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Abstract
Patients with chronic kidney disease (CKD) have an increased risk of developing tuberculosis
(TB) compared to those with normal renal function. The reasons for this are well described,
but include impaired cellular immunity, a high incidence of co-morbid conditions as well as
the concomitant use of immunosuppressive medications. Ethnicity as well as socio-economic
factors also prevail. Expert guidelines recommend TB chemoprophylaxis in renal transplant
recipients deemed at high risk – invariably those from ethnic minorities or recent arrivals from
areas with high endemic rates of TB. However, in most renal centres within the UK including
our own, high risk patients with advanced CKD (stages 4 and 5) are not routinely screened for
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latent TB infection (LTBI) prior to transplantation, thus contributing to missed opportunities
for preventing TB disease. We report four challenging cases of patients diagnosed with TB
disease on a background of advanced CKD, who all presented within an 18-month period
whilst under the care of a large tertiary renal centre. Two of the cases were patients with wellfunctioning renal transplants and two were on renal replacement therapy. We describe our
experience and share practical considerations on how to manage TB in CKD including the role
of therapeutic drug monitoring in peritoneal dialysis. These cases highlight the need for a
better awareness of the possibility of TB reactivation and underscore the arguments in favour
of screening programmes for LTBI in patients with advanced CKD.
Keywords
Tuberculosis; peritoneal dialysis; chronic kidney disease; renal transplantation; therapeutic
drug monitoring

1. Introduction
Patients with advanced chronic kidney disease (CKD) have an increased risk of developing
Mycobacterium tuberculosis (TB) infection and disease compared with those with normal renal
function [1]. The main reasons for this are impaired cellular immunity, immunosuppressive
medications, diabetes mellitus and co-infection with human immunodeficiency virus (HIV). Patients
from ethnic minorities are at particular risk of developing both TB and CKD [2]. Socio-economic and
lifestyle factors also contribute [3]. In patients with CKD, the diagnosis of TB can be difficult and
delayed due to non–specific symptoms and a higher incidence of extra-pulmonary involvement.
Within renal transplant recipients, TB infection and disease is associated with increased mortality
and allograft loss [4, 5].
Estimates of the relative risk (RR) of developing TB infection and disease amongst patients with
CKD are varied and confounded by some of the factors listed above. The British Thoracic Society
(BTS) guidelines on the clinical management of TB in patients with CKD [6] cited a 10-25–fold higher
risk of developing TB amongst haemodialysis (HD) patients, when compared with the general
population. In a recently published study in London, when compared with background TB rates, the
risk of developing TB infection and disease was 29-fold, 9-fold and 12-fold higher in HD, PD and
transplant recipients respectively [7]. In areas endemic for TB, the RR is also higher, although at a
lower adjusted risk at between 2-4 times background rates [1, 8].
In renal transplant recipients, the incidence of TB infection is mainly determined by the prevailing
epidemiological risk in the country with estimates that range from 0.34% in Spain – a low TB burden
country [9] to 15% in Pakistan – a high TB burden country [10].
Set against this, the BTS and other expert groups, recommend TB chemoprophylaxis in all graft
recipients of Indo-Asian or African heritage as well as anyone who has been living in the UK for
under 5 years and is from a country with TB incidence rates above 40/100,000 [6]. They also
advocate individual risk assessments in those with CKD and on transplant waiting lists for those at
risk of TB infection. However, most renal centres in the UK including our own, do not routinely
screen patients for latent TB infection (LTBI), but give routine isoniazid (with pyridoxine)
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chemoprophylaxis to all post-transplant patients. This can result in over treatment of some patients
but also significant drug interactions with concomitant immunosuppression [11].
We present four cases of TB infection in advanced CKD where a better awareness of the
possibility of TB reactivation might have reduced the chances of subsequent development of active
disease. All four patients presented over an 18-month period between 2014 - 16, whilst under the
care of a large tertiary renal service. In two of the patients, a diagnosis other than TB infection was
originally thought to be the most likely. All four patients were successfully treated but their care
raised challenging treatment decisions in the context of renal transplant or renal replacement
therapy (RRT).
2. Case 1
A 40 year-old female of Kenyan origin was admitted for cadaveric renal transplantation. She had
CKD secondary to focal sclerosing glomerular sclerosis (FSGS) which had been managed with
continuous ambulatory peritoneal dialysis (CAPD) for the previous six months.
Upon admission, initial assessment and routine blood tests were satisfactory. She received
standard pre-transplant induction therapy using Basiliximab (an IL-2 receptor inhibitor) and
methylprednisolone. During exploration of her abdominal cavity, two 3cm abnormal necrotic lymph
nodes (LN) were found within the pelvis for which frozen section revealed necrotizing
granulomatous disease and her transplant was abandoned. Ziehl-Neelsen (ZN) staining of the LNs
confirmed the presence of acid-fast bacilli (AFB) and polymerase chain reaction (PCR) confirmed M.
tuberculosis. Staging CT revealed necrotic mediastinal and pelvic lymph nodes but no other sites of
disease.
On further review, the patient gave a 2-week history of drenching night sweats and weight loss.
The patient’s mother had been treated for TB when the patient was a child living in Kenya. However,
her mother had remained in Kenya and the patient had not returned to Kenya for at least 5 years
and had no other known TB contacts. The patient was started on daily rifampicin (R), isoniazid (H),
moxifloxacin and pyridoxine together with three times weekly pyrazinamide (Z). The patient was
suspended from the transplant list and continued on daily peritoneal exchanges. Mycobacterial
culture identified a fully sensitive organism and, following two months of treatment she was
stepped down to daily RH in line with standard care.
Therapeutic drug monitoring (TDM) of R and H identified undetectable trough drug levels, and
low post-dose levels measured at 2 and 4 hours, leading to increased doses of R and H. Meanwhile,
trough and post dose levels for Z were high, necessitating a dose reduction. TDM proved challenging
due to the time at which the patient usually took her medications and subsequent measurement of
timed drug levels within the out-patient setting. Her continuation phase of treatment was
lengthened to six months in view of the low post-dose drug levels and to mitigate against the
possibility of sub-optimal treatment. She made a complete recovery and has since been successfully
transplanted.
3. Case 2
A 51 year-old UK-born female of Nigerian ancestry and a cadaveric donor recipient was admitted
with low-grade fevers, night sweats and abdominal pain. Two years previously, she had been
transplanted for FSGS, and prior to that, had required RRT with CAPD. Her transplantation had been
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uncomplicated and, in line with guidelines, she had been commenced on isoniazid TB
chemoprophylaxis. Eight days into TB chemoprophylaxis, her alanine transaminase (ALT) levels
increased to an equivalent of four times the upper limit of normal (ULN). Isoniazid was withdrawn
and her ALT level normalised, but further TB chemoprophylaxis was not offered. She had then
remained well, with good graft function and stable immunosuppression on tacrolimus,
mycophenolate mofetil and prednisolone.
On assessment, her abdomen was noted to be mildly distended but otherwise soft on
examination. CT identified a normally enhancing renal transplant but mild peritoneal thickening and
small volume ascites. Abdominal paracentesis was performed for which fluid analysis showed a
raised WCC count at 740 cells/mm3 with mainly reactive lymphocytes and neutrophils. ZN stains for
AFBs were negative as was routine bacterial culture and tests for Epstein-Barr virus (EBV).
Immunocytochemistry analysis found no evidence of a lymphoproliferative disorder.
An explorative laparoscopy identified caseous fibrinous adhesions throughout (Figures 1a, 1b).
Peritoneal biopsy revealed granulomatous infection with a single focus of necrosis consistent with
peritoneal TB. She was managed with daily rifabutin (Rfb), HZ and ethambutol (E) together with
daily pyridoxine. Her prednisolone dose was increased and tacrolimus levels monitored more
frequently and doses adjusted accordingly. Her ALT did not rise beyond twice the ULN and she
completed a standard six-month regimen of treatment. Mycobacterial culture confirmed a fully
sensitive M. tuberculosis from both early morning urine and ascitic fluid samples. She made a full
recovery and her graft continues to function well.

Figure 1 Laparoscopic view of peritoneum showing bowel adhered to caseous fibrinous
strands in a renal transplant recipient with peritoneal TB.
4. Case 3
A 35 year-old male recipient of a simultaneous pancreas and kidney transplant for Type 1
diabetes mellitus (DM) presented with a four week history of cough, fever and breathlessness
despite two courses of antibiotics from his General Practitioner. He was Caucasian, born in the UK
and had not travelled beyond Western Europe. He had been transplanted 18 months previously and
prior to receiving his transplant had been dialysis dependent for 12 months on CAPD. He had not
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received post-transplant chemoprophylaxis. Since then, his transplant had worked well and his
immunosuppression was stable.
He denied weight loss or known TB exposure. His admission chest radiograph showed prominent
hila as well as air-space shadowing in the right mid-zone (Figure 2). Routine culture of sputum, a
respiratory viral swab, as well as tests for HIV, atypical pneumonia, EBV and cytomegalovirus were
all non-contributory.

Figure 2 Chest radiograph showing prominent hilar with air-space opacities in the right
mid-zone in a renal transplant recipient with pulmonary TB.
CT showed extensive asymmetrical mediastinal and bilateral hilar lymphadenopathy with
extensive nodularity in the right lower lobe. The grafted pancreas and kidney enhanced normally. A
post-transplant lympho-proliferative disorder was suspected. Bronchoscopy revealed multiple
mucosal lesions at the entrance to the lower lobes. Biopsy showed evidence of patchy
granulomatous infection with multiple AFBs seen. PCR confirmed M. tuberculosis with no evidence
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of rifampicin resistance and he was commenced on daily RfbHZE. On further review, no index case,
or further epidemiological risk factors could be identified and he made an uncomplicated recovery.
5. Case 4
A 41 year-old female of Gambian origin presented with pain around a recently inserted right
internal jugular (IJV) tunneled line for HD. She had developed CKD secondary to chronic tubulointerstitial nephritis with Sjogren’s syndrome. Prior to her line insertion, a brachio-cephalic
arteriovenous fistula had been created but had failed to mature and, despite a graft revision, had
not functioned well.
She was febrile on admission and the skin overlying the tunneled line was erythematous and
tender to touch. Her inflammatory markers were raised and she was managed for a suspected line
infection. Cervical ultrasound showed thrombus within the right IJV and that the left IJV was patent.
The right IJV line was removed and a temporary femoral line was secured for HD. She improved with
antibiotic treatment and, prior to discharge, a new left IJV dialysis line was inserted.
One week later, she re-presented with persistent temperatures and tenderness, now over her
cervical spine. An MRI excluded discitis and a trans-thoracic echocardiogram did not identify any
vegetations. Blood cultures remained negative and she was managed with empirical antibiotics. CT
showed an enlarged right sub-mandibular LN together with multiple small volume LN’s in the neck,
para-aortic and iliac chains. PET-CT showed intense FDG avidity within the right sub-mandibular LN
and along multiple LN chains above and below the diaphragm as well as areas of high FDG uptake
within the bowel and ileum. She continued to have temperatures up to 39°C and had lost 15kg in
weight since the onset of her symptoms. A lymphoproliferative disorder was suspected and core
biopsies were arranged of the sub-mandibular LNs. Histology showed no evidence of lymphoma or
carcinoma but did show non-necrotising granulomatous lymphadenitis. Stains for AFB and fungi
were negative, as was immunocytochemistry for CMV and in situ hybridization (ISH) for EBV. Serum
testing for human T-cell lymphotropic virus and human herpesvirus-8 were also negative as was an
interferon gamma release assay (IGRA) for TB.
A presumptive diagnosis of TB lymphadenitis was made and, after a further biopsy was arranged
for mycobacterial culture, she was started on a regimen appropriate to her weight of daily RH and
pyridoxine together with EZ given three times weekly immediately after HD. She reported no known
TB contacts and had not been treated for TB in the past. Tissue culture was negative for TB, but she
responded well to anti-TB treatment and completed a six-month course.
6. Discussion
We describe four cases of TB disease in patients with advanced CKD, two of whom had wellfunctioning renal transplants on stable immunosuppression. Three patients were of Sub-Saharan
heritage but all had been resident within the UK for over five years. These three patients also had
predominantly extra-pulmonary sites of disease. In two cases, a lympho-proliferative disorder was
thought to be the more likely diagnosis. Diagnosis in this patient group is not always straightforward,
however a summary of how the authors apply a series of widely available diagnostic tests is included
in Table 1. Mycobacterial confirmation is key and was possible in three cases, identifying fully
sensitive organisms. All four patients recovered well.
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Table 1 Commonly used investigations for TB disease in advanced CKD.
Investigations

Role

CXR

Role as part screening for those at risk of LTBI and as part of assessment for TB
disease. Typically, the presence of a calcified granuloma, apical pleural
thickening and pleural calcification may all indicate past TB exposure.

Micro-biological

An increased awareness of TB is important to ensure samples are sent for
mycobacterial culture along with bacterial and fungal culture. Repeat sampling
where practicable is advocated in those for whom samples are not initially sent
for TB culture. Early morning urine sent for TB culture is indicated in miliary and
renal TB.

PCR

Main role is in distinguishing between types of mycobacterial disease and
assessing for Rifampicin resistance on identification of M. tuberculosis. May
also have increased sensitivity than microscopy using ZN stains for AFB.

ADA

Included as part of fluid analysis of pleural effusions. In context of a lymphocytic
rich effusions, pleural ADA > 40U/L is suggestive of TB pleuritis [25]. Another
study based in a high incidence country found an ADA > or = 50U/L was 95%
sensitive and 89% specific for TB [26].

IGRA

Positive test can be associated with LTBI or active disease. Risk of false negative
in those who are immunosuppressed.

TST

Semi-quantitive role used to assess risk of LTBI. False positive can be associated
with BCG vaccination. Risk of a false negative in CKD as up to 50% of individuals
lack the cutaneous response.

CT

Role in assessment of unexplained weight loss, night sweats, pyrexia or
persistently raised inflammatory markers. Can guide further sampling for
histological and microbiological analysis.

US

Particular value in assessment of nodular pleural thickening but also to direct
image guided sampling of lymph nodes and pleural/abdominal effusions.

FDG - PET

Enhances value of CT to guide histological and microbiological sampling to sites
of active disease. Additionally can be useful to help exclude important
differential diagnoses including lymphoproliferative disorders and vasculitis.

Fibreoptic bronchoscopy may be used in those with suspected endobronchial
disease or parenchymal abnormalities with use of bronchial washings. EBUSFOB +/- EBUS TBNA
TBNA is used for sampling mediastinal and hilar lymph nodes. FOB may
additionally have a role in those with pleural disease.
Medical
thoracoscopy

Often considered in otherwise unexplained exudative pleural effusions

CXR; chest-xray, PCR; polymerase chain reaction, ADA; adenosine deaminase, IGRA; interferon
gamma release assay, TST; tuberculin skin test, CT; computed tomography, US; ultrasound, FDGPET; flurodeoxyglucose positron emission tomography, FOB; flexible bronchoscopy, EBUS-TBNA;
endobronchial ultrasound transbronchial nodal aspiration.
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7. Diagnostic Evaluation
The majority of cases of TB disease in advanced CKD develop following reactivation of LTBI rather
than a de novo exposure. Hence, a focused history around epidemiological risks or details of
previously treated TB are vitally important in evaluating patients with unexplained systemic
symptoms and/or abnormal imaging that could be consistent with TB disease. We have included a
simple flow diagram to assist clinicians in the screening of LTBI and when to consider
chemoprophylaxis (Figure 3). It is not possible to include all eventualities, but if in doubt, clinicians
should seek advice from colleagues familiar with TB, usually a respiratory or infectious diseases
physician.

Figure 3 Flow diagram on the assessment of latent TB infection in patients on dialysis
including those on transplant list. * WHO defines high incidence areas as > 40/100000
cases and includes SSA, ISC, China, Eastern Europe and parts of South America
In any patient developing a PUO, always consider TB in the differential diagnosis and
search for active disease. Only use chemoprophylaxis if active TB excluded. If in doubt,
consult a Chest or Infectious Diseases Physician specialising in TB. Abbreviations: ISC
Indian sub-Continent; SSA sub-Saharan Africa; PUO pyrexia of unknown origin; pa per
annum; CXR chest radiograph; aTB active tuberculosis; IgRA interferon gamma release
assay.
8. Choice of Anti-TB Medications and Dosing Regimens
All four cases benefited from rifamycin and isoniazid containing regimens. In transplant
recipients on immunosuppressive regimens as well as those with HIV co-infection on protease
inhibitors, rifabutin is generally preferred as it is a less potent inducer of the CYP3A4 pathway than
rifampicin [12, 13].
Three of the four cases described had a history of CAPD use. Although studies are few and
relative risk difficult to determine, case reports support a high rate of peritoneal TB amongst
Page 8/14

OBM Transplantation 2021; 5(1), doi:10.21926/obm.transplant.2101137

patients who use CAPD [14, 15]. The evidence base for managing TB infection in CAPD is limited. A
single study proposed that no dose adjustment is needed for isoniazid, rifampicin or pyrazinamide
[16]. TDM is, however, recommended in CAPD as demonstrated by the necessary dose adjustments
in Case 1. Pre-dose trough levels are measured to ensure adequate drug clearance and thus limit
the risk of toxicity, whilst post-dose levels taken at 2 and 4 hours can help to clarify that drug
concentration levels are within the therapeutic target range to treat TB disease. A low post-dose
level may indicate poor adherence to therapy or that the blood was taken at an inappropriate time
relative to the last dose, so it is important these are considered before a dose adjustment is made.
Table 2 lists the recommended therapeutic drug concentration levels for RHZE that we use at our
centre in managing patients with TB disease on CAPD.
Table 2 Target therapeutic drug levels of first–line drugs in peritoneal dialysis.
Dosing regimen

Trough#
(mg/L)

Post dose*
(mg/L)

Comments

Isoniazid

300mg daily¶

3-5

At 4hrs >10

Is dialysed, clearance
mainly hepatobiliary

Rifampicin

<50kg:
450mg <0.5
daily
≥ 50kg: 600mg
daily

At 4hrs:
<4 sub-therapeutic
4-8 usually adequate
8-24 ideal

Not dialysed,
clearance mainly
hepatobiliary

Pyrazinamide

25 – 30mg/kg
3x/week

20-40

Ethambutol

15 – 25 mg/kg
3x/week

<1.0

Not dialysed

2-6

Not dialysed

¶

Adults. Always include pyridoxine. # Trough levels should be taken 24 hours post – dose.
* Where available.
Adapted from BTS 2010 guidelines on management of TB in CKD 6.

Either ethambutol or moxifloxacin may be used as the fourth drug as part of first-line therapy in
CKD. Ethambutol is normally excreted unchanged by the kidneys but can accumulate and cause
dose-dependent ocular toxicity in renal failure [17]. It has improved efficacy when administered in
normal doses less often than in a reduced daily dose [18] and is recommended at between 15 - 25
mg/kg three times/week in those with CKD stages 4 and 5, including those on HD [19]. Amongst
transplant recipients with maintained graft function, as in Cases 2 and 3, the recommended dose is
15 mg/kg given daily. In view of the challenges of completing TDM in the clinic, our local policy is to
manage patients on CAPD and HD with moxifloxacin 400 mg daily as an alternative to ethambutol.

9. Lessons Learnt
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In our case series, Case 2 was given chemoprophylaxis post-transplant but this was withdrawn
after only eight days following a four-fold rise in her serum ALT. BTS guidance is to stop isoniazid if
the ALT/AST level rises to five times the ULN or if the bilirubin level rises, allow levels to normalise,
then re-introduce H at 50 mg/day, increasing sequentially by 50mg over several days thereafter to
the target dose [20]. Best practice would have been to either re-introduce low dose isoniazid, or
alternatively, to use rifampicin 10mg/kg for 4 - 6 months. Arguably, this may have prevented her
subsequent infection.
Case 3 was a Caucasian male, who had no known TB exposure or risk beyond that of being on
immunosuppressive medication and having CKD and diabetes. It is possible that a screening
programme including routine use of IGRA testing would have identified him as at risk of LTBI.
Cases 1 and 4, were dialysis dependent using CAPD and HD respectively and had not been
identified as at high risk of TB infection and screened for LTBI. Both patients were, however, of subSaharan African origin and a focused history of their risk of TB infection would have revealed
epidemiological risk factors and, in Case 1, prior contact and symptoms of active disease.
In 3 of the 4 cases, a history of contact and a completed course of TB chemoprophylaxis would
have contributed to possible prevention of subsequent TB disease. In addition, an IGRA test could
have added evidence of LTBI in Case 3 who had no known epidemiological risks. This would have
enabled chemoprophylaxis before transplant after first ensuring that active disease was not present.
Although tissue samples and IGRA testing were negative in Case 4, the patient originated from subSaharan Africa, had a pyrexia and weight loss, other possible diagnoses had been excluded and she
responded well to treatment for TB. It is not unusual to have difficulty confirming a diagnosis of
active TB in CKD and following transplantation due to the mixed underlying immunodeficiency as
discussed above. This case, however, underlines the importance of remaining aware of TB as a
potential cause of fever and weight loss, especially in patients of African and Asian origin.
10. Role of Screening in Preventing TB Infection in CKD Stages 4 and 5
The increased risk of TB in CKD is at least in part related to immunodeficiency which is
multifactorial. Changes in immunity begin as early as stage 3 CKD and deteriorate in later stages as
kidney function worsens and waste products accumulate [21]. Advanced CKD is associated with
disturbances of both the innate and adaptive immune systems. Pro-inflammatory cytokines
accumulate in part as a consequence of decreased renal elimination and there is increased
generation of uraemic toxins and oxidative stress [21]. Within the adaptive immune system, a
variety of immune related cells demonstrate impaired function, not least evidenced by the reduced
effectiveness of the tuberculin skin test to diagnose LTBI in many patients.
Since the BTS Guidelines were published in 2010, the widespread use of chemoprophylaxis
(usually with six months of isoniazid with pyridoxine) in high-risk transplant recipients has, in all
likelihood, helped reduce the rate of TB infection and disease within this cohort of patients. An audit
completed at our own centre, found that out of 912 patients who underwent renal transplantation
between 2011 – 2014, 88% correctly received isoniazid prophylaxis according to Hospital guidelines
and, during this time, only one patient developed TB post-transplant (Case 2) [22]. However, the
evidence base for the use of chemoprophylaxis in solid organ transplantation is limited and a
Cochrane review [23] on this subject identified only three eligible randomised control studies that
were suitable for inclusion. Amongst a total of 558 kidney transplant recipients randomised to
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receive either anti-TB prophylaxis (isoniazid) or no chemoprophylaxis, participants who received
anti-TB prophylaxis were 65% less likely to develop TB: RR 0.35, 95% CI 0.14 to 0.89. These studies
were however based in areas with high TB incidence (India and Pakistan) and therefore may be less
applicable in areas where TB prevalence is low. The studies also recorded high rates of liver
dysfunction among those who received anti-TB prophylaxis although this seems likely to have been
related to high rates of co-infection with hepatitis B and C viruses.
The role of TB screening programmes in patients with advanced stage CKD remains controversial.
Historically, the case against screening all patients on renal transplant lists has been that not all will
proceed to transplantation and be exposed to immunosuppressive medication. Such an approach,
however, neglects the increased RR of TB infection and disease associated with HD and CAPD. While
some evidence was based on expert opinion at the time, the 2010 BTS Guidelines advocate that all
patients with CKD at risk of TB should be screened with a focused history, clinical examination, a
chest radiograph and if appropriate an IGRA test (Figure 3). Since the publication of these guidelines,
there have been further publications on the use of screening in this population [24]. Indeed, a
recently published account of our own experience between 1994 – 2010 found that, compared with
background London TB rates, the risk of developing TB disease was significantly higher [7], further
supporting the case for screening appropriate patients on RRT.
The widespread use of chemoprophylaxis in high-risk individuals undergoing renal
transplantation has been successful in reducing rates of TB infection post-transplant. With
accumulating evidence for increased risks in patients on RRT, however, it is now time to consider
extending those benefits to patients with advanced CKD through effective and dedicated screening
programmes.
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Renal replacement therapy
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