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ABSTRACT

In 2010, the British Thoracic Society published guidelines on the management of tuberculosis (TB) in-
fection and disease in patients with chronic kidney disease (CKD), in response to physicians’ concerns
about the challenges encountered in treating this complex patient group. Later, in 2010, we summarized
the main messages from these guidelines for readers of this journal. The purpose of this review is an up-
date on the current management of latent and active Mycobacterium tuberculosis infection in patients
with CKD. Patients with CKD have an increased risk of both infection and disease with Mycobacterium
tuberculosis, and practice varies between renal units. Since 2010, the majority of published data have
focused on screening for TB infection in immunosuppressed patients, including those with CKD and
transplant recipients. While there is currently no perfect screening test, the evidence suggests that we
should be using the available interferon-y release assays, with or without the tuberculin skin test, to
try and reduce the undoubted risk of active TB in these patients. While we are not aware of any new
evidence to change the recommended treatment regimens, we have reiterated some of the important
recommendations outlined in the original guidelines.

Introduction  The risk of tuberculosis (TB) is in-
creased in patients with chronic kidney disease
(CKD) when compared with those with normal re-
nal function.' This is due to multiple factors, in-
cluding coexistent immunodeficiency secondary
to impaired cell-mediated immunity, diabetes, hu-
man immunodeficiency virus infection, or immu-
nosuppressive therapies, particularly after trans-
plant surgery. Patients from ethnic minorities
are also at higher risk of both renal impairment
and latent TB infection (LTBI), following migra-
tion from or travel to countries with a high inci-
dence of TB.? Together, this means that patients
with CKD are at significant risk for both de novo
infection and reactivation of LTBI. Diagnosis can
be a challenge due to nonspecific symptoms and
arelatively high incidence of extrapulmonary TB,
particularly peritoneal disease in patients receiv-
ing renal replacement therapy with continuous
ambulatory peritoneal dialysis (CAPD).?

The British Thoracic Society (BTS) guidelines on
the management of TB infection and disease in

patients with CKD were published in 2010,* and
we later summarized the main messages from
those guidelines for readers of this journal.® This
review provides an update on the current man-
agement of latent and active Mycobacterium tu-
berculosis infection in patients with CKD.

Until recently, most reports on the incidence of
TB in patients with CKD came from countries with
a high baseline incidence of TB. The original Na-
tional Institute for Health and Clinical Excellence
(NICE) guidelines® reported an incidence of 10 to
25 times the background rate for patients with
CKD or on dialysis, and 37 times for renal trans-
plant recipients, based on a small case series,’ al-
though this figure is absent from the latest guide-
lines (2016).8 In a recently published series of pa-
tients from London, covering the period of 1994
to 2010, the cumulative incidence of TB in patients
with CKD was found to be 85 times the background
rate in patients on hemodialysis and 35 times in
transplant recipients. The median time to diagno-
sis was 12 months following the diagnosis of CKD,

REVIEW ARTICLE Management of tuberculosis infection and disease in chronic kidney disease 681



682

and 25% of patients with positive culture results

had organisms resistant to at least one of the first-
-line drugs.’ This means that the diagnosis of both

active disease and LTBI is crucial in patients with

CKD. For example, in our unit alone in the years

2015 and 2016, we reported 2 cases of active TB

(presumed reactivation from undiagnosed LTBI) in

transplant recipients born in Africa and Asia, and

1 case in an indigenous patient with no history of
prior exposure. This illustrates the importance of
the attempts to find reliable screening tools for di-
agnosing LTBI in these patients as well as vigilance

for active TB disease.

Since the publication of the 2010 BTS guide-
lines,* the majority of research has centered
around the performance of the interferon-y re-
lease assays (IGRAs) and the tuberculin skin test
(TST) as screening tests for LTBI in this patient
group. This review summarizes the latest litera-
ture data.

Screening for latent tuberculosis Patients with
CKD either on dialysis or following transplant
have a significant risk of developing active TB. Lee
et al'’ reported a higher prevalence of LTBI in pa-
tients on hemodialysis than in healthy controls
and a rate of active TB of 3.53 per 100 person-
-years. Where possible, we should seek to reduce
the risk of active disease through effective man-
agement of latent disease. The diagnosis of LTBI
can, however, be problematic. Both the 2010
BTS guidelines” for the management of TB in
patients with CKD and the 2016 NICE guidelines®
for the diagnosis and management of TB suggest
that all patients with renal disease need a risk as-
sessment based on the presence and severity of
their immunocompromised state as well as risk
factors for TB infection, including contact with
infected persons and significant time spent in
a country with medium-to-high background rates
of TB. An assessment for possible active disease
should also be made.

Tuberculin skin test In patients with renal failure,
because of associated immunodeficiency, the re-
ported rates of skin anergy to the TST vary but
can be up to 50%, which translates to a low sen-
sitivity for the test in this group.* This is thought
to be related to impaired cellular immunity asso-
ciated with uremia. Therefore, a negative test re-
sult cannot be assumed to be true negative, while
a positive test result should prompt further in-
vestigation in these patients.

Interferon-y release assays The 2 commercial-
ly available IGRA tests (TSpot.TB, Oxford Diag-
nostic Laboratories, Oxford, United Kingdom and
QuantiFERON-TB Gold In Tube [QFT] Cellestis,
Australia) have advantages over the TST in that
they have increased specificity with less cross-
-reactivity with the Bacillus Calmette-Guérin vac-
cine and the majority of environmental or non-
tuberculous mycobacteria.

POLISH ARCHIVES OF INTERNAL MEDICINE  2017; 127 (10)

The IGRA response can be reduced in immu-
nocompromised patients when compared with
immunocompetent controls, but remains high-
er than the TST response." In a recent study of
95 patients with end-stage renal failure receiv-
ing hemodialysis, the QFT was reported to have
a sensitivity of 100% and a specificity of 62% for
active (as opposed to latent) TB and was superior
to the TST," although the main use of these tests
is to identify LTBI. A positive IGRA result is as-
sumed to identify patients with the highest risk
of progression to active TB. Most studies have in-
cluded predominantly non-immunocompromised
patients during contact tracing and have not com-
pared any of the IGRAs with the TST. A meta-
-analysis of such studies investigating the positive
and negative predictive values of the IGRAs and
TST showed that the pooled positive predictive
value for progression in at-risk groups with mixed
etiologies was 6.8% (95% confidence interval [CI],
5.6%-8.3%) and 2.4% (95% CI, 1.9%-2.9%) for
the IGRAs and the TST, respectively, and the neg-
ative predictive value for both IGRAs and the TST
exceeded 99% with narrow Cls.” Kim et al' re-
ported that 5.6% of untreated renal transplant
recipients with a positive IGRA result developed
active TB.

The pan-European TBNET trial,'® probably
the most comprehensive cross-sectional pro-
spective cohort study, involving 17 centers from
11 European countries, compared the 2 commer-
cially available IGRAs and the TST. The risk of ac-
tive TB in 5 different groups of immunocompro-
mised patients and a group of immunocompetent
controls was assessed. In 270 patients with CKD,
the frequency of a positive test result ranged from
25.3% to 30.6%, while in 197 solid-organ trans-
plant recipients, the frequency was both lower
and more variable (9.0%-20%). The higher level
of positive results in patients with CKD proba-
bly reflects the multifactorial nature of immuno-
deficiency in CKD, which is not primarily T-cell
mediated, whereas immunodeficiency following
transplantation is mainly due to drug-induced
suppression of T-cell function.'®"” Up to 20% of
immunocompromised patients had an indetermi-
nate IGRA result compared with controls, with
the highest rate found in those considered most
immunodeficient, including transplant recipi-
ents, and a lower rate in patients with renal fail-
ure. Together with the higher percentage of posi-
tive test results, this suggests that immunodiag-
nostic assays are less affected by the underlying
etiology of immunodeficiency in CKD compared
with that after transplant, namely, the effects on
T-cell function following transplantation and the
required immunosuppressive therapy.

The performance of the TST and IGRAs un-
doubtedly differs among patients with various
etiologies of immunodeficiency, and it is current-
ly unclear which test is preferable for immunodi-
agnostic testing. The TBNET study revealed that
the between-test agreement was higher between
IGRAs, which also generally had a higher rate of



positive results and were more strongly associ-
ated with exposure to Mycobacterium tuberculo-
sis.”® The percentage of those with positive re-
sults from all 3 assays or with positive results
from the 2 IGRAs was the highest in cases with
the greatest likelihood of exposure to TB, where-
as positive results from only one test were less
likely to be linked to exposure variables. While
this could suggest false positive results, it may
also be caused by variable effects of immunode-
ficiency on immune reactivity in vivo and in vitro.
This also demonstrated that neither of the IGRAs
nor the TST were adequately able to predict those
at risk of later developing TB.

It must also be remembered that a negative test
result is not always true negative, and the mean-
ing of indeterminate results is unclear. Further-
more, once a patient has had active TB or LTBI
with a positive TST or IGRA result, we do not
know when, if ever, these test results return to
normal.'

How and when to screen? A recent survey in
the United Kingdom (UK) revealed that only one-
-third of renal units follow the latest guidelines."
IGRA testing is rarely used, and treatment sched-
ules for latent disease were at an incorrect dose
or schedule in nearly 50% of cases. There appears
to be alack of appetite in renal units to screen all
patients on the transplant list, for example, as not
all patients on that list will necessarily proceed
to transplant (Ostermann M, personal commu-
nication). However, the figures from a large UK
renal unit suggest that hemodialyzed patients
at risk could well benefit from screening, wheth-
er or not they proceed to transplant surgery.®In
a recent study from Turkey, Sehan et al?’ dem-
onstrated that 6.2% of patients on hemodialysis
with a positive QFT result progressed to active
disease over a 5-year follow-up compared with
1.1% of healthy controls.

However, there is no perfect screening method
and the increasing number of studies using IGRAs
has highlighted their limitations and the difficul-
ties in their clinical interpretation. The available
screening tests need to be used with an appropri-
ate risk assessment and a chest radiograph. Also,
which patients with CKD should be screened for
LTBI and active disease? We cannot assume that
all patients with renal failure have the same lev-
el of immunodeficiency, and it is likely that those
with stages 4 or 5 CKD are more immunodeficient
than those with stages 2 or 3. There do not ap-
pear to be any studies which have looked at the
performance of these 3 tests in different stages
of CKD, although recent evidence that there is in-
deed a significantly higher risk of active disease
in those on renal replacement therapy® suggests
that screening patients originating from coun-
tries with a high background risk of active dis-
ease as well as those with a clear history of TB
contact should certainly be considered.

According to the 2012 TBNET consensus state-
ment,'® pretransplant screening for LTBI should

be performed with a TST or IGRA or both, al-
though false negative or indeterminate results in
patients with a high risk of exposure or profound
underlying immunosuppression can be difficult
to interpret. These patients should be evaluated
carefully, both to determine the risk and to ex-
clude active TB before initiating LTBI treatment.
The advice for those with indeterminate results
is usually to repeat the test.

While there is still no perfect test for LTBI,
there is sufficient evidence that a positive result
from either of the 2 commercially available IGRAs
with or without the TST usually gives sufficient
grounds for chemoprophylactic treatment in this
significantly immunocompromised group. The dif-
ficulty arises with negative and indeterminate re-
sults, which cannot be assumed to be true neg-
atives, so patients considered to be at particular
risk should be monitored carefully.

Assessment for active disease  All patients should
be assessed for active disease. A detailed clinical
history should be taken, including previous his-
tory of TB and contact with TB. Particular atten-
tion should be paid to symptoms of cough, spu-
tum production, fever, night sweats, weight loss,
and lymphadenopathy. However, it should be not-
ed that from 30% to 50% of patients will pres-
ent with extrapulmonary disease, and symptoms
may not always be classic. In addition to this, pa-
tients on peritoneal dialysis who are at risk of
intra-abdominal infection also require special
consideration.®?'

A chest radiograph should be performed as part
of the workup of all renal patients to show any
evidence of previous TB disease, but also so that
future radiographs can be compared with previ-
ous studies, and any new infiltrates warrant fur-
ther investigation. Further site-specific investi-
gations such as abdominal ultrasound, comput-
ed tomography, or spinal magnetic resonance im-
aging should be considered based on symptoms.

Every attempt should be made to obtain sam-
ples for microscopy and culture. In suspected
pulmonary disease, 3 sets of early-morning spu-
tum samples (if available) should be sent for di-
rect smear, culture, and sensitivity. If pulmonary
disease is suspected based on chest radiograph
but the patient has no productive cough, induced
sputum or bronchoscopy could be considered. In-
trathoracic lymphadenopathy can be investigat-
ed with endobronchial ultrasound and biopsy. If
the disease site is extrapulmonary, an attempt
should be made to obtain a tissue sample. This
should be examined histologically for the appear-
ance of granulomata, which are suggestive of dis-
ease, and stained for acid-fast bacilli. Biopsy spec-
imens should also be sent for culture, and it is im-
perative that they are placed in a plain pot, and
not in formalin, for a microbiological assessment.

Treatment of latent tuberculosis infection and active
tuberculosis  Appropriate treatment of Myco-
bacterium tuberculosis in renal patients remains
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challenging. Patients with renal disease are at an
increased risk of side effects, compared with those
with normal renal function.®

Given the high incidence of active TB in pa-
tients with CKD, particularly those due to un-
dergo transplantation, and the earlier paucity of
evidence on the use of IGRA testing in these pa-
tients, one approach has been to treat all trans-
plant recipients with chemoprophylaxis. This pres-
ents 2 difficulties: one is that this fails to identi-
fy patients with active disease and the second is
that chemoprophylaxis is not without risk. Drug-
-induced hepatitis is the primary problem and
may outweigh the risk of TB infection in those
with low risk and without evidence of LTBIL. Some
centers limit the use of posttransplant chemo-
prophylaxis to patients with increased risks, but
without a screening program, some with no per-
ceived risks may still have LTBI that reactivates
after transplant. In the UK, there is a marked dis-
crepancy among renal units regarding chemopro-
phylaxis policy, with no clear association with re-
gional incidence of TB and a broad variation in
duration of chemoprophylaxis from none to life-
long.?? Unfortunately, guidelines do not appear
to be followed and the evidence for appropriate
chemoprophylaxis has failed to be put into clin-
ical practice in some units.

Chemoprophylaxis There are 3 recommended
treatment regimens for preventive therapy of
LTBI using isoniazid or rifampicin or both. Both
these drugs are metabolized by the liver, and
poor renal function should not be problematic.
However, patients with renal disease do seem
to be more prone to peripheral neuropathy and
central neurological disturbance sometimes as-
sociated with isoniazid; therefore, pyridoxine
should be added to any isoniazid-containing regi-
men.* The common regimens are: 6 (or 9) months
of isoniazid, 300 mg/d, plus pyridoxine*?%2+; 3
months of isoniazid and rifampicin based on
weight (with pyridoxine); or 4 months of rifam-
picin alone, which seems to be better tolerated
than isoniazid-containing regimens.?3?% There
should be no problem with the use of rifampicin
in patients on hemodialysis and CAPD, but most
centers prefer to use isoniazid alone in transplant
recipients because of the interactions between
the rifamycins and immunosuppressive agents
used to prevent rejection.

A Cochrane review including 11 trials with a to-
tal of 73375 patients and investigating the risk
of progression after chemoprophylaxis showed
a risk ratio of 0.44 (95% CI, 0.27-0.73) for 6
months of using isoniazid alone and of 0.38
(95% CI, 0.28-0.50) for longer periods of up to
12 months. There was no additional benefit from
the longer periods of chemoprophylactic treat-
ment in preventing subsequent reactivation.?®
Although a more recent detailed meta-analysis
showed high efficacy following 9-month treat-
ment with isoniazid alone, this was based on few
data.” Furthermore, the longer regimens are
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at the expense of increased side effects and poor-
er compliance; hepatotoxicity, for example, dou-
bled with 12-month therapy (0.52% vs 0.26% for
6-month treatment).?3?* One randomized study,
however, did not report a problem with hepa-
totoxicity in 181 patients who received a 1-year
course of isoniazid after transplant in a high-
-incidence country.?® Of the patients treated, one
later developed TB, as compared with 16 of the
207 patients who were not treated (P = 0.0003).

A 3-month treatment with isoniazid plus ri-

fampicin or a 4-month treatment with rifampicin
alone may be equally efficacious as the isoniazid-
-only regimens,?’ and 12 weeks of isoniazid and ri-
fapentine have been shown to have similar effica-
cy to 9 months of isoniazid alone.?® In a recent re-
view and meta-analysis comparing different LTBI
treatment regimens, those containing rifampicin
for 3 months or more were potentially more ef-
ficacious in preventing active TB than isoniazid
monotherapy.?® This would support the view that
at-risk patients on dialysis should be screened
for LTBI and treated appropriately, whether or
not they then proceed to a transplant, as the ri-
famycins can generally be used with fewer prob-
lems in patients not yet on immunosuppression
for graft protection. Indeed, a prospective ran-
domized controlled trial of isoniazid chemopro-
phylaxis during hemodialysis in a high-incidence
country showed a significantly lower incidence of
TB in the treated dialysis group compared with
controls, with a risk ratio of isoniazid versus con-
trols for the development of TB of 0.40 (95% CI,
0.17-0.92; P = 0.032).%°

It is not necessary to complete chemoprophy-
laxis prior to transplantation, but all patients both
before and after a transplant will require close
monitoring for both drug toxicity and drug-drug
interactions.

Patients who have completed chemoprophy-
laxis should have a considerably reduced risk of
active TB unless they are reinfected. The some-
times indiscriminate use of chemoprophylaxis in
all transplant recipients may account for the re-
duced incidence of active disease found in these
patients compared with those on dialysis.®®° A re-
cent study from Saudi Arabia indeed demonstrat-
ed that expanded isoniazid chemoprophylaxis for
deceased-donor kidney recipients was responsi-
ble for a significant reduction in post-transplant
TB in a moderate-incidence country.3

Treatment for active disease All patients with ac-
tive TB should be treated with 4 agents as per the
guidelines.! The first-line treatment is with rifam-
picin, isoniazid, pyrazinamide, and either etham-
butol or moxifloxacin with pyridoxine. As with ri-
fampicin and isoniazid, pyrazinamide is likewise
subject to hepatic metabolism, although in CKD
stages 4 and 5 and on hemodialysis, excretion of
metabolites may be impaired, resulting in uric
acid retention and gout. Ethambutol is excreted
by the kidneys in 80% and accumulates in renal
failure, similarly to aminoglycosides. The levels of



ethambutol and aminoglycosides should be mon-
itored, and moxifloxacin is often substituted for
ethambutol in patients with CKD, those on dial-
ysis, and transplant recipients. Note that moxi-
floxacin is only suitable for daily use and cannot
be given 3 times a week. Since the introduction
of the 2010 guidelines, there has been no evi-
dence to suggest a change in the recommended
regimen for active TB.*

Special considerations in chronic kidney disease Pa-
tients with renal disease have a higher incidence
of adverse effects related to antituberculous drugs
than patients with normal renal function,* and
should be managed by physicians experienced in
the management of TB. Input from a renal phar-
macist can also be helpful.

To avoid accumulation, changes to regimens
that include pyrazinamide and ethambutol must
be made for patients with advanced stages of
CKD or on renal replacement therapy. However,
dose adjustment can lead to decreased efficacy as
these drugs exhibit concentration-dependent ac-
tivity. In view of this, increasing the dose inter-
val to 3 times weekly is recommended in stages
4 and 5 CKD and in patients on hemodialysis, as
evidence suggests increased efficacy using this
approach. Both rifampicin and isoniazid can be
given at the normal daily dose. Moxifloxacin is
frequently substituted for ethambutol but is only
suitable for daily dosing.*

Hemodialysis The best approach to dosing for
patients receiving hemodialysis is still being de-
bated. Dosing 4 to 6 hours before dialysis has
the advantage of reduced toxicity in regimens
containing ethambutol and pyrazinamide, but
at the risk of premature drug removal. This can
be avoided by postdialysis dosing, which also po-
tentially facilitates directly observed therapy and
hence compliance, but this is balanced against
the risk of increased drug levels between dial-
ysis sessions. Monitoring of peak (1 hour after
dosing) and trough (predose) levels of ethambu-
tol and aminoglycosides is therefore mandatory.

Peritoneal dialysis Less is known about the phar-
macokinetics of antituberculous drugs in patients
undergoing CAPD. One study has shown that
no adjustment in doses is needed for rifampicin,
isoniazid, or pyrazinamide in patients on CAPD
with pulmonary or systemic TB.*" However, ri-
fampicin has a high molecular weight, lipid sol-
ubility, and protein-binding capacity, and only
small amounts are found in the peritoneal dial-
ysate, but drug levels of the other drugs appear
to be variable. Therefore, the dose of rifampicin
may need to be increased in patients with peri-
toneal TB. However, doses of isoniazid and pyr-
azinamide also need to be carefully monitored in
these patients, and adjusted accordingly.

Posttransplant drug interactions After trans-
plant, there is a potential problem with the use

of rifamycins and concomitant immunosuppres-
sion. These drugs reduce the efficacy of steroids
and other immunosuppressive agents such as my-
cophenolate mofetil, cyclosporine, and tacrolim-
us by the upregulation of cytochrome P450, and
can result in an increased rate of graft rejection.’
As a general rule, steroid doses should be doubled,
while the measurement of drug levels of other im-
munosuppressive drugs and appropriate dose ad-
justments should be made to protect the graft.*
Rifabutin demonstrates considerably less inter-
action with these drugs than rifampicin, as it is
a weaker inducer of cP450; therefore, rifabutin
is being used more frequently after transplant.?
Care should also be taken with rifabutin if used in
combination with the macrolides, as it increases
the risk of uveitis.?* There have also been reports
of rifabutin-induced neutropenia.?*-3® In a multi-
center study evaluating the tolerance and poten-
tial pharmacokinetic interactions between rifab-
utin and azithromycin, the incidence of neutro-
penia ranged from 10% to 26%; moreover, during
the first 14 days of monotherapy with rifabutin,
there was a significant decrease in the absolute
neutrophil count.®* This suggests that significant
neutropenia is not a rare side effect of rifabutin,
and it is recommended that the white cell count
be monitored for 1 week after initiation of ther-
apy and at 2 to 4 weekly intervals thereafter.’

Summary Patients with CKD are at significant-
ly increased risk of both latent infection and ac-
tive disease with Mycobacterium tuberculosis. Cur-
rent practice is variable and not always in accor-
dance with the latest guidelines. A risk assess-
ment should be performed for all patients with
CKD in terms of their level of immunosuppres-
sion and risk of TB exposure. At-risk patients
should be screened, with the highest rate of de-
tection being with concomitant TST and IGRA
testing. This area has been the subject of most
of the additional research since 2010 and, while
none of the available screening tests is 100% re-
liable in this patient group, there have been nu-
merous publications supporting the use of IGRA
testing with or without the TST. Negative and in-
determinate results should be considered in con-
junction with a risk assessment and chest radio-
graph. The timing of screening is still being de-
bated, but prior to transplantation, it would al-
low the use of rifamycins in chemoprophylactic
regimens, and could also reduce the high rates of
active TB seen in dialysis patients. It is crucial to
exclude active disease and treat this if it is found
at whatever stage of CKD, dialysis, or transplan-
tation. We believe that there has been no sub-
stantial evidence published to support changing
the treatment regimens recommended in the 2010
guidelines, but moxifloxacin is often used instead
of ethambutol in severe renal disease, and rifab-
utin has become an increasingly popular alterna-
tive to rifampicin after transplant.
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