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Abstract: Background. Tuberculosis (TB) has been reported to
increase morbidity after kidney transplantation and pose a
therapeutic challenge. However, population-based research,
specifically focused on the association between kidney
transplantation and subsequent pulmonary or extrapulmonary TB,
is lacking.
Methods. A nationwide population-based study was conducted
using Taiwan’s National Health Insurance Research Database,
which provided claims data belonging to kidney transplant
recipients during 1997–2006. Multivariate analysis was used to
identify independent risk factors for TB after kidney
transplantation. Kaplan-Meier survival analysis was used to assess
the outcome of patients with TB.
Results. Among 4554 kidney transplant recipients over the 10-year
period, 109 (2.4%) patients with newly diagnosed TB were
identified: 75 patients with only pulmonary involvement, and 34
with extrapulmonary spread. The incidence of kidney transplant
recipients developing TB was 638 per 100,000 person-years. The
independent risk factors for post-transplant TB included
cyclosporine-based immunosuppressant agents during the first
year after kidney transplantation (odds ratio [OR]: 1.98,
P = 0.001), hepatitis C infection (OR: 1.79, P = 0.024), and chronic
obstructive pulmonary disease (OR: 1.50, P = 0.041). Kidney
transplant recipients who developed TB had a lower 5-year
survival rate than those who did not (78.6% vs. 93.4%, P = 0.001).
Conclusions. Kidney transplant recipients in Taiwan did have a
high risk of TB infection, with high proportion of extrapulmonary
spread. Physicians need to be vigilant in surveying for TB in
kidney transplantation, especially in high-risk patients.
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Tuberculosis (TB) remains a serious global health
threat and is one of the major causes of death among
infectious diseases worldwide. Patients with chronic
renal failure and on dialysis have a 6.9-fold to 52.5-fold
higher risk of TB compared with the general population
(1). Renal replacement therapies (RRT), including

hemodialysis, peritoneal dialysis or kidney transplanta-
tion, are used to encompass life-supporting treatments for
end-stage renal disease (ESRD). Kidney transplantation
remains the treatment choice of RRT in ESRD patients.
Long-term use of immunosuppressant agents after

kidney transplantation renders recipients susceptible
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to life-threatening infections, including TB (2).
Post-transplant TB has been attributed to the reactiva-
tion of quiescent foci, airborne contagious spread, and
contamination of the donor organ (3, 4). Immunosup-
pressant agents can impair host resistance to TB by
affecting cell-mediated immunity, and they also predis-
pose to extrapulmonary TB (5–7). TB may appear at
any time after kidney transplantation (8, 9). Kidney
transplant recipients with TB have higher morbidity
and higher rates of treatment challenges and multiple
drug interactions (8). Therefore, the identification of
high-risk patients and early initiation of anti-TB treat-
ments, even isoniazid chemoprophylaxis therapy for
those at high-risk (4), are important for kidney trans-
plant recipients.
The incidence and prevalence of ESRD in Taiwan

ranked first and second in the world from 2002 to
2005, respectively (10). Because the population is
well served by National Health Insurance (NHI) that
covers all expenditure on RRT including kidney
transplantation, this offers a good opportunity to
study post-transplant TB in endemic areas like
Taiwan. Previous studies on post-transplant TB have
been either hospital-based (11, 12) or of limited
numbers (6, 8). In a seminal review, Singh and Patt-
erson (13) analyzed previous studies from 1967
through 1997 and summarized the epidemiologic fea-
tures of post-transplant TB. A nationwide-based
study conducted by Li et al. (14), which analyzed
data from Taiwan NHI, demonstrated a higher inci-
dence of TB and the independent risk factors for
TB infection in ESRD patients. However, many
believe that various RRT modalities have different
characteristics of epidemiology, risk factors or
survival rates in ESRD patients. Therefore, we con-
ducted another nationwide-based study to specifically
focus on the association between kidney transplanta-
tion and subsequent TB. Our study aimed to clarify
the timing of diagnosis, sites of involvement, risk
factors, and long-term survival of TB in kidney
transplant recipients.

Subjects and methods

Data sources

The NHI is a mandatory universal health insurance
program, offering comprehensive medical care cover-
age to all Taiwanese residents. It includes coverage
for outpatient, inpatient, emergency, dental, traditional
Chinese medicine services, and prescription drugs.
This study used the NHI databases managed and pub-

licly released by the National Health Research
Institute. The dataset contained the patients’ identifi-
cation numbers, gender, date of birth, dates of ambu-
latory visits, admissions and discharges, medications,
and diagnoses and procedures coded in the Interna-
tional Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) format. The NHI
database of Catastrophic Illness integrates multiple
NHI databases (the NHI enrollment files, the claims
data, and the registry for drug prescriptions) to
provide comprehensive utilization and enrollment
information for all patients with severe diseases who
have received copayment exemption under the NHI
program. Kidney transplantation patients are eligible
to apply and are exempted from copayments for trans-
plantation operation and post-transplantation medica-
tion. All information that would potentially expose a
specific individual patient to be identified has been
encrypted. The confidentiality of the data abides by
the data regulations of the Bureau of NHI and the
National Health Research Institute. This study was
approved by the institutional review board of Taipei
Veterans General Hospital (201009024IC).

Study design

From the Registry of Catastrophic Illness and NHI
databases, we obtained claims data of beneficiaries
who had received kidney transplantations. Referenc-
ing the discharge codes (V42.0 in ICD-9-CM), opera-
tion codes (55.69), catastrophic illness registration for
kidney transplantation (V42.0), and insurance-related
claim codes, we identified the patients who underwent
kidney transplantation between January 1997 and
December 2006. Patients who received kidney trans-
plantation before the age of 20 years old were
excluded to avoid the influence of congenital anoma-
lies. Patients who died of kidney transplantation
within 1 month or were followed up < 30 days were
excluded from analysis. Patients with antecedent TB
or TB diagnosed within 1 month were also excluded.
The diagnosis of kidney transplantation in each
patient was further validated by checking the pre-
scribed tests, surgeries, and medications, especially
immunosuppressant agents.
In Taiwan, TB is a national notifiable disease and

the prescription of anti-TB drugs is controlled by the
government health institute. Physicians are fined for
failure to report cases of newly diagnosed TB to
Taiwan Centers for Disease Control within 1 week.
Furthermore, all patients on the waiting list for
kidney transplantation routinely received chest
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radiographs. If any clinical or chest radiographic evi-
dence is suggestive of TB, additional diagnostic
tests, including sputum acid-fast stain, sputum cul-
ture, and tissue, fluid, or biopsy specimen testing,
were performed. Isoniazid chemoprophylaxis was not
routinely used, but was prescribed based on the clin-
ical judgment of physicians. We searched for newly
diagnosed TB among these cases (010-018 in ICD-
9-CM). The diagnosis of TB was validated by the
use of at least 2 anti-TB medications. The site of TB
involvement was judged by the ICD-9-CM coding.
Patient comorbidities, such as prior stroke, coronary
artery disease, congestive heart failure, peripheral
arterial occlusive disease, hypertension, diabetes
mellitus (DM), dyslipidemia, chronic obstructive pul-
monary disease (COPD), cirrhosis, autoimmune dis-
ease, hepatitis B and other hepatitis, and types of
immunosuppressant agents used during the first year
after kidney transplantation, were also analyzed.
Graft loss was defined as return to permanent dialy-
sis or repeated kidney transplantation. Each patient
was traced until December 2006 or death.

Statistical analysis

Extraction and computation of data were performed
using the Perl programming language (version 5.12.2;
www.perl.org). Cumulative incidence was computed
by using the Kaplan–Meier method and was com-
pared using a log-rank test. Formal comparisons
between groups were made using the v2 test for cate-
gorical variables. Univariate odds ratios (ORs) and
95% confidence intervals (CIs) were analyzed. All
comparison tests were two-sided. Risk factors with a
P-value < 0.1 were entered into multivariate analysis.
A P-value < 0.05 was considered statistically signifi-
cant. All statistical analyses were performed using
SPSS statistical software version 17.0 for Windows
(SPSS, Inc., Chicago, Illinois, USA).

Results

Clinical characteristics of study population

During the 10-year follow-up period, 5035 patients
who underwent kidney transplantation were identified.
Figure 1 shows a flowchart for patient selection. After
excluding patients who received kidney transplanta-
tion before 20 years of age (n = 165), those who died
of kidney transplantation within 1 month or followed
up < 1 month (n = 215), and those with antecedent

TB (n = 95) or diagnosed TB within 1 month (n = 6)
after kidney transplantation (n = 101), we enrolled
4554 patients for analysis.
Among 4554 patients (2175 women and 2379 men)

who underwent kidney transplantation during the
10-year period, newly diagnosed TB was identified in
109 patients (2.4%, 46 women and 63 men) in 17,448
person-years, with an incidence of 638 per 100,000
person-years. The mean age at the time of post-trans-
plant TB was 47.6 ± 11.2 years (range: 20–74 years),
over a median follow-up period of 5.0 years (range:
0.3–9.8 years). The incidence of newly diagnosed TB
was significantly higher within the first year after
kidney transplantation than that after 1 year (883 vs.
543 per 100,000 person-years, P = 0.019). Table 1
shows the details of demographic characteristics,
comorbid diseases, viral infectious diseases, and the
types of immunosuppressant agents used during the
first year after kidney transplantation.

Distribution of TB after kidney transplantation

The interval between kidney transplantation and diag-
nosis of TB ranged from > 1 month to 7.9 years, with
a median of 2.1 years. Figure 2 illustrates the cumula-
tive incidence of pulmonary and extrapulmonary TB.
Among the 109 newly diagnosed TB cases, 68.8% (75)
had pulmonary site involvement alone and 31.2% (34)
had extrapulmonary spread. Miliary TB was the most
common form of extrapulmonary TB (Table 2).

Risk stratification of post-transplant TB after kidney
transplantation

Age, gender, comorbid diseases, viral infectious dis-
eases, and the types of immunosuppressant agents
used during the first year after kidney transplantation
were included in our risk analysis (Table 1). Univari-
ate logistic analysis identified 8 risk factors (all
P < 0.05), including DM, COPD, autoimmune disease,
cirrhosis, hepatitis C virus (HCV) infection, human
immunodeficiency virus (HIV) infection, and patients
who received cyclosporine or mycophenolate mofetil
during the first year after kidney transplantation. Mul-
tivariate regression analysis indicated that the follow-
ing 3 variables were independent risk factors for TB
after kidney transplantation: cyclosporine-based immu-
nosuppressant agents during the first year after kid-
ney transplantation (OR: 1.98, 95% CI: 1.31–3.01,
P = 0.001), HCV infection (OR: 1.79, 95% CI:
1.08–2.97, P = 0.024), and COPD (OR: 1.50, 95% CI:
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1.02–2.21, P = 0.041). DM, autoimmune disease, and
hepatitis B were not associated with TB after kidney
transplantation (Table 3).

Analysis of long-term survival

Among the 4554 kidney transplant recipients, 436
(9.6%) patients died within the 10-year observation
period. Patients with post-transplant TB had a higher
crude death rate than those without TB (25/109 vs.
411/4445, OR: 2.92, 95% CI: 1.85–4.62, P < 0.001).
Kaplan–Meier survival analysis showed that the sur-
vival rate of patients with post-transplant TB was
significantly lower than that of patients without TB
(5-year survival rate: 78.6% vs. 93.4%, P = 0.001)
(Fig. 3). Of 25 patients with post-transplant TB, 9
(36%) died of TB and 16 (64%) died of non-TB dis-
eases, such as co-existing infectious diseases or other
comorbidities. Pneumonia was the top cause of death
(6 cases) in the non-TB group.

Discussion

Our nationwide longitudinal population-based study
identified the incidence of newly diagnosed TB in
Taiwanese kidney transplant recipients. Post-trans-
plant TB occurred more frequently during the first
year after kidney transplantation. The proportion of
extrapulmonary TB among kidney transplant recipi-
ents was higher than that seen in the general Taiwan-
ese population. Furthermore, we identified a number
of independent risk factors for TB in kidney trans-
plant recipients.
The incidence rate of TB globally in 2006 was 219

cases per 100,000 population (15). Most cases
occurred in Africa and Asia. In Taiwan in 2006, the
incidence of TB was 67.4 per 100,000 population (16),
whereas in the United States, the incidence was 4.6
per 100,000 population (17). Li et al. (14) showed the
incidence of TB for Taiwanese patients with ESRD is
300 per 100,000 population, which was about 4.5 times

Fig. 1. Patient selection flow chart.
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greater than that for the general population. In our
study, TB infected 109 kidney recipients in 17,448 per-
son-years, with an incidence (638 per 100,000 popula-

tion) that was higher than that observed in the
general population or ESRD patients.
We also found that TB could occur any time after

kidney transplantation, from < 1 month to > 10 years
afterward; more than one-third of the patients devel-
oped TB during the first year following kidney trans-
plantation. Our results are similar to those reported in
other countries (8, 9, 12, 13, 18). It might be that the
relatively high dose of immunosuppressant agents
administered after initial kidney transplantation
interferes with T-cell function (3, 5).
In the current study, extrapulmonary TB accounted

for 31.2% of all post-transplant TB cases. Miliary TB
was the most common form. In the general population
in Taiwan, the proportion of extrapulmonary TB cases
varied from 23% in 1996 to 27% in 2003 (19), while in
the United States, the proportion varied from 16% in

Characteristics of patients with and without post-transplant
tuberculosis (TB)

Characteristics

Post-transplant TB

(%, n = 109)

No TB

(%, n = 4445)

Age (years), mean ± SD 47.6 ± 11.2 45.3 ± 11.6

Follow-up period

(years), mean ± SD

5.0 ± 2.8 3.9 ± 2.7

Gender

Female 46 (42.2) 2129 (47.9)

Male 63 (57.8) 2316 (52.1)

Comorbid diseases

Prior stroke 21 (19.3) 615 (13.8)

Coronary artery disease 55 (50.5) 1652 (37.2)

Congestive heart failure 43 (39.4) 1544 (34.7)

Peripheral arterial

occlusive disease

13 (11.9) 557 (12.5)

Hypertension 102 (93.6) 3908 (87.9)

Diabetes mellitus 50 (45.9) 1545 (34.8)

Dyslipidemia 48 (44.0) 1867 (42.0)

Chronic obstructive

pulmonary disease

51 (46.8) 1576 (35.5)

Cirrhosis 16 (14.7) 357 (8.0)

Autoimmune disease 22 (20.2) 596 (13.4)

Viral infectious diseases

Hepatitis B infection 15 (13.8) 580 (13.0)

Hepatitis C infection 22 (20.2) 462 (10.4)

Human immunodeficiency

virus infection

3 (2.8) 26 (0.6)

Immunosuppressant drugs

OKT3 or anti-thymocyte

globulin

87 (2.0) 3 (2.8)

Cyclosporine 75 (68.8) 2291 (51.5)

Tacrolimus 55 (50.5) 2131 (47.9)

Sirolimus 14 (12.8) 606 (13.6)

Azathioprine 17 (15.6) 491 (11.0)

Mycophenolate mofetil 88 (80.7) 3202 (72.0)

Outcome

Graft loss 15 (13.8) 574 (12.9)

Death 25 (22.9) 411 (9.2)

SD, standard deviation.

Table 1

Fig. 2. Cumulative incidence of pulmonary and extrapulmonary

tuberculosis.

Sites of tuberculosis (TB) involvement among 109 patients with post-
transplant TB

Location of TB No. of patients (%)

Pulmonary TB 75 (68.8)

Miliary TB 13 (11.9)

Peritoneal TB 6 (5.5)

TB pleurisy 5 (4.6)

Cutaneous TB 2 (1.8)

Central nervous system TB 2 (1.8)

TB lymphadenopathy 1 (0.9)

Other 5 (4.6)

Table 2
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1991 to 20% in 2001 (20). T-cell-mediated immunity is
crucial for the control of TB and prevention of extra-
pulmonary dissemination (21), and immunosuppres-
sant agents may increase the risk of TB reactivation
and dissemination to extrapulmonary sites (7, 11).
Known risk factors for TB in the general population

include age (22), male gender (23), DM (24), COPD
(25), chronic HIV infection (26), and chronic kidney
disease (1). In ESRD patients, Li et al. (14) reported
the independent risk factors for TB include older age,
male gender, malnutrition, silicosis, and COPD. Types
of RRT had no influence on the TB rate.
Compared to the general population, patients with

COPD had a 3-fold increased risk of developing active
TB. TB and COPD share common risk factors, such
as cigarette smoking and low socioeconomic status
(25). Combination of polygenic inflammatory vulnera-
bility and environmental factors, mainly smoking,
causes lung tissue remodeling and non-reversible air-
way obstruction in COPD. In agreement with previous

studies of general populations, kidney transplant
recipients with COPD were more likely to be infected
with TB.
HCV infection, rather than hepatitis B infection, was

associated with post-transplant TB. HCV infection is
the main cause of chronic liver disease in kidney
transplantation. HCV may be contracted from blood
transfusion or can be transmitted by the donor
kidney; in the majority of cases, it is acquired during
dialysis (27, 28). The immunomodulatory effects of
hepatitis C can increase the risk of opportunistic
infections, including TB. Further understanding of the
mechanism involved in lymphocyte immunity
is required. Corell et al. (29) reported a reduction in
peripheral CD4 and CD28 T lymphocytes, mostly in
the CD4 CD45RA (naı̈ve T helper cell) subpopulation,
in HCV-positive kidney transplant recipients. The
relative reduction in naı̈ve T cells accompanied by
impaired lymphocyte proliferative responses is impor-
tant in the defense against TB.

Risk factors for tuberculosis after kidney transplantation

Variables

Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value

Age (years)

Age > 60 1.39 0.78–2.45 0.259

Age � 60 1.00

Male gender 1.26 0.86–1.85 0.240

Comorbidity

Diabetes mellitus 1.59 1.09–2.33 0.016 1.42 0.96–2.09 0.082

Chronic obstructive pulmonary disease 1.60 1.09–2.34 0.015 1.50 1.02–2.21 0.041

Autoimmune disease 1.63 1.02–2.63 0.041 1.54 0.95–2.49 0.080

Cirrhosis 1.97 1.15–3.39 0.012 1.54 0.87–2.71 0.138

Viral infection diseases

Hepatitis B infection 1.06 0.61–1.85 0.827

Hepatitis C infection 2.18 1.35–3.52 0.001 1.79 1.08–2.97 0.024

Human immunodeficiency virus infection 4.81 1.43–16.1 0.005 2.92 0.83–10.35 0.097

Immunosuppressant drugs

OKT3 or anti-thymocyte globulin 1.42 0.44–4.55 0.556

Cyclosporine 2.07 1.38–3.12 <0.001 1.98 1.31–3.01 0.001

Tacrolimus 1.11 0.76–1.62 0.603

Sirolimus 0.93 0.53–1.65 0.812

Azathioprine 1.49 0.88–2.52 0.136

Mycophenolate mofetil 1.63 1.01–2.63 0.045 1.38 0.85–2.26 0.196

OR, odds ratio; CI, confidence interval.

Table 3
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Conventional immunosuppressant agents in kidney
transplantation include azathioprine, cyclosporine, and
prednisolone. Recently, new alternative drugs such as
tacrolimus, mycophenolate mofetil, and sirolimus have
also been widely used for immunosuppression. John
et al. (11, 30) demonstrated that kidney transplant
recipients treated with cyclosporine-based immuno-
suppressant agents had a greater risk of developing
early post-transplant TB than those treated with other
immunosuppressant agents. Cyclosporine exerts dose-
dependent suppressive activity in purified protein
derivative-specific CD4 T-cell reactivity and affects the
production of interleukin-2 and interferon-gamma
(31). Multivariate analysis in our study revealed that
cyclosporine-treated recipients during the first year
after kidney transplantation did indeed have a higher
risk of developing post-transplant TB.
In previous studies, the mortality of kidney trans-

plant recipients with post-transplant TB ranged from
18% to 32% (12). In our analysis, the 5-year survival
rate of kidney transplant recipients with post-trans-
plant TB was significantly lower than that of recipi-
ents without TB (78.6% vs. 93.4%, P = 0.001). Our
studies showed coexisting infectious diseases or other
comorbidities, rather than TB itself, actually resulted
in most kidney transplant recipients’ deaths.
Our study has a few limitations. First, our data did

not contain details of smoking status, socio-economic
status, living or deceased donor transplantation,

episodes of rejection, and level of human leukocyte
antigen matching. Second, it is difficult to differentiate
the reactivation of old TB foci from a new infection.
Although patients with TB diagnosed before kidney
transplantation were excluded from our study, our
10-year data sets did not enable identification of TB
incidence beyond our study period.
In conclusion, we identified a 2.4% incidence of

post-transplant TB in Taiwan, an endemic area for pul-
monary TB. Extrapulmonary TB accounted for more
than one-third of all TB cases. Cyclosporine-based
immunosuppressive agents during the first year after
kidney transplantation, HCV infection, and COPD
were indepent risk factors for post-transplant TB. If
clinical or chest radiographic evidence is suggestive
for TB, consideration of additional diagnostic tests
and referral to thoracic or infectious disease physi-
cians should be performed promptly. Decisions about
the best chemoprophylaxis therapy for those at high
risk should be determined by weighing the risks and
benefits of isoniazid therapy.
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