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Abstract

Introduction.—Solid organ transplant recipients have a higher frequency of tuberculosis (TB)
than the general population, with mortality rates of approximately 30%. Although donor-derived
TB is reported to account for <5% of TB in solid organ transplants, the source of Mycobacterium
tuberculosis infection is infrequently determined.
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Methods.—We report 3 new cases of pulmonary TB in lung transplant recipients attributed to
donor infection, and review the 12 previously reported cases to assess whether cases could have
been prevented and whether any cases that might occur in the future could be detected and
investigated more quickly. Specifically, we evaluate whether opportunities existed to determine TB
risk on the basis of routine donor history, to expedite diagnosis through routine mycobacterial
smears and cultures of respiratory specimens early post transplant, and to utilize molecular tools to
investigate infection sources epidemiologically.

Findings.—On review, donor TB risk was present among 7 cases. Routine smears and cultures
diagnosed 4 asymptomatic cases. Genotyping was used to support epidemiologic findings in 6
cases.

Conclusion.—Validated screening protocols, including microbiological testing and newer
technologies (e.g., interferon-gamma release assays) to identify unrecognized M. tuberculosis
infection in deceased donors, are warranted.

Keywords

Mycobacterium tuberculosis, lung transplantation; interferon gamma release assay; donor
selection

With an incidence rate 20—74 times that of the nontransplant population (1, 2), the
prevalence of tuberculosis (TB) among solid organ transplant recipients ranges from 1.2 —
6.4% in developed countries, and up to 15% in highly endemic areas (1). TB presents
differently in transplant recipients, resulting in diagnostic delay (3). Diagnosis delays,
combined with underlying immunosuppression, treatment-related toxicities, and drug
interactions, complicate management, resulting in mortality rates that may approach 30% (2,
3).

Sources of Mycobacterium tuberculosis infection post transplantation include pre-transplant
latent infection in the recipient, infection from exposure after transplant, and latent infection
or disease acquired from the donor organ. Pre-transplant latent infection in the recipient is
most common, whereas recognized donor-derived M. tuberculosis infection accounts for
<5% of published cases (2). The risk of graft M. tuberculosis infection and the incidence of
TB are greater for lung transplant patients, compared with other solid organ transplant
recipients (1, 3).

Guidelines for evaluating deceased donors recommend that lungs from donors with active
TB by clinical history or radiograph not be used for transplantation (4). Conversely, although
clear donor chest radiographs are preferred, they do not guarantee an M. tuberculosis-free
organ. For donor lungs with abnormal chest radiographs, insufficient data are available to
provide specific guidelines regarding utilization (5). Because of transplant-related time
constraints, the tuberculin skin test (TST) cannot be used, leaving clinicians with limited M.
tuberculosis screening tools (4).

In the context of 12 previously reported cases, we reviewed 3 new cases of pulmonary TB
after lung transplantation attributed to donor infection, to identify opportunities to recognize,
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mitigate, and possibly prevent this potentially fatal complication of an otherwise life-saving
intervention.

Three cases of TB in lung transplant recipients attributed to donor transmission were
identified from reports of public health authorities to the Centers for Disease Control and
Prevention (CDC) in 2008 and 2009. We reviewed the medical and public health records of
these cases and their 3 donors, and United Network for Organ Sharing outcome reports for
patients who received other organs from these same donors. Specimens collected for acid-
fast bacilli (AFB) smear microscopy and culture during routine protocol evaluations for
airway ischemia post transplant were reviewed. As part of the case investigation, we also
interviewed and tested organ recipient household members and health care worker contacts
by TST. All M. tuberculosis isolates were genotyped at the California Department of Public
Health by spacer oligonucleotide typing (spoligotyping) and by mycobacterial interspersed
repetitive unit-variable number of tandem repeats (MIRU-VNTR) analysis (6). Genotyping
results were compared with the National Tuberculosis Genotyping Service’s database at the
Division of Tuberculosis Elimination, CDC. M. tuberculosis isolates retrieved from organ
recipients were matched to CDC’s surveillance data from the Report of Verified Case of TB
(RVCT) of known TB patients. For previously reported cases, Medline was searched using
Medical Subject Headings terms ‘tuberculosis’ and ‘lung transplantation.” Reports in
English of TB appearing after transplantation were retrieved for review. We abstracted
information from published case reports in which the authors of those reports classified the
case as probable or proven donor-derived infection. All cases were subsequently classified as
possible, probable, or proven using recently proposed criteria (7).

During November 2008, a white woman in her 60s who was born in the United States
underwent left lung transplantation in California. The organ recipient’s TST was negative
before transplant; however, she had been taking prednisone for treatment of idiopathic
pulmonary fibrosis. Her post-transplant course was complicated by rejection and she was
treated with corticosteroids. During month 3 post transplant, AFB smear microscopy and
cultures of bronchoscopic specimens collected during a scheduled surveillance examination
were negative, and without growth respectively. Three weeks later, AFB smear microscopy
and cultures of bronchoscopic specimens collected during evaluation for amiodarone lung
toxicity and a new right upper lobe native lung infiltrate were again negative, and without
growth respectively.

During month 5 post transplant, after 2 weeks of malaise, she was hospitalized for acute
onset of shortness of breath. Her chest radiograph revealed bilateral pulmonary infiltrates,
numerous small nodules, and a patchy consolidation of the left lung allograft. A
bronchoscopic alveolar lavage (BAL) specimen was 4+ AFB smear-positive; culture with
drug susceptibility testing revealed an M. tuberculosis isolate that was sensitive to all first
line anti-tuberculous agents. The patient’s caretaker was initially TST negative with a

Transpl Infect Dis. Author manuscript; available in PMC 2020 January 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mortensen et al.

Case 2

Page 4

normal chest radiograph, but subsequently had TST conversion, suggesting recently acquired
M. tuberculosis infection. Additional close contacts were TST negative with normal chest
radiographs. Other than being a lung-transplant recipient, the patient had no known TB risk
factors identified before or after transplantation.

The lung donor was a homeless Hispanic man in his 20s, born in Mexico, with a history of
substance abuse and multiple incarcerations, who died of traumatic brain injury. His
admission chest radiograph was within normal limits, whereas an abdominal computed
tomography scan revealed a moderate infiltrate or contusion involving the right lower lobe
of the lung, with a smaller infiltrate in the left lower lobe. Because of these findings, the
right lung was not recovered. Respiratory specimens were not obtained for AFB smear
microscopy or culture before transplantation. Autopsy performed by the coroner included
examination of the right lung; tissue pathology was consistent with pneumonia and showed
no granuloma formation and AFB smears were negative; autopsy specimens were not sent
for mycobacterial culture. Subsequent genotyping analysis of the recipient’s M. tuberculosis
strain revealed that the isolate matched a larger U.S. M. tuberculosis genotype cluster of 91
patients, 70% of whom were Hispanic and 50% of whom were born in Mexico (8).

The organ recipient was treated for 3 months with rifampin, isoniazid, pyrazinamide, and
ethambutol, followed by rifabutin and isoniazid, but died of sepsis unrelated to M.
tuberculosis 10 months after transplantation. At the time of the patient’s TB diagnosis, other
same-donor recipients, including the heart, pancreas, left kidney, right kidney, and liver
recipients, remained without signs or symptoms of TB.

During November 2008, a white man in his 50s who was born in the United States
underwent bilateral lung transplantation in Florida. The organ recipient was TST negative
before transplant; AFB smear microscopy and culture of BAL specimens were negative for
AFB on 3 separate days during the first month post transplant. During the second month post
transplant, and in the absence of constitutional or respiratory complaints, the BAL specimen
collected at a scheduled bronchoscopic reevaluation was 4+ AFB smear-positive. Nucleic
acid amplification testing of the BAL specimen identified M. tuberculosis complex; culture
and drug susceptibility testing revealed an isolate that was fully drug susceptible. Re-review
of a posterior-anterior and lateral chest radiograph taken immediately before the BAL
revealed the presence of a small nodule and area of atelectasis in the upper-right lung field,
which had not been present 1 week before. The organ recipient was without identifiable TB
risk. Household contacts were TST negative, with negative chest radiographs at the time the
organ recipient was diagnosed with TB. Forty-four of 46 previously TST-negative health
care worker contacts were also TST negative; 2 health care worker contacts were lost to
follow-up. Previously TST-positive health care worker contacts were, and remained, without
signs or symptoms of TB.

The donor was a white man in his 20s born in the United States, who lived alone in Florida
and died of injuries sustained in an accident. He had been incarcerated for 1 year,
approximately 6 years before donation. His chest radiograph was without infiltrates. Routine
bronchoscopic evaluation was without evidence of lower respiratory tract infection;
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specimens were not provided for AFB smear microscopy and culture. Genotyping of the
recipient’s M. tuberculosisisolate revealed an identical spoligotype and a nearly identical
MIRU-VNTR (i.e., 1 variation in the number of tandem repeats in 1 of 12 loci), to an
outbreak strain in an urban residential center 5 miles from the donor’s home. After diagnosis
of M. tuberculosis disease in the recipient, further investigation of the donor uncovered
another 6-month period of incarceration, having concluded approximately 1 year before
donation. The jail was located <5 miles from the urban residential center. Circulation of the
outbreak strain at the jail has been suspected.

A repeat chest radiograph of the organ recipient 3 months post transplant and 1 month after
initiation of rifampin, isoniazid, pyrazinamide, and ethambutol revealed a cavitating right
upper lobe infiltrate that subsequently resolved. Among 4 other same-donor organ recipients,
1 died without evidence of M. tuberculosis infection 90 days after transplant. One recipient
was administered isoniazid for possible latent TB. Two were observed without treatment. All
3 remained without evidence of TB 1 year after transplantation.

During January 2009, a white man in his 50s born in the United States underwent bilateral
lung transplant in Florida. Before transplantation, the organ recipient was TST negative. His
post-transplant course was complicated by ischemic airway stenosis that required multiple
bronchoscopic dilatations and stenting, primary cytomegalovirus infection, and 2 episodes of
rejection treated with pulse corticosteroids. AFB smear microscopy and culture of BAL
specimens were negative during the first, second, and third months post transplant. A chest
radiograph taken at 3 months post transplant revealed no infiltrates, and the patient was
without new constitutional or respiratory complaints. AFB smear microscopy of a BAL
specimen was also negative at that time. The patient remained asymptomatic when AFB
smear microscopy of a BAL specimen was 4+ AFB smear-positive at 4 months post
transplant, the same day the BAL culture obtained at 3 months post transplant was reported
to have yielded M. tuberculosis (subsequently determined to be fully drug susceptible). Four
days later, a new peripheral right upper lobe nodular opacity was evident. The organ
recipient had no known TB exposure, and on the day he was diagnosed with TB, his only
household contact was TST negative. All previously TST-negative health care worker
contacts remained TST negative, while previously TST-positive health care worker contacts
remained without signs or symptoms of TB.

The donor was a white man in his 20s born in the United States who died as a result of
injuries sustained in an accident. His chest radiograph was without infiltrates.
Bronchoscopic evaluation was without evidence of lower respiratory tract infection; BAL
specimens were without mycobacterial growth in culture. He had spent a year in the
Philippines immediately before his death, but was otherwise without known TB exposure.
Genotyping of the recipient’s isolate identified a spoligotype associated with the Manila
family, a strain circulating predominantly, although not exclusively, in the Philippines (9).
The organ recipient had never traveled outside the United States.

The organ recipient’s TB was treated with 2 months of rifampin, isoniazid, pyrazinamide,
and ethambutol, followed by 7 months of rifampin and isoniazid. Among the 4 other same-
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donor organ recipients, 1 was administered isoniazid for treatment of possible latent TB,
while the other 3 were observed. All 4 remained without evidence of TB.

Literature review

Twelve other cases of donor-derived pulmonary TB after lung transplantation have been
reported in the literature. Characteristics of all 15 recipients, including the 3 new cases from
the present report, are summarized in Table 1 (10-19). Reported cases date to 1990. Median
age was 49 (range: 18-68) years. Seven (47%) were men. Seven (47%) received anti-
lymphocyte antibody induction. Eleven (73%) were bilateral lung transplant recipients. Two
(13%) received single lungs from the same donor. Two (13%) received single lungs from
donors whose contralateral lungs were not transplanted.

Nine (60%) were treated with pulse corticosteroids for acute rejection before TB diagnosis.
Median time to TB diagnosis was 88.5 (range: 21-153) days post transplant. Five of 15
(33%) patients had no symptoms; pulmonary TB was recognized by protocol AFB smear
microscopy or culture of respiratory specimens in 4 cases, with median diagnosis at 68.5
days post transplant. A fifth asymptomatic illness was diagnosed at 42 days post transplant,
when the same-donor contralateral lung recipient developed pulmonary TB. A TB diagnosis
was made at 87, 90, and 147 days post transplant in 3 fatal cases, respectively, where the
cause of death was attributed to M. tuberculosis.

After diagnosis of pulmonary TB among lung transplant recipients, epidemiologic
investigation identified TB risk factors in 7 (47%) donors. Donor risk factors included
incarceration (in 1); travel to a high TB burden country (in 1); high TB burden in country of
origin (in 3); household exposure to a TB illness (in 1); and both incarceration history and
country of origin (in 1). In 2 donors, abnormalities consistent with prior TB infection were
also identified retrospectively by review of chest radiographs.

Genotype analysis supported attribution of infection to the donor in 6 of 15 (40%) cases, and
in all cases in which this analysis was performed. Two recipients were reported to have an
identical M. tuberculosis genotype result after undergoing single lung transplantations from
the same donor at the same facility; no pre-transplant M. tuberculosis risk or epidemiologic
link was identified in these recipients. In the remaining 4 cases, the donors were known to
have epidemiologic risk factors for TB. Furthermore, genotyping combined with
epidemiologic data specifically linked the recipients’ isolates to TB risks identified in their
donors. In 2 instances, genotyping linked the recipient’s isolate to the donor’s country of
origin, both of which had high rates of TB. Genotyping linked 1 recipient’s isolate to a
known TB outbreak that occurred in close proximity to the donor’s residence and a jail
where he was incarcerated. Genotyping linked 1 recipient’s isolate to a TB endemic country
where the donor had traveled and resided for an extended period. In none of the 6 cases did
the recipient share the epidemiologic risk of the donor for TB. These genotyping results, in
conjunction with the epidemiologic data, provide strong circumstantial evidence that TB in
the recipients originated from their donors.
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All 3 of the cases reported here and 11 of 12 previously reviewed cases met recently
recommended criteria for probable donor-derived transmission (7). One of the 12 previously
reported cases (Case 7) would be classified as possible by these criteria.

Discussion

We report 3 cases of lung transplant-associated TB where transmission was probably
acquired from a donor-derived latent infection, based on specific TB risks identified
retrospectively in the donor, and lack of evidence of recipient infection pre-transplant or
primary infection post transplant. Genotyping of M. tuberculosis isolates corroborated the
evidence.

Genotyping is a useful epidemiologic tool for investigating the origin of the M. tuberculosis
strain, as demonstrated by Cases 1-3, 9, 12, and 13. As genotype testing methods with
greater discriminatory power improve, and strain typing archives are increased, the value
and role of genotyping in epidemiologic investigations of TB among transplant recipients
will expand and should increase, thereby, our understanding of M. tuberculosis infection
after solid organ transplantation.

M. tuberculosis genotyping does have certain limitations when used to attribute the source of
M. tuberculosis infection among transplant recipients. Results for the 3 cases reported here
can only be considered supportive of donor-derived M. tuberculosis, because M. tuberculosis
was not recovered from any of the 3 donor specimens before organ recovery, and direct
comparisons of recipient and donor genotypes was not possible. Also, Mexican and
Philippine M. tuberculosis strains with spoligotypes identical to the isolates recovered from
Case 1 and 3, respectively, are found in limited numbers within the United States and,
therefore, acquisition of these strains through airborne transmission within the United States
cannot be ruled out. Finally, the MIRU-VNTR for Case 2 was very similar but not identical
to the epidemiologically linked outbreak strain.

The majority of the 15 recipients with donor-derived TB following lung transplantation
reviewed in this report were diagnosed =90 days post transplant, after they had already made
repeated visits to both inpatient and outpatient transplant centers frequented by other
immunocompromised patients. In addition to expediting life-saving antimicrobial treatment,
early recognition of pulmonary TB would allow implementation of prompt infection control
precautions, thus preventing the spread of TB to other highly susceptible patients, health
care providers, and the general public.

Pulmonary TB was recognized, in the absence of symptoms and chest radiograph
abnormalities, by routine AFB smear and culture of lower respiratory specimens in only 4 of
15 cases before day 90 after transplantation. The proportion of all reported cases that could
have been identified in this manner is unknown. In Case 1, mycobacterial stains and cultures
of bronchoscopic specimens were negative, and without growth, respectively, through day 84
post transplant; AFB stains and cultures of respiratory specimens were not performed again
until symptomatic pulmonary TB was present on day 153. The benefits of regular
assessment of lower respiratory specimens for M. tuberculosis during the initial 6 months
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after lung transplantation, typically the period of maximal immunosuppression, should be
systematically evaluated for utility in detection of unrecognized donor-derived transmission.

As TB prevention is the ultimate goal, the best approach would be to screen donors before
transplantation, rather than investigating infection after M. tuberculosis has been transmitted.
This benefits the potential organ recipient and also the general public. Three case donors
described in this report and 4 donors of 12 previously reported cases had well-defined risk
for TB infection. For these 7 cases (47%), recognition of donor TB risk at the time of
transplantation would not only have triggered more complete donor TB evaluations, but also
might have improved recipient surveillance through regular AFB smear and culture of lower
respiratory secretions. The need to collect detailed donor history of TB risk factors is a
critically important and strongly endorsed component of organ donor evaluation (7).

TB screening of deceased donors without recognized increased risk for TB infection is not
standardized among organ procurement agencies in the United States. Although chest
radiographs can identify deceased potential donors with findings indicative of active or
latent TB infection, their utility is limited in the presence of other common lung
abnormalities among deceased donors (e.g., pulmonary contusions or pneumonia). Although
more sensitive and specific than chest radiographs, computed tomography scans could
indicate, but might not confirm, the diagnosis of active or latent M. tuberculosis infection,
and could result in the exclusion of suitable organs. Routine microbiologic screening of
donor tracheal aspirate or BAL specimens for AFB smear microscopy and mycobacterial
culture is potentially appealing, and has recently been recommended for lung donors by
several large professional transplantation societies (7). Although some positive AFB smears
might be the result of non-tuberculous mycobacteria, the concomitant use of nucleic acid
amplification testing and other rapid diagnostic tools could reduce the likelihood of donor
lungs being removed from the organ pool unnecessarily. Among AFB smear-negative
specimens, growth of M. tuberculosis could lead to more rapid diagnosis and treatment of
lung recipients. However, the utility and cost effectiveness of these screening methods have
not been critically evaluated.

TB screening of living donors of transplant organs is routinely performed by TST (3), but is
not timely enough for use among deceased donors. Given the increased risk of lung allograft
M. tuberculosis infection compared with other solid organ allografts and the TB-associated
morbidity and mortality in these patients (1), newer and more rapid methods for detecting
M. tuberculosis infection in donors, including interferon-gamma release assays (IGRA),
should be evaluated. IGRA have limitations similar to TST, including an inability to
differentiate latent from active M. tuberculosis infection and lack of sensitivity (20). In
addition, corticosteroids initiated during donor screening might interfere with IGRA
performance, and the interpretation of results might be further complicated by donor stress
responses. However, the benefits to individual organ recipients and the general public
warrant evaluation of lung donor screening with IGRA.

As the population of potential organ donors in the United States becomes increasingly
diverse, the need for improved donor screening for TB must be emphasized. For example,
the percentage of Hispanic lung donors has increased from 8.5% during 1999 to 15.9%
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during 2008, a population with a higher TB incidence than their non-Hispanic counterparts
(21, 22). During 2010, the CDC revised case-report form, RVCT, now collects information
identifying TB cases in the United States occurring after organ transplantation (23).

In conclusion, 3 probable cases of donor-derived pulmonary TB after lung transplantation
are reported. Review of these cases, and of 11 probable and 1 possible previously reported
cases, has identified opportunities to improve recognition of donor TB risk by a more
thorough review of incarceration, travel, and immigration history. IGRA testing, routine
AFB smear microscopy, smear and culture of respiratory specimens, and other screening
methods of lung donors with increased risk of TB should be evaluated. As part of routine
surveillance, diagnostic BAL fluid and other respiratory specimens can be tested at regular
intervals by AFB smear microscopy and culture during the initial 6 months post transplant to
expedite diagnosis. M. tuberculosis genotyping of all lung and non-lung post-transplant TB
cases could improve the understanding of the epidemiology of this potentially fatal
communicable disease.
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