of prior tuberculosis infection on chest radiographyTa
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should be considered as an indication for treatment of latent tu-
berculosis [2–4]. Pretransplant chest computed tomography
(CT) may be useful for the detection of tuberculosis-compatible
abnormalities not seen on chest radiography, although inter-
pretation may be difficult in lung transplant candidates due to
abnormalities related to their lung disease [4, 29]. At least 2
guidelines recommend the treatment of all SOT recipients from
regions with a high prevalence of tuberculosis [2, 24, 30]. Re-
search into patient characteristics that support empiric latent
tuberculosis treatment is needed.

Case 1 demonstrates the limitations in diagnosing latent tu-
berculosis using available tests in SOT candidates. Although
the guidelines are clear on the need for testing and treatment
of SOT candidates/recipients with latent tuberculosis, there
remain several outstanding questions including the use of
IGRAs in SOT candidates/recipients, the role and timing of
dual testing with TSTs and IGRAs, and the identification of pa-
tients who would benefit from further investigations or treat-
ment regardless of TST/IGRA results. In our transplant center,
we routinely screen SOT candidates during transplant evalua-
tion using a combination of epidemiologic risk assessment,
chest radiography, and IGRA. We recommend treatment for
latent tuberculosis in candidates with either a positive IGRA or
strong epidemiologic risk factors for tuberculosis, even if the
IGRA is negative, on a case-by-case basis.

TREATMENTOF LATENT TUBERCULOSIS IN
SOT PATIENTS

Case 2
A 51-year-old US-born man underwent liver transplant 6 years
prior for end-stage liver disease secondary to hepatitis C virus

infection. His medications included cyclosporine and azathio-
prine. He was exposed to a household member who had smear-
positive pulmonary tuberculosis. After being evaluated for
active tuberculosis, he was started on isoniazid (alanine amino-
transferase [ALT] level, 22 U/L). Several weeks into treatment,
he experienced nausea and abdominal pain; repeat ALT was
220. After his transaminases normalized, he was placed on rifa-
butin and completed a 4-month course without incident.

Discussion
A number of studies have demonstrated a benefit to latent tu-
berculosis treatment with isoniazid in the SOT population [17,
31]. Despite this, SOT candidates diagnosed with latent tuber-
culosis are not universally offered treatment: one-half of TST-
positive SOT recipients in the Spanish Network of Infection in
Transplantation (RESITRA) cohort did not receive isoniazid
treatment [7].

Latent tuberculosis treatment may be administered pre- or
posttransplant with the timing determined by treatment risks
and benefits (Table 3). Isoniazid, the best studied latent tuber-
culosis treatment in the SOT population, is relatively well toler-
ated even among pre–liver transplant patients [6, 14, 19, 20, 23,
32]. However, the hepatotoxic effects of isoniazid may be in-
creased post–liver transplant (occurring in 6%–40%) [6, 17],
leading to high rates of discontinuation [33, 34].

Alternative latent tuberculosis treatments are often needed,
particularly for liver transplant recipients or when hepatic dys-
function is present. Rifampin for 4 months carries a lower risk
for liver injury than isoniazid, but is a potent inducer of the
cytochrome P450 superfamily, accelerates the metabolism of
immunosuppressive agents, and may lead to rejection and
allograft loss [19, 35]. A recently approved regimen, isoniazid/

Table 3. Factors Affecting Timing of Latent Tuberculosis Treatment Among Solid Organ Transplant Candidates and Recipients

Factor

Timing

Pretransplant Posttransplant

Advantages • Possibly higher efficacy in absence of concurrent
immunosuppression

• Fewer drug–drug interactions
• Lower medication/pill burden with corresponding better

anticipated adherence
• Generally well tolerated, even in liver transplant

candidates

• Targets treatment to period of greatest risk for
tuberculosis reactivation

Disadvantages • Potentially insufficient calendar time to complete
therapy due to unpredictable timing of transplant

• Difficulties in differentiating drug toxicity from signs/
symptoms of underlying organ disease

• Drug-induced liver injury could be fatal with preexisting
advanced liver disease in liver transplant candidates

• Possibly lower efficacy in setting of concurrent
immunosuppression

• Additional pill burden to an already complex medication
regimen

• Potentially severe drug interactions with
immunosuppressants

• Higher reported rate of drug-induced liver injury and
discontinuation in liver graft recipients

• Any elevation in liver function tests creates need for
extensive evaluation including invasive procedures (eg,
liver biopsy to rule out rejection)
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rifapentine once weekly for 12 weeks, significantly shortens
treatment duration but does not avoid isoniazid adverse effects
or rifamycin-related effects on drug metabolism [36]. Fluoro-
quinolones confer a much lower risk of hepatic injury, although
their efficacy in latent tuberculosis treatment is not well studied
[4]. Rifabutin, a rifamycin, is used for active tuberculosis treat-
ment, particularly in human immunodeficiency virus (HIV)–
infected patients receiving protease inhibitors, as it is a less
potent cytochrome inducer than rifampin [37, 38]. Rifabutin
may be safely used following rifampin-related adverse effects
[39]. Although advocated as part of regimens to treat active tu-
berculosis in SOT recipients, guidelines do not discuss rifabutin
as an alternative in latent tuberculosis treatment (Table 2) [4].
Similar to our experience in case 2, a recent case report de-
scribes latent tuberculosis treatment using rifabutin in a
kidney/liver transplant recipient [15].

We identify 3 aspects of latent tuberculosis treatment in SOT
patients that merit further study: (1) the role of 12-dose isonia-
zid/rifapentine in SOT candidates/recipients, (2) the use of rifa-
butin as an alternative to rifampin for the treatment of latent
tuberculosis, and (3) the use of fluoroquinolones as alternatives
to isoniazid and rifamycins when necessary. Additionally, al-
though guidelines are in agreement that patients may be listed
for transplant prior to completion of therapy for latent tubercu-
losis, none provide a specific recommendation regarding the
minimum duration of treatment prior to listing. At our trans-
plant center, we initiate treatment for latent tuberculosis as soon
as feasible during the transplant evaluation process, with a goal
of completing therapy prior to transplant. In our experience, a
directly observed weekly regimen of isoniazid/rifapentine/B6 is
generally well tolerated, even in candidates with severe liver
disease (Limaye AP, unpublished data). We do not delay trans-
plant in those who are unable to complete latent tuberculosis
treatment prior to transplant, but do attempt to provide a
minimum of 1 month of treatment prior to listing. In candidates
who do not complete the entire treatment course prior to trans-
plant, we complete the remainder of the course posttransplant.

DONOR TRANSMISSION

Case 3
A 49-year-old US-born woman who had previously received a
single lung transplant for idiopathic pulmonary fibrosis under-
went double-lung retransplant due to bronchiolitis obliterans.
On postoperative day 1, bronchoscopy was performed to
ensure anastomotic integrity. BAL specimens, smear-negative
for acid-fast bacilli (AFB), grew M. tuberculosis on culture.
Chest CT revealed small nodules in the left upper lobe; repeat
bronchial washings on postoperative day 10 confirmed tubercu-
losis. The patient successfully completed tuberculosis therapy.
The organ donor was a 21-year-old Guatemalan immigrant

whose pretransplant chest radiograph showed a faint upper
lobe opacity and scattered calcifications in the midlung zones
(case reproduced from [40]).

Discussion
Case 3 represents donor-derived transmission of tuberculosis,
which accounts for <5% of US tuberculosis cases after SOT [6,
41]. Donor transmission has occurred through all organ types
and within days to as late as 38 months after transplant [35].
The diagnosis of tuberculosis in SOT recipients should prompt
investigation of possible donor-derived infection [42]. Since
2005, the Organ Procurement and Transplantation Network
has required that all suspected or confirmed donor-derived
disease transmissions be reported [41]. Consensus guidelines
on the screening of living and deceased donors for tuberculosis,
including recently published recommendations by the Ameri-
can Society of Transplantation, are summarized in Table 4 [43].
In general, there is either less agreement or fewer specific rec-
ommendations among the guidelines for several important
issues related to donor-derived tuberculosis.

Suspected or confirmed active tuberculosis in a potential
donor precludes organ donation. The presence of residual pul-
monary lesions suspicious for tuberculosis also contraindicates
lung donation [4]. Organ donors may be categorized as low,
moderate or high risk for active tuberculosis or latent tubercu-
losis based on tuberculosis risk factors, especially prior coun-
tries of residence [43]. However, adequate donor screening for
active tuberculosis may be difficult or impossible in deceased
donors [43]. Guidance on donor-derived tuberculosis infection
recommends that deceased donor candidates with moderate to
high tuberculosis risk and imaging suggestive of tuberculosis
have samples collected for AFB smears [43]. This approach may
miss deceased donors with active disease who have subtle radio-
graphic findings (as in case 3), or who have smear-negative tu-
berculosis. We suggest that consideration be given to chest CTs
in high-risk deceased donors (eg, from tuberculosis-endemic
countries) with normal or difficult-to-interpret chest radiographs
to evaluate for evidence of prior, healed tuberculosis or active
disease, especially when lung transplant is being considered. In
addition, we suggest that any time AFB smears are obtained for
suspicion of active tuberculosis, that nucleic acid amplification
testing be included due to its superior sensitivity and specificity
for the diagnosis of pulmonary tuberculosis compared to
sputum smear and the rapid availability of results [44].

Although donor-transmitted tuberculosis is typically due to
the transplantation of organs from a donor with unrecognized
active tuberculosis, donor transmission may also be due to reacti-
vation of latent infection in the graft [45]. Living donors should
have a TST or IGRA performed, and if positive, receive latent tu-
berculosis treatment prior to transplantation [46]. The diagnosis
of latent tuberculosis is more difficult when the donor is deceased
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(Table 4). For example, the time required for an interpretable
TST is an important logistical hurdle in deceased donors. IGRAs
would seem to be attractive options for assessing latent tuberculo-
sis status in deceased donors. However, IGRA performance in de-
ceased donors has not been studied and cell-mediated immunity
may be depressed following head injury [43].

For deceased donors with untreated latent tuberculosis, chemo-
prophylaxis is recommended for the organ recipients, especially in
the case of lung transplants [2, 43]. Recent guidelines recommend
clinical monitoring in SOT recipients when the deceased donors
had tuberculosis risk factors but were not tested for latent tubercu-
losis [43]. Studies of donor risk factors that warrant empiric
chemo- prophylaxis in the recipient are needed. In our practice,

for deceased donors with latent tuberculosis risk factors (particu-
larly immigration from a tuberculosis-endemic country), we initi-
ate active surveillance in recipients (symptom assessment, chest
radiography during the first 6 months) and, on a case-by-case
basis, provide chemoprophylaxis, particularly to lung recipients.

TUBERCULOSIS IN INDIVIDUALSWITH A
HISTORYOF TREATED TUBERCULOSIS

Case 4
A 63-year-old US-born woman underwent liver transplant for
cryptogenic cirrhosis. She reported a history of treated tubercu-
losis at age 7. She had no other tuberculosis risk factors. Six

Table 4. Major guideline recommendations on LTBI screening and treatment in transplant donors

Donor-Derived
Tuberculosis Guidelines [43] [2] [24] [3]

Applicable population(s) All SOT All SOT Kidney
transplant
only

All SOT

Which donors to
routinely screen for
latent tuberculosis

All donors Not mentioned Not mentioned Living donors only

Routine diagnostic testing for latent tuberculosis

Living donors
TST Yes (cutoff using CDC

guidelines)
Not mentioned Not mentioned Yes

IGRA Yes (alternative to TST) Feasible, but the best choice is
unclear

Not mentioned Not mentioned

Contraindicated
donors

(i) Active tuberculosis;
(ii) well-founded suspicion of
active tuberculosis

(i) Active tuberculosis Not mentioned (i) Active tuberculosis as well
as a well-founded suspicion
of active tuberculosis;

(ii) residual pulmonary lesions in
the donor for lung transplant

Routine diagnostic testing for latent tuberculosis
Deceased donors Not mentioned Not mentioned Not mentioned Not mentioned

Treatment

Living donors Latent tuberculosis treatment in
the recipient if a donor is TST
positive, had recent exposure
to active tuberculosis, or had
radiographic evidence of
untreated prior tuberculosis.

Latent tuberculosis treatment
should be considered prior to
organ donation, especially for
TST or IGRA converters

For living donors, the benefit of
prophylactic chemotherapy to
reduce the risk of
tuberculosis transmission is
uncertain

Not mentioned Treatment of latent
tuberculosis must be
administered to recipients of
an organ whose donor has a
history of or data that
suggest untreated
tuberculosis

Treatment

Deceased donors Latent tuberculosis treatment in
the recipient if a donor has a
history of TST positive (but
untreated), had recent
exposure to active
tuberculosis or had
radiographic evidence of
untreated tuberculosis

If latent tuberculosis is thought
to be present in a deceased
donor, the recipient of the
lung transplant should be
treated for latent tuberculosis

Not mentioned Latent tuberculosis treatment
must be administered to
recipients of an organ whose
donor has a history of or data
that suggest untreated
tuberculosis

Abbreviations: CDC, Centers for Disease Control and Prevention; IGRA, interferon-γ release assay; LTBI, latent tuberculosis infection; SOT, solid organ transplant;
TST, tuberculin skin test.
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months after transplant she presented with a febrile illness and
neurologic deficits. Noncontrast magnetic resonance imaging
of the brain showed multiple intracerebral masses. Cerebrospi-
nal fluid (white blood cell count 6 cells/mm3, protein 63 mg/
dL, glucose 46 mg/dL) was negative for tuberculosis DNA by
polymerase chain reaction (PCR). Brain biopsy was AFB-smear
positive and eventually grew pan-susceptbileM. tuberculosis. In
addition, a chest CT demonstrated biapical nodular opacities
and M. tuberculosis was isolated from AFB smear-negative re-
spiratory specimens. The patient completed an adequate course
of tuberculosis therapy and is doing well 3 years posttransplant.

Discussion
We believe that case 4 represents recurrence of previously
treated tuberculosis. Among all US tuberculosis patients, the
rate of recurrent tuberculosis after completion of 6 months of
treatment with standard 4-drug therapy is 3.5% at 2 years,
which likely results from endogenous relapse rather than exoge-
nous reinfection [47]. Relapse is the result of persistent tubercle
bacilli after treatment despite apparent cure [48]. Risk factors
for tuberculosis relapse in non-SOT recipients include non-
rifamycin-containing treatment regimens, intermittent therapy,
residual cavitation, greater lung involvement by disease,
delayed sputum culture conversion, HIV infection, and M. tu-
berculosis strain [49–51]. These studies suggest that eradication
of viable mycobacteria is impacted by the treatment regimen,
initial bacillary burden, and host and pathogen factors.

Several case series of SOT recipients from countries with low
tuberculosis incidence include individuals with a history of
treated tuberculosis who developed tuberculosis recurrence fol-
lowing SOT. As shown in Table 5, the proportion of patients
with post-SOT tuberculosis with a history of tuberculosis prior
to transplant ranged from 2% to 20%.

What is the risk of tuberculosis in SOT recipients with a
history of pretransplant tuberculosis that was adequately or

partially treated? Is it possible to identify SOT recipients with a
pretransplant history of tuberculosis who are at higher risk for
tuberculosis relapse?

Although there is guidance when the donor has a history of
treated tuberculosis, including recipient chemoprophylaxiswhen
the transplanted organ was involved, no similar recommendations

Table 5. Studies in Low-Incidence Tuberculosis Countries Reporting History of Active Tuberculosis in Solid Organ Transplant Recipients

Study,
First Author Country

Type of
Transplant

Total
Transplants

Total No. of SOT
Recipients With
History of Active
Tuberculosis

Total Cases of
Active

Tuberculosis
Posttransplant

Cases of Active
Tuberculosis
Posttransplant

With Prior Tuberculosis
History

Riska 1987 [52] Finland Kidney 1280 42 29 2
Grauhan 1995 [51] Germany Liver 462 4 5 1

Meyers 2000 [53] US Liver 924 NR 9 1

Canet 2011 [8] France Kidney 16 146 NR 49 9
Theodoropoulos
2012 [23]

US Liver 694 NR 8 1

Abbreviations: NR, not reported; SOT, solid organ transplant.

Table 6. Areas for Future Research

• How can we improve on screening strategies for latent
tuberculosis diagnosis?

• What is the role for a dual strategy that uses both TST and IGRA
and what is the appropriate timing of the 2 tests?

• How can we risk-stratify SOT recipients to identify individuals
whowould benefit from chemoprophylaxis despite negative
results on screening tests (TST/IGRA)?

• How can we implement safer drug regimens for
chemoprophylaxis with respect to toxicities and interactions
with immunosuppressive regimens? In particular, is rifabutin
being underutilized in the posttransplant setting? Is the new 12-
dose regimen safe in the SOT population?What role might
fluoroquinolones play in the treatment of latent tuberculosis for
liver transplant candidates/recipients?

• In deceased donors, can we stratify risk to identify individuals in
whom additional testing would be beneficial to evaluate for
active tuberculosis?

• In deceased donors, can we diagnose latent tuberculosis using
IGRAs? In the absence of screening test results, are there risk
factors that can assist us in determining likelihood of latent
tuberculosis in deceased donors?

• Should recipients of organs other than lungs receive
tuberculosis chemoprophylaxis if the deceased donor is known
to have or suspected of having latent tuberculosis?

• What is the risk for tuberculosis recurrence in SOT recipients
with a history of treated active tuberculosis?
Are there aspects of an individual’s tuberculosis treatment
history, immunosuppressive regimen, or other factors that can
predict individuals at higher risk for tuberculosis recurrence
despite treatment?

Abbreviations: IGRA, interferon-γ release assay; SOT, solid organ transplant;
TST, tuberculin skin test.
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are available when the recipient is the one with a history of treated
tuberculosis [43]. Are there factors that may assist in stratifying
risk? For example, could the receipt of T-cell antibodies, remote-
ness of treatment for tuberculosis, tuberculosis treatment regimen,
or extensive radiographic findings identify a high-risk group who
would benefit from chemoprophylaxis? In practice, it may be diffi-
cult to obtain an accurate tuberculosis treatment history from pa-
tients, particularly if the treatment occurred at a remote date or in
a different country. If surveillance is chosen, for what period of
time following SOT should close monitoring be maintained? In
our transplant center, we carefully assess all candidates with a
history of prior tuberculosis and attempt to document receipt of
adequate therapy; however, in many instances this is not feasible.
At the present time, we do not routinely provide secondary pro-
phylaxis after transplant, but perform active surveillance,
including symptom assessment, periodic chest radiography, and
a low threshold to initiate diagnostic testing specifically for tuber-
culosis.

CONCLUSIONS

We have used a case-based format to discuss challenges that we
have encountered related to tuberculosis in SOT recipients.
In Table 6, we highlight areas with limited guidance that
would benefit from further research. We anticipate that tuber-
culosis in the SOT population will remain an important clinical
challenge even in low-incidence regions given global patterns
of migration.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online
(http://cid.oxfordjournals.org). Supplementary materials consist of data
provided by the author that are published to benefit the reader. The posted
materials are not copyedited. The contents of all supplementary data are the
sole responsibility of the authors. Questions or messages regarding errors
should be addressed to the author.

Notes

Financial support. This work was supported by National Institutes of
Health (K23 AI 85036-01 to D. J. H.; grant numbers AI NO1 272201100041C-
0-0-1 and HL102547 to A. P. L.).
Potential conflicts of interest. All authors: No reported conflicts.
All authors have submitted the ICMJE Form for Disclosure of Potential

Conflicts of Interest. Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

References

1. Munoz P, Rodriguez C, Bouza E. Mycobacterium tuberculosis infection
in recipients of solid organ transplants. Clin Infect Dis 2005; 40:581–7.

2. Bumbacea D, Arend SM, Eyuboglu F, et al. The risk of tuberculosis in
transplant candidates and recipients: a TBNET consensus statement.
Eur Respir J 2012; 40:990–1013.

3. Aguado JM, Torre-Cisneros J, Fortun J, et al. Tuberculosis in solid-
organ transplant recipients: consensus statement of the Group for the

Study of Infection in Transplant Recipients (GESITRA) of the Spanish
Society of Infectious Diseases and Clinical Microbiology. Clin Infect
Dis 2009; 48:1276–84.

4. Subramanian AK, Morris MI.Mycobacterium tuberculosis Infections in
Solid Organ Transplantation. American journal of transplantation: offi-
cial journal of the American Society of Transplantation and the Ameri-
can Society of Transplant Surgeons. 2013; 13(Suppl 4):68–76.

5. Lopez de Castilla D, Schluger NW. Tuberculosis following solid organ
transplantation. Transpl Infect Dis 2010; 12:106–12.

6. Singh N, Paterson DL. Mycobacterium tuberculosis infection in solid-
organ transplant recipients: impact and implications for management.
Clin Infect Dis 1998; 27:1266–77.

7. Torre-Cisneros J, Doblas A, Aguado JM, et al. Tuberculosis after solid-
organ transplant: incidence, risk factors, and clinical characteristics in
the RESITRA (Spanish Network of Infection in Transplantation)
cohort. Clin Infect Dis 2009; 48:1657–65.

8. Canet E, Dantal J, Blancho G, Hourmant M, Coupel S. Tuberculosis
following kidney transplantation: clinical features and outcome. A
French multicentre experience in the last 20 years. Nephrol Dial Trans-
plant 2011; 26:3773–8.

9. Klote MM, Agodoa LY, Abbott K. Mycobacterium tuberculosis infec-
tion incidence in hospitalized renal transplant patients in the United
States, 1998–2000. Am J Transplant 2004; 4:1523–8.

10. Dye C, Scheele S, Dolin P, Pathania V, Raviglione MC. Consensus state-
ment. Global burden of tuberculosis: estimated incidence, prevalence,
and mortality by country. WHO Global Surveillance and Monitoring
Project. JAMA 1999; 282:677–86.

11. CDC. Reported Tuberculosis in the United States, 2011. Atlanta, GA:
U.S. Department of Health and Human Services, CDC, October 2012.

12. Ha YE, Joo EJ, Park SY, et al. Tacrolimus as a risk factor for tuberculosis
and outcome of treatment with rifampicin in solid organ transplant re-
cipients. Transpl Infect Dis 2012; 14:626–34.

13. Vandermarliere A, Van Audenhove A, Peetermans WE, Vanrenter-
ghem Y, Maes B. Mycobacterial infection after renal transplantation in
a Western population. Transpl Infect Dis 2003; 5:9–15.

14. Targeted tuberculin testing and treatment of latent tuberculosis infec-
tion. Am J Respir Crit Care Med 2000; 161(4 Pt 2):S221–47.

15. Hickey MD, Quan DJ, Chin-Hong PV, Roberts JP. Use of rifabutin for
the treatment of a latent tuberculosis infection in a patient after solid
organ transplantation. Liver transplantation: official publication of the
American Association for the Study of Liver Diseases and the Interna-
tional Liver. Transplantation Society 2013; 19:457–61.

16. Aguado JM, Herrero JA, Gavalda J, et al. Clinical presentation and
outcome of tuberculosis in kidney, liver, and heart transplant recipients
in Spain. Spanish Transplantation Infection Study Group, GESITRA.
Transplantation 1997; 63:1278–86.

17. Holty JE, Gould MK, Meinke L, Keeffe EB, Ruoss SJ. Tuberculosis in
liver transplant recipients: a systematic review and meta-analysis of in-
dividual patient data. Liver Transpl 2009; 15:894–906.

18. Waitt CJ, Squire SB. A systematic review of risk factors for death in
adults during and after tuberculosis treatment. Int J Tuberc Lung Dis
2011; 15:871–85.

19. Kesten S, Chaparro C. Mycobacterial infections in lung transplant re-
cipients. Chest 1999; 115:741–5.

20. Bravo C, Roldan J, Roman A, et al. Tuberculosis in lung transplant re-
cipients. Transplantation 2005; 79:59–64.

21. Mazurek GH, Jereb J, Vernon A, et al. Updated guidelines for using in-
terferon gamma release assays to detect Mycobacterium tuberculosis in-
fection—United States, 2010. MMWR Recomm Rep 2010; 59(RR-5):
1–25.

22. Rogerson TE, Chen S, Kok J, et al. Tests for latent tuberculosis in people
with ESRD: a systematic review. Am J Kidney Dis 2012; 61:33–43.

23. Theodoropoulos N, Lanternier F, Rassiwala J, et al. Use of the Quanti-
FERON-TB Gold interferon-gamma release assay for screening trans-
plant candidates: a single-center retrospective study. Transpl Infect Dis
2012; 14:1–8.

IMMUNOCOMPROMISED HOSTS • CID 2013:57 (15 November) • 1481

http://cid.oxfordjournals.org/lookup/suppl/doi:10.1093/cid/cit488/-/DC1
http://cid.oxfordjournals.org
http://cid.oxfordjournals.org
http://cid.oxfordjournals.org


24. Milburn H, Ashman N, Davies P, et al. Guidelines for the prevention
and management of Mycobacterium tuberculosis infection and disease
in adult patients with chronic kidney disease. Thorax Jun 2010; 65:
557–70.

25. Hill PC, Jackson-Sillah DJ, Fox A, et al. Incidence of tuberculosis and
the predictive value of ELISPOT and Mantoux tests in Gambian case
contacts. PLoS One 2008; 3:e1379.

26. Bartalesi F, Vicidomini S, Goletti D, et al. QuantiFERON-TB Gold and
the TST are both useful for latent tuberculosis infection screening in
autoimmune diseases. Eur Respir J 2009; 33:586–93.

27. Winthrop KL, Weinblatt ME, Daley CL. You can’t always get what you
want, but if you try sometimes (with two tests—TST and IGRA—for tu-
berculosis) you get what you need. Ann Rheum Dis 2012; 71:1757–60.

28. van Zyl-Smit RN, Zwerling A, Dheda K, Pai M. Within-subject vari-
ability of interferon-g assay results for tuberculosis and boosting effect
of tuberculin skin testing: a systematic review. PLoS One 2009; 4:e8517.

29. Lyu J, Lee SG, Hwang S, et al. Chest computed tomography is more
likely to show latent tuberculosis foci than simple chest radiography in
liver transplant candidates. Liver Transpl 2011; 17:963–8.

30. Field M, Clarke A, Kelleher M, et al. Anti-tuberculosis prophylaxis fol-
lowing renal transplantation: acceptable variations? Transpl Infect Dis
2012; 14:551–4.

31. Currie AC, Knight SR, Morris PJ. Tuberculosis in renal transplant re-
cipients: the evidence for prophylaxis. Transplantation 2010;
90:695–704.

32. Saukkonen JJ, Cohn DL, Jasmer RM, et al. An official ATS statement:
hepatotoxicity of antituberculosis therapy. Am J Respir Crit Care Med
2006; 174:935–52.

33. Benito N, Sued O, Moreno A, et al. Diagnosis and treatment of latent
tuberculosis infection in liver transplant recipients in an endemic area.
Transplantation 2002; 74:1381–6.

34. Jafri SM, Singal AG, Kaul D, Fontana RJ. Detection and management
of latent tuberculosis in liver transplant patients. Liver Transpl 2011;
17:306–14.

35. Hall CM, Willcox PA, Swanepoel CR, Kahn D, Van Zyl Smit R. Myco-
bacterial infection in renal transplant recipients. Chest 1994;
106:435–9.

36. Sterling TR, Villarino ME, Borisov AS, et al. Three months of rifapen-
tine and isoniazid for latent tuberculosis infection. N Engl J Med 2011;
365:2155–66.

37. Grassi C, Peona V. Use of rifabutin in the treatment of pulmonary tu-
berculosis. Clin Infect Dis 1996; 22(suppl 1):S50–4.

38. Loeliger A, Suthar AB, Ripin D, et al. Protease inhibitor-containing an-
tiretroviral treatment and tuberculosis: can rifabutin fill the breach? Int
J Tuberc Lung Dis 2012; 16:6–15.

39. Horne DJ, Spitters C, Narita M. Experience with rifabutin replacing ri-
fampin in the treatment of tuberculosis. Int J Tuberc Lung Dis 2011;
15:1485–9, i.

40. Winthrop KL, Kubak BM, Pegues DA, et al. Transmission of Mycobac-
terium tuberculosis via lung transplantation. Am J Transplant 2004; 4:
1529–33.

41. Ison MG, Nalesnik MA. An update on donor-derived disease transmis-
sion in organ transplantation. Am J Transplant 2011; 11:1123–30.

42. Centers for Disease Control and Prevention. Transplantation-transmit-
ted tuberculosis—Oklahoma and Texas, 2007. MMWR Morb Mortal
Wkly Rep 2008; 57:333–6.

43. Morris MI, Daly JS, Blumberg E, et al. Diagnosis and Management of
Tuberculosis in Transplant Donors: A Donor-Derived Infections Con-
sensus Conference Report(dagger). American journal of transplanta-
tion: official journal of the American Society of Transplantation and
the American Society of Transplant Surgeons. 2012; 12:2288–300.

44. Centers for Disease Control and Prevention (CDC). Updated guidelines
for the use of nucleic acid amplification tests in the diagnosis of tuber-
culosis. MMWRMorb Mortal Wkly Rep 2009; 58:7–10.

45. Rose G. The risk of tuberculosis transmission in solid organ transplan-
tation: is it more than a theoretical concern? Can J Infect Dis Med Mi-
crobiol 2005; 16:304–8.

46. Fischer SA, Avery RK; AST Infectious Disease Community of Practice.
Screening of donor and recipient prior to solid organ transplantation.
Am J Transplant 2009; 9(suppl 4):S7–18.

47. Jasmer RM, Bozeman L, Schwartzman K, et al. Recurrent tuberculosis
in the United States and Canada: relapse or reinfection? Am J Respir
Crit Care Med 2004; 170:1360–6.

48. Lambert ML, Hasker E, Van Deun A, Roberfroid D, Boelaert M, Van
der Stuyft P. Recurrence in tuberculosis: relapse or reinfection? Lancet
Infect Dis 2003; 3:282–7.

49. Chang KC, Leung CC, Yew WW, Ho SC, Tam CM. A nested case-
control study on treatment-related risk factors for early relapse of tu-
berculosis. Am J Respir Crit Care Med 2004; 170:1124–30.

50. Panjabi R, Comstock GW, Golub JE. Recurrent tuberculosis and its risk
factors: adequately treated patients are still at high risk. Int J Tuberc
Lung Dis 2007; 11:828–37.

51. Grauhan O, Lohmann R, Lemmens P, et al. Mycobacterial infection
after liver transplantation. Langenbecks Arch Chir 1995; 380:171–5.

52. Riska H, Gronhagen-Riska C, Ahonen J. Tuberculosis and renal allo-
graft transplantation. Transplant Proc 1987; 19:4096–7.

53. Meyers BR, Papanicolaou GA, Sheiner P, Emre S, Miller C. Tuberculo-
sis in orthotopic liver transplant patients: increased toxicity of recom-
mended agents; cure of disseminated infection with nonconventional
regimens. Transplantation 2000; 69:64–9.

1482 • CID 2013:57 (15 November) • IMMUNOCOMPROMISED HOSTS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


