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Preventing tuberculosis in paediatric kidney transplant recipients:
is there a role for BCG immunisation pre-transplantation in low
tuberculosis incidence countries?
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Abstract
The risk of tuberculosis (TB) disease is increased in children with chronic kidney disease (CKD), even higher in stage 5 CKD/
kidney failure and especially high after kidney transplantation due to immunosuppression. TB disease may follow recent primary
infection, or result from reactivation of latent infection. Reactivation is more common in adults, while progression following
primary infection makes up a greater proportion of disease in children. Recommendations for preventing TB disease in some low
TB incidence countries have previously included offering Bacillus Calmette-Guérin (BCG) vaccine to all children listed for
kidney transplant if they had not received this as part of previous national immunisation programmes. Based on the available
evidence, we recommend modifying this practice, focusing instead on awareness of risk factors for TB exposure, infection and
disease and the use of appropriate testing strategies to identify and treat TB infection and disease.
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Summary

&

Diagnosing tuberculosis infection

&

Assessment for tuberculosis (TB) infection and disease has
three components:

Assessment of risk factors for TB exposure, or confirmed
history of TB exposure
Diagnostic immunological tests for TB infection (tuberculin skin test (TST) and interferon-gamma release assays
(IGRAs)), which are less sensitive in the presence of
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&

immunosuppression and potentially also in chronic kidney
disease (CKD)
Clinical assessment for symptoms of TB disease followed
by appropriate microbiological, histological and radiological investigations as indicated.

&

Bacillus Calmette-Guérin vaccine
Bacillus Calmette-Guérin (BCG) is a live-attenuated vaccine
which remains viable for several years after administration.
BCG has a risk of local side effects, and more importantly
of disseminated BCG disease when immunosuppression for
transplantation is commenced. Practice in low incidence countries in Europe varies between universal, risk-based and no
BCG immunisation. Risk-based immunisation is usually
based on the risk of TB exposure, for example if there is travel
to or parental origin from countries with high TB incidence. In
some countries, BCG is also recommended based on increased host susceptibility, irrespective of the exposure risk.

Current practice in low TB incidence countries
Practices relating to screening for TB and administration of
BCG to children with chronic kidney disease (CKD) vary
between countries. As an example, in paediatric kidney transplant centres in the UK, practice has previously been to:
&
&
&
&

Test all children listed for kidney transplant for TB infection using immunological tests.
If TB tests suggest infection, they are assessed for TB
disease and if this is confirmed they are treated for TB
disease.
If there is no evidence of TB disease, children with positive immunological tests are offered treatment for latent
TB infection (LTBI).
If tests for TB infection are negative they are offered
immunisation with BCG if not previously BCG
immunised.

Recommended updated practice for low TB incidence
settings:
&

&

Thoroughly screen children with CKD for TB infection
ideally prior to any immunosuppression and/or deceased
or living donor kidney transplantation, and treat LTBI if
the screening tests are positive and TB disease has been
excluded.
CKD and planning for kidney transplantation alone are
not indications for BCG immunisation. BCG should be
given according to the current risk factor-based indications as listed in current national guidance, but is

&

contraindicated in the context of immunosuppressive therapy for kidney transplantation.
If there is a risk or history of significant TB exposure (born
in or travel to high risk area, or confirmed exposure) but
tests for TB infection are negative, discuss the need for
possible treatment for LTBI with a TB specialist. This is
because these tests may have lower sensitivity in kidney
disease, especially if performed after immunosuppression
has already commenced.
Once immunosuppression has been started there should be
vigilance for symptoms of possible TB disease, and regular screening by history for any new possible exposures to
TB.

Treatment of TB infection, BCG and TB disease
Treatment of TB infection or disease, or of disseminated BCG
should involve paediatric infectious diseases and nephrology
teams, with input from a specialist pharmacist. The most commonly used drugs used for treating TB infection and disseminated BCG (rifampicin and isoniazid) do not require dose
adjustment in CKD or after transplantation, but may do during
dialysis. Both drugs also have the potential for interaction with
other medications used in CKD or for immune suppression,
and may have additive toxicities. Use of more complex regimens for TB disease, including for drug-resistant disease,
should all be assessed for potential need for dose adjustments
and for interactions and toxicities.

Review
Epidemiology of paediatric chronic kidney disease
The reported prevalence of Stage III, IV and V (GFR < 60)
CKD with estimated glomerular filtration rate less than 60 ml/
min/1.73 m2 in children and young people aged less than 20
years in Europe is 55 to 60 per million of age-related population (incidence 11–12 per million of age-related population);
the global estimate is a prevalence of 65 per million of agerelated population and incidence of 9 per million of agerelated population [1]. These figures, especially the global
estimates, are likely to be significant underestimates as there
are only limited or no data available from some low-income
regions. CKD is frequently asymptomatic and reporting practices vary greatly between countries, with more detailed information available in higher income settings. A recent survey
and review of national paediatric kidney replacement therapy
registries highlighted variation in practice and significant gaps
in coverage [2].
The incidence of CKD in children less than 16 years old in
the UK was 9 per million of age-related population in 2016. A
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higher prevalence was noted in children from ethnic minorities, especially South Asian children in whom the prevalence
was almost double the whole population estimate [3]. This
observed difference is thought to be in part attributable to
ethnic differences in rates of inherited kidney disease [4].

Epidemiology of paediatric TB
TB infection can be divided into that causing disease (TB
disease or active TB) and that not causing disease (latent TB
infection (LTBI)), although there is increasing evidence that
these are not discrete entities, but rather different states along a
continuum [5]. Estimating the burden of TB disease in children is challenging, in part due to under-recognition, difficulties in establishing a diagnosis and incomplete reporting in
countries with some of the highest burden of disease [6].
Nevertheless, it is estimated that in 2017, 1 million children
globally developed TB disease, while the number of TBrelated deaths was approximately 150,000. The majority of
these cases occurred in the African, South-East Asian and
Western Pacific regions [7]. The reported rate of TB disease
in children less than 15 years old in England born outside the
UK was 7.3 per 100,000 in 2017, while the rate for children
born in the UK was 1.4 per 100,000. When combining reports
from adults and children, rates were highest for individuals of
non-white ethnicity born outside the UK [8].
The global prevalence of LTBI is much greater than that of
TB disease. Approximately 6% of children under 15 years of
age were estimated to be infected with TB in 2016, equating to
around 90 million children worldwide [9].

TB in chronic kidney disease, kidney replacement
therapy and kidney transplantation
Most data on TB in CKD, kidney replacement therapy and
kidney transplantation come from studies in adults, with only
a few case series reported in children. The reasons for higher
observed rates of TB disease in kidney patients are likely to be
multifactorial, relating to immune impairment secondary to
CKD itself, underlying causative disease, co-morbidity, immunosuppressive therapy and socio-economic factors and
common risks for kidney disease and exposure to TB [10].
A review completed for the 2011 version of the UK NICE
TB guidelines estimated the relative risk of TB disease in
adults was 10 to 25 for CKD or haemodialysis patients and
37 for kidney transplant recipients, although it should be taken
into account that this was based on data from more than 20
years ago when the incidence of TB in the UK was significantly higher. A more recent report in adults from the UK
found that the cumulative incidence of TB disease was 1267
per 100,000 population in haemodialysis patients (95% confidence interval (CI): 630–1904; 85 times higher than the
background UK TB rate), 398 per 100,000 in patients on

peritoneal dialysis (95% CI: 80–1160; 26 times higher than
the background UK rate); and 522 per 100,000 in kidney
transplant recipients (CI: 137–909; 35 times higher than the
background UK rate) [11].
Overall, the risk of TB disease in adult solid organ transplant patients is estimated to be 20 to 74 times higher than in
the general population [12]. This is largely attributable to immunosuppression. Extrapulmonary and disseminated TB are
more common in this patient group. Symptoms of disease are
more likely to be non-specific and TB-related mortality is
much higher than in the general population [13].
Data on TB in paediatric CKD and kidney transplant recipients are scarce. Risk varies depending on background TB
incidence in the general population. Rates of TB disease following kidney transplantation in children have been reported
to be between 8 and 9.7% in highly TB endemic areas [13]. In
a South African case series, 7 of 72 (9.7%) children undergoing kidney transplantation developed TB disease [14]. In contrast, in a Spanish retrospective study covering a 26-year period, only 3 of 345 (0.9%) children undergoing kidney transplantation were subsequently diagnosed with TB disease, although this rate was still much higher than that observed in the
general population of a similar age [15].
TB disease in children is more commonly due to progression after primary infection rather than reactivation of latent
infection; immunosuppression after organ transplantation increases both the likelihood of progression after infection, and
the risk of reactivation of LTBI. Children also have higher
rates of disseminated and extrapulmonary TB disease than
adults, as well as higher TB-related mortality [16].

Screening for LTBI and TB disease in CKD patients
before and after kidney transplant
In view of the increased risk of TB disease in children with
CKD, thorough assessment for LTBI and TB disease is essential, especially for those receiving kidney replacement therapy
or proceeding to kidney transplantation. TB infection is diagnosed by demonstrating immunological reaction to
Mycobacterium tuberculosis antigens, using either a TST or
an IGRA.
The TST demonstrates a type IV hypersensitivity reaction
to intradermally injected purified protein derivative, a heterogenous mixture of approximately 200 mycobacterial peptide
antigens. The TST has several limitations, including the need
for the patient to return for the reading (i.e. requiring two
visits), and a degree of subjectivity with substantial interoperator variability when reading the test result. Importantly,
there is strong evidence to suggest that the TST has reduced
sensitivity in individuals with primary or secondary immunodeficiency, including patients receiving immunosuppressive
medication. The TST is also not specific for TB infection,
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and positive results can be caused by BCG immunisation or
infection with non-tuberculous mycobacteria (NTM) [17].
Currently, there are two commonly available commercial
IGRAs, the QuantiFERON-TB (QFT) Gold Plus and the TSPOT.TB assay. Both tests are functional assays that rely on
measuring interferon-gamma produced in response to stimulation with only two relatively M. tuberculosis–specific peptides (ESAT-6 and CFP-10). IGRAs are more specific than the
TST, as those peptides are absent in BCG; prior BCG
immunisation does therefore not impact on test results.
However, a few NTM species do express those peptides, including M. marinum, M. kansasii and M. szulgai, and therefore false-positive results can occur in patients infected with
NTM [18, 19]. IGRAs have relatively poor reproducibility
when serial testing is performed [20], and considerable variability associated with delays in incubation and variations in
environmental temperatures has been reported [21, 22]. There
are substantial data showing that IGRAs perform less well,
and are more likely to give indeterminate results, in young
children than in adults [23–25].
It is important to consider the reliability of IGRAs in the
presence of CKD when interpreting test results. There is strong
evidence that the performance of IGRAs is impaired in the
context of immunodeficiency (e.g. HIV-infected patients with
low CD4+ T cell counts) [25–27]. Data on the performance of
IGRAs in patients with CKD are conflicting [28–31]. A recent
study reported a high degree of discordance between QFT and
T-SPOT. TB and TST results in kidney dialysis patients who
had been exposed to a healthcare worker with infectious TB,
indicating that all three immune-based TB tests may have suboptimal performance in this patient population [32].
In accordance with guidance from the European Centre for
Disease Prevention and Control (ECDC) and the Tuberculosis
Network European Trials Group (TBNET) [13, 33], the authors of this review recommend that both TST and IGRA are
performed in parallel, in individuals with impaired immune
function, including children with CKD, when investigating
for TB infection, as chronic uraemia impairs innate as well
as adaptive T cell–mediated immune responses [34]. If either
test produces a positive result, the presence of TB infection
should be assumed and LTBI treatment should be initiated
once TB disease has been excluded. It should be noted that
BCG is contraindicated in children with a history of TB infection. Further guidance on the management of TB infection in
the pre-transplantation setting can be found in the TBNET
consensus statement [13]. Children with significant CKD in
a low TB incidence country and significant confirmed TB
contact should be considered for LTBI treatment even if
TST and IGRA results are negative in view of the likely lower
sensitivity of these tests in the context of severe kidney impairment and/or immunosuppression. The significance of possible TB exposure should be assessed in conjunction with a
paediatric TB specialist.

In the post-transplantation setting, once immunosuppressive medication has been initiated, both TST and IGRAs
should be regarded as unreliable for the same reasons as
discussed above. With regards to IGRAs, clinical studies have
produced conflicting results, with some authors stipulating
that their performance is sustained, and others concluding that
their performance is impaired [13, 30, 35]. Some studies have
been limited by the absence of a true gold standard test for
LTBI, which complicates their interpretation. More recent data from in vitro models show that a range of immunosuppressive agents, including corticosteroids, anti-TNF-alpha agents
and calcineurin inhibitors have detrimental effects on the performance of IGRAs [36–38]. Therefore, negative TST and
IGRA results post-transplantation must be interpreted with
great caution. A positive test result remains useful, but currently it is impossible to determine whether a negative result
indicates absence of LTBI or alternatively a false-negative test
result due to the underlying medical condition and/or immunosuppressive therapy.

Bacillus Calmette-Guérin vaccine
BCG development and immunisation policies
Bacillus Calmette-Guérin (BCG) is an attenuated strain of
Mycobacterium bovis used as a live vaccine against TB.
BCG has been included in the WHO Expanded Programme
on Immunisation since 1974.
Most vaccines included in universal vaccination
programmes are recommended in patients with CKD. BCG
is included in the national schedule for some countries for all
children and in other countries, only in children at risk of TB
infection. In some countries, CKD is considered a risk factor
for TB disease in itself and it is therefore recommended for all
these children if not previously administered [39–41]. A recent survey in 18 tertiary paediatric nephrology centres from
12 European countries showed that BCG was recommended
as part of the national schedule in five countries, recommended in CKD in three countries and had no specific recommendation in the remaining four countries [39].
BCG efficacy
Vaccination with BCG has been shown to provide substantial
protection against tuberculous meningitis and disseminated
TB in the general population. A systematic review identified
six randomised controlled trials (RCTs) that reported on the
protective efficacy of BCG against meningeal and miliary TB,
which included 157,264 participants [42]. Vaccine protection
was found to be substantial (RR 0.15, 95% CI 0.08–0.31),
reducing severe TB in vaccinated individuals by 85%.
Protection was highest when the vaccination was performed
in the neonatal period, with 90% reduction of severe TB (RR
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0.10, 95% CI 0.01–0.77), and in school-age children who
were TST negative, with 92% reduction of severe disease.
Protective efficacy against pulmonary TB was also estimated in the same meta-analysis, including 309,300 participants
from 18 studies [42]. Vaccine protection against pulmonary
TB varied considerably in different subgroups depending on
study design, age of vaccination, TST positivity and geographical location (distance from the equator). Analysis in
the different subgroups showed the efficacy was higher in
studies with lower risk of diagnostic detection bias (60%,
95% CI 36–75%). Among those vaccinated as neonates, the
relative risk (RR) for pulmonary TB was 0.40 (95% CI 0.280.56). Among school-age children who were TST negative at
the time of vaccination, protective efficacy was higher (RR
0.25, 95% CI 0.21–0.31); however, protection was low among
older age groups who were TST negative (RR 0.88, 95% CI
0.58–1.31). BCG also protects against LTBI as shown in a
systematic review including 3855 participants from 14 studies
[43]. Studies specifically investigating vaccine efficacy in special patient subsets, such as patients with CKD, are lacking.
BCG risk
Complications following vaccination with the live-attenuated
BCG strain are rare, but well described [44]. These include
regional and extra-regional localised disease, such as BCG
abscess and axillary lymphadenitis, which generally have a
good prognosis [45], but may potentially delay proceeding
to kidney transplantation. The most severe complication is
disseminated BCG disease, which in the vast majority of cases
is associated with an underlying immunodeficiency, usually
primary (severe combined immunodeficiency, chronic granulomatous disease and other cell-mediated immune defects) or
HIV infection [46, 47]. Mortality in such cases is very high,
with fatal outcome in up to 80%, although directly attributable
mortality is difficult to determine, due to the high frequency of
other co-morbidities and the presence of other opportunistic
infections [48].
BCG immunisation for children with CKD or undergoing
kidney transplantation has previously been advocated in some
low incidence settings [39]. However, some caution for the
use has been expressed, in particular for those children who
are receiving immunosuppressive therapy or are known to
have an underlying immunodeficiency. Systematic data on
the safety of BCG immunisation in children with CKD are
lacking, but equally no case reports have been published on
severe adverse effects of BCG immunisations in this setting.
In the absence of safety data on BCG immunisation in patients
with CKD or kidney transplant recipients, observations from
liver transplant patients may help to guide decision making. In
a case series from Japan no patient was diagnosed with BCG
disease among 144 patients who received the BCG vaccine
within 4 weeks to 4 years before liver transplantation [49]. In

addition, five patients were identified who received BCG less
than 4 weeks before or after liver transplantation and these
also experienced no adverse events in relation to BCG
immunisation.
One case of disseminated BCG disease has been reported
in an adult kidney transplant patient, who had previously received intravesical BCG therapy for uroepithelial carcinoma
[50]. Despite the lack of data on the risk of BCG-related complications post solid organ transplant, it is widely accepted that
there is a potential risk from any live vaccine used, including
BCG [51, 52].
Treatment of BCG-related disease
If BCG disease occurs, treatment will depend on severity and
whether disease is localised or disseminated. Other factors to
be considered include the degree of immunosuppression, as
well as the causative BCG strain, as the antibiotic susceptibility pattern varies between strains [53]. Treatment for disseminated disease should always be supervised by a specialist TB
paediatrician. Commonly used drugs included isoniazid and
rifampicin. Isoniazid is potentially hepatotoxic and may cause
pyridoxine-dependent peripheral neuropathy if the child is
nutritionally compromised; rifampicin is a potent cytochrome
P450 enzyme inducer leading to numerous potential drugdrug interactions. Although for both drugs, many clinicians
do not recommend dose adjustments in CKD, they may need
adjustments during peritoneal or haemodialysis [54].
Summary
In summary, there is very limited evidence for efficacy of
BCG in children with CKD on kidney replacement therapy
or prior to kidney transplantation. There are potential risks to
administration of BCG and the treatment of BCG complications, if they occur in the context of kidney transplantation.
Kidney replacement therapy and pre-transplantation assessment alone are not indications for BCG in low TB incidence
settings. The authors propose that BCG vaccine should only
be given in the presence of additional risk factors for TB
exposure as per relevant national immunisation guidance.

Treatment of LTBI and TB disease in children with
chronic kidney disease
Latent TB infection
No data exist as to which therapeutic regimen is optimal for
treatment of LTBI specifically in children with CKD, on kidney replacement therapy or post kidney transplantation. There
are a number of potential treatment regimens for LTBI, including isoniazid, rifampicin and rifapentine as monotherapy
or combination treatment [55]. As noted above, drug regimen
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adjustments may be necessary during dialysis [54]. To avoid
potential interactions of rifampicin with immunosuppressive
medication post kidney transplant, isoniazid monotherapy appears the better option in that setting. The choice of regimen
should therefore be discussed with a paediatrician with experience in the management of TB in children and a kidney and/
or infectious diseases pharmacist.

5.

TB disease
6.
Guidance on the treatment of TB disease in children with
CKD, kidney replacement therapy or post kidney transplantation is beyond the scope of this review. In general, treatment
should follow standard national recommendations, giving additional consideration to drug interactions, kidney allograft
function, potential drug toxicity and immune status.
Treatment and monitoring should be guided by an expert in
paediatric TB in close collaboration with the paediatric transplant team and a specialist pharmacist.

Recommendations

7.

8.

In the light of the above review of evidence, the authors make
the following recommendations relating to BCG and investigation and management of TB infection in countries with low
TB incidence:
1. The indications for BCG immunisation in children with
CKD are the same as in the general population. There
should be close liaison with services providing BCG
immunisation to ensure that children with CKD who meet
the criteria for BCG immunisation receive their vaccination
(if no other contraindications are present). In low TB prevalence countries, CKD without additional risk factors for
TB exposure is not an indication for BCG immunisation.
BCG immunisation is contraindicated in those receiving
immunosuppression for kidney transplantation.
2. Due to their increased susceptibility to TB disease, all
children with CKD should be referred promptly to TB
services for clinical assessment if they develop any symptoms suggestive of possible TB disease. This is especially
important in children aged less than 2 years old, after
initiation of long-term kidney replacement therapy, and
after immunosuppression for kidney transplantation.
3. All children with CKD should be screened by history for
risk factors for potential TB exposure, and for known TB
exposure. Any patient identified as having a history of
contact or risk factor for exposure should have TST and
IGRA performed as soon as possible.
4. If either TST or IGRA is positive, the child should be referred to a TB service for evaluation (including chest x-ray)
to exclude TB disease; if there is no evidence of TB disease,

9.

the child should receive treatment for LTBI. Children who
have indeterminate IGRA results and a negative TST should
have a repeat IGRA. If the test result remains indeterminate,
the patient should be referred for a chest x-ray and assessment by the TB team, who will decide whether LTBI treatment is warranted based on a risk assessment.
A history of new possible TB exposure, including extended travel to a high TB prevalence region, should be sought
at each annual review.
At initiation of long-term kidney replacement therapy,
and at decision to proceed to kidney transplantation, all
children should have a further review of TB contact, of
risk factors for TB exposure, and an IGRA and TST.
If a child on kidney replacement therapy or after immunosuppression for kidney transplantation has a significant
new contact with a case of infectious TB, they should be
re-assessed for TB disease. If there is no evidence of TB
disease, they should be discussed with an expert in childhood TB for consideration for treatment for LTBI, irrespective of the TST and IGRA results considering the
increased risk of false-negative results.
Children on kidney replacement therapy (but NOT children who are immunosuppressed for kidney transplantation) who have significant contact with respiratory TB
and (a) have not been previously immunised with BCG,
(b) have no evidence of TB disease and (c) remain negative by TST and IGRA at break-of-contact testing should
be offered the BCG vaccine, in line with national
immunisation guidelines (see Supplementary Tables 1–
4, an example of national guidance and risk-based approach to BCG vaccination).
Treatment of LTBI and TB disease in children with CKD,
on long-term kidney replacement therapy or after immunosuppression for kidney transplantation, should be supervised by an expert in the management of childhood
TB in collaboration with the nephrology team and a specialist pharmacist. For fully sensitive TB, standard antiTB regimens should be used (LTBI: isoniazid for six
months or rifampicin plus isoniazid for three months;
TB disease: rifampicin, isoniazid, pyrazinamide plus ethambutol for two months followed by rifampicin plus isoniazid for four months which may be extended for
extrapulmonary/disseminated disease) and medication
doses and frequency of administration should be tailored
to the patient’s kidney function, kidney replacement therapy regimen and potential interactions with other medications. In addition therapeutic drug monitoring for anti-TB
regimens should be considered.
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