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Abstract  
Background: Tuberculosis remains a major challenge in transplantation particularly in 

endemic countries. This study aims to describe the incidence, clinical presentation and 

outcomes of tuberculosis in paediatric kidney transplant recipients and to assess the impact of 

Isoniazid prophylaxis. Methods: Single-centre retrospective descriptive analysis of children 

who received kidney transplants from 1995-2019. The cohort was stratified according to 

receipt of isoniazid prophylaxis which began in 2005. Results: 212 children received a kidney 

transplant during the study period. Median age at transplantation was 11.2 years (IQR: 2.2 – 

17.9) and 56% were males. Tuberculosis was diagnosed in 20 (9%) children, with almost two 

thirds (n=12) occurring within the first year. Most infections were pulmonary. The main 

presenting symptoms included fever (n=13/20), weight loss (n=12/20) and cough (n=10/20). 

Tuberculin skin test was positive in four of 20 children. Coinfection with Ebstein Barr virus, 

Cytomegalovirus or Staphylococcus was found in five children. Due to drug interactions, an 

up to three fold increase in calcineurin inhibitor dose was required to maintain therapeutic 

blood levels. Isoniazid prophylaxis was protective against development of tuberculosis 

(p=0.04). Gender, age and type of allograft were not significant risk factors. Graft and patient 

survival were 100% upon completion of TB treatment Conclusion: Kidney transplant 

recipients in endemic countries have a high risk of developing tuberculosis. Diagnosis 

remains a challenge. Frequent and meticulous monitoring of immunosuppression drug levels 

during treatment of TB is required to avoid loss of patient or graft. Isoniazid prophylaxis 

protects against development of TB in this population.  
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Chapter 1: INTRODUCTION  

1.1 Context  
Tuberculosis (TB) is a highly communicable disease and is the leading cause of death from a 

single infectious agent globally 1 after SARS-COV2 infection . It is estimated that 10.0 

million (range, 9.0–11.1 million) people globally fell ill with TB in 2018 1. The highest TB 

incidence rates in the world occur in sub-Saharan Africa. South Africa is among the top 20 

countries in the world with a high burden of TB 2. The World Health Organisation (WHO) 

2019 statistics give an estimated incidence in South Africa of 615 per 100 000 population 2. 

With such a global burden of TB, sustainable development goal (SDG)3 target 3.3, explicitly 

states that efforts should be made to end the epidemics of TB and other communicable 

diseases by 2030 3.  

Mycobacteria tuberculosis, the bacteria that causes TB, is spread from person to person via 

droplets. It commonly affects the lungs, although it can spread to become multisystemic with 

a myriad of presentations depending on the organ involved. Diagnosis is made by a 

suggestive history (cough, weight loss, night sweats, contact), examination 

(lymphadenopathy, wasting, and pleural effusion) and the presence of acid-fast-bacilli (AFB) 

on sputum microscopy or other specimens or detection using geneXpert technology. Clinical 

investigations of childhood TB are however hampered by the paucibacillary nature of the 

disease and the difficulties in obtaining specimens. Molecular technology such as the 

geneXpert MTB/RIF improves TB diagnosis in the paediatric population, and increases the 

diagnosis of bacteriologically confirmed TB two-fold compared to microscopy 4.  

The incidence, clinical manifestations, and optimal investigations for TB specifically in the  

post-transplant population have not yet been adequately studied. Globally, the median time of 

onset of TB is estimated at nine months post transplantation5, with an incidence estimated to 

be 20 to 70 times higher than that in the general population, and a mortality rate of up to 30% 

6. Immunosuppression exacerbates the risk and clinical course of the disease. Classical 

manifestations of TB including cough, haemoptysis, and shortness of breath are nonspecific7. 

TB presents diagnostic challenges due to its atypical presentation in this subgroup of patients. 

Co-infection with other organisms such as cytomegalovirus (CMV) has been reported in 

about 19% of TB cases 8. Management of TB post-transplant is complicated by greater 

toxicity of treatment and important drug interactions with immunosuppressive medications9.  
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Few studies have been conducted on tuberculosis in the paediatric population after kidney 

transplant 10. A previous study from our centre conducted between 1996 – 2004 found a TB  

incidence of 9.7% (7/72) in children post-kidney transplant 11. TB prophylaxis was not being 

used routinely during this time. All cases were successfully treated with meticulous 

monitoring of immunosuppression drug levels, with no loss of patient or graft. Results of this 

study led to a change in policy in the Western Cape where all children now receive daily 

isoniazid prophylactically after kidney transplantation to prevent TB infection.  

 

Important gaps therefore remain in our understanding of the burden of TB in children with 

kidney transplants: 

1. Clinical risk factors associated with TB infection in our setting must be determined as 

INH prophylaxis alone does not prevent all infections. 

2. Clinical presentation of TB in the paediatric transplant population and utility of 

various new diagnostic possibilities must be understood to improve diagnosis.  

3. The complications (clinical, medication interactions, outcomes) of TB in children 

with kidney transplants must be better described. 

4. More studies are required to identify preferred treatment modalities which minimize 

drug-drug interactions and reduce risk of graft loss.    

5. Evaluation of the impact of routine INH prophylaxis on TB incidence and outcomes 

in our centre has not yet been conducted. 

6. There is no clarity on the duration of INH prophylaxis in the paediatric post-transplant 

population, especially when the background infection risk remains high, and re-

initiation of INH during episodes of high risk such as treatment of rejection.  

  

 

 

Given the high prevalence of TB in our setting, the recent change in practice regarding INH 

prophylaxis, and the paucity of data from paediatric transplant centres in low and middle 

income countries, we conducted a retrospective review of tuberculosis in recipients of kidney 

transplants at out centre to determine the incidence and factors associated with TB infection 

in paediatric kidney transplant recipients.  
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1.2 Ethical considerations 

This study complied with the ethical guidelines and principles of the Helsinki Declaration 

of 2008, South African Guidelines for Good Clinical Practice and the Medical Research 

Council (MRC) Ethical Guidelines for Research and was approved by the Humah 

Research Ethics committee of the University of Cape Town ( Ref 463/2020). 

Medical records of all children below 18 years of age, who received kidney transplants were 

retrieved. To protect study participant privacy and confidentiality, patient names were used to 

access files but only study numbers were used on the electronic database. De-identified data 

was extracted into a case report form and imported  into Excel. Data entry was re-checked by 

an independent investigator. A data key list including patient identification and study 

numbers was stored separately from the de-identified data set and was accessible exclusively 

to the Principle Investigator. All paper records were stored in a locked cupboard until data 

entry and study completion, after which paper records were destroyed. Electronic data were 

stored on a password protected computer, only accessible to the research team. 

1.3 Authors guidelines  

Pediatric Transplantation (PETR) is the official journal of the International Pediatric 

Transplant Association (IPTA). PETR seeks to provide its readership with literature of the 

highest quality and impact through a process of careful peer review and editorial comment. 

All papers, including those invited by the Editorial Board, are subject to peer review (see 

appendix 2). 
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ABSTRACT  
Background: Tuberculosis remains a major challenge in transplantation particularly in 

endemic countries. This study aims to describe the incidence, clinical presentation and 

outcomes of tuberculosis in paediatric kidney transplant recipients and to assess the impact of 

Isoniazid prophylaxis. 

Methods: Single-centre retrospective descriptive analysis of children who received kidney 

transplants from 1995-2019. The cohort was stratified according to receipt of isoniazid 

prophylaxis which began in 2005.  

Results: 212 children received a kidney transplant during the study period. Median age at 

transplantation was 11.2 years (IQR: 2.2 – 17.9) and 56% were males. Tuberculosis was 

diagnosed in 20 (9%) children, with almost two thirds (n=12) occurring within the first year 

post-transplant. The main presenting symptoms included fever (n=13/20), weight loss 

(n=12/20) and cough (n=10/20). Tuberculin skin test was positive in four of 20 children. 

Coinfection with Ebstein Barr virus, Cytomegalovirus or Staphylococcus was found in five 

children. Due to drug interactions, an up to three fold increase in calcineurin inhibitor dose 

was required to maintain therapeutic blood levels. Isoniazid prophylaxis was protective 

against development of tuberculosis (p=0.04). Gender, age and type of allograft were not 

significant risk factors for developing tuberculosis. All the tuberculosis infections were 

successfully treated. Graft and patient survival was 100% when assessed one month after 

completion of TB treatment  

Conclusion: Kidney transplant recipients in endemic countries have a high risk of developing 

tuberculosis. Diagnosis remains a challenge. Frequent and meticulous monitoring of 

immunosuppression drug levels during treatment of TB is required to avoid loss of patient or 

graft. Isoniazid prophylaxis protects against development of TB in this population. 
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Tuberculosis, kidney, transplant, allograft, infection, Isoniazid prophylaxis 
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INTRODUCTION   
Tuberculosis (TB) is a highly communicable disease and is the leading global cause of death 

from a single infectious agent after SARS-COV2 infection1. It is estimated that 10.0 million 

(range, 9.0–11.1 million) people globally fell ill with TB in 2018 1. The highest TB incidence 

rates in the world occur in sub-Saharan Africa. South Africa is among the top 20 countries in 

the world with a high burden of TB 2. The World Health Organisation (WHO) 2019 statistics 

give an estimated incidence in South Africa of 615 per 100 000 population 2.  

Mycobacteria tuberculosis, the bacteria that causes TB, is transmitted from person to person 

via droplet spread. It commonly affects the lungs; although it can be multisystemic with a 

myriad of presentations, depending on the organ involved. Diagnosis is made by a suggestive 
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history (cough, weight loss, night sweats, and contact), examination (lymphadenopathy, 

wasting, and pleural effusion) and/or the presence of acid-fast-bacilli (AFB) on sputum 

microscopy, gastric washings or other specimens; or detection using GeneXpert technology. 

Clinical investigation of childhood TB is hampered by the paucibacillary nature of the 

disease and the difficulties in obtaining specimens. Molecular technology such as GeneXpert 

MTB/RIF improves TB diagnosis within the paediatric population, and increases the 

diagnosis of bacteriologically confirmed TB two-fold compared to microscopy 4. First-line 

treatment of TB involves use of a standard combination of drugs (Isoniazid, Ethambutol, 

Pyrazinamide and Rifampicin) given over a prolonged period. The incidence, clinical 

manifestations, and optimal investigations for TB specifically in the paediatric post-transplant 

population have not been adequately studied. Globally, the median time of onset of TB post 

transplantation is estimated at nine months5, with an incidence estimated to be 20 to 70 times 

higher than that in the general population. Immunosuppression exacerbates the risk and 

complicates the clinical course of the disease.  

TB presents diagnostic challenges due to its atypical presentation in the transplant population. 

Classical manifestations of TB including cough, haemoptysis, and shortness of breath are 

nonspecific6. In addition, co-infection with other organisms such as cytomegalovirus (CMV) 

has been reported in about 19% of TB cases 7. Management of TB post-transplant is 

complicated by greater toxicity of treatment and important drug interactions with 

immunosuppressive medications8. There is variability in dose and duration of treatment 

regimens used in different centres6. Randomized controlled studies are lacking. Isoniazid 

(INH) prophylaxis has been used to prevent post-transplant TB in endemic areas without 

significant adverse effects 9,10. 

Few studies have been conducted on TB in the paediatric population after kidney transplant 

11. A previous study from our centre conducted between 1996 – 2004 found a TB  incidence 

of 9.7% (7/72) in children post-kidney transplant 12. TB prophylaxis was not routinely used 

during this time. All patients were successfully treated, with meticulous monitoring of 

immunosuppression drug levels, with no loss of patient or graft. Results of this study led to a 

change in policy in the Western Cape where all children now receive daily isoniazid 

prophylactically for at least a year after kidney transplantation to prevent TB infection.  

 

Given the high prevalence of TB in our setting, the recent change in practice regarding INH 

prophylaxis, and the paucity of data from paediatric transplant centres in low and middle 
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income countries, we conducted a retrospective review of tuberculosis in recipients of kidney 

transplants at out centre, to answer the following questions : 

1. Describe the clinical presentation of TB and the utility of new diagnostic tools. 

2. Determine clinical risk factors associated with TB infection, in the paediatric kidney 

transplant population.  

3. Describe the outcomes and complications (clinical, medication interactions, 

outcomes) of TB infection in the paediatric kidney transplant population and 

strategies to minimize drug-drug interactions and reduce the risk of graft loss.  

4. Evaluate the impact of routine INH prophylaxis on TB incidence and outcomes, 

consider duration of therapy and use during higher-risk times such as treatment or 

rejection. 

 

 

PATIENTS AND METHODS 
The study was conducted at Red Cross War Memorial Children`s Hospital (RCWMCH), 

located in Cape Town, Western Cape Province, South Africa. RCWMCH is a tertiary stand-

alone children’s hospital providing highly sub-specialised paediatric care, including 

paediatric nephrology, to a broad catchment area. Children from all nine provinces of South 

Africa and from all over Africa are referred to the Hospital by outside hospitals and clinics. 

Clinical approach at RCWMCH 

Diagnosis of tuberculosis 

TB was classified according to WHO definitions outlined in Guidance for national 

tuberculosis programmes on the management of tuberculosis in children (Second 

edition)13: 

Tb contact – A close contact is defined as living in the same household or in frequent contact 

with a source case with sputum smear- positive TB.  

Presumptive TB - a patient who presents with symptoms or signs suggestive of TB 

(previously known as a TB suspect).  

A bacteriologically confirmed TB cases - one from whom a biological specimen is positive 

by smear microscopy, culture or WHO-approved rapid diagnostics (such as GeneXpert 

MTB/RIF). 
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A clinically diagnosed TB case - is one which does not fulfil the criteria for bacteriological 

confirmation but which has been diagnosed with active TB by a clinician or other medical 

practitioner who has decided to give the patient a full course of TB treatment. This definition 

includes cases diagnosed on the basis of X-ray abnormalities or suggestive histology and 

extrapulmonary cases without laboratory confirmation. 

Pulmonary TB (PTB) - any bacteriologically confirmed or clinically diagnosed case of TB 

involving the lung parenchyma or the tracheobronchial tree. 

Extrapulmonary TB (EPTB) - any bacteriologically confirmed or clinically diagnosed case 

of TB involving organs other than the lungs, e.g. pleura, lymph nodes, abdomen, 

genitourinary tract, skin, joints and bones, meninges. 

 

Routine pre-transplant screening and prophylaxis regimen  

Pre-transplant workup in recipients at our centre includes routine TB screening which 

includes history of symptoms and TB contact or previous TB, skin testing (TST), gastric 

washings or induced sputum for AFB and chest X-ray. If screening is positive, TB treatment 

is initiated and transplantation delayed. A positive TST is defined as an induration of ≥10mm, 

or ≥5mm in those with severe acute malnutrition. Living related donors are routinely 

screened for TB using chest X-rays and induced sputum for AFB. In our setting, tuberculin 

skin test (TST) is used to identify latent TB (LTB) since interferon gamma release assay 

(IGRA) is too costly. Since 2005 routine INH prophylaxis has been administered to each 

child for at least 1 year post kidney transplant. INH is administered for longer durations in 

those who stay in communities with very high TB burden. Routine re-initiation of INH   

during periods of intensified immunosuppression was also started in 2005. In South Africa 

Bacille Calmette-Guerin (BCG) vaccination is given at birth or at first health care contact in 

the first year of life. No repeat doses are given 

Study methods 
Retrospective descriptive analysis of TB infections in paediatric kidney transplant recipients 

at RCWMCH. This study complied with the ethical guidelines and principles of the Helsinki 

Declaration of 2008, South African Guidelines for Good Clinical Practice and the Medical 

Research Council (MRC) Ethical Guidelines for Research and was approved by the Humah 

Research Ethics committee of the University of Cape Town ( Ref 463/2020). 
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Data collection 
Medical records of all children below 18 years of age who received kidney transplants were 

retrieved.  All post kidney transplant patients who were followed up between 1995 and 2019 

and who had a diagnosis of TB, were included in the study. Patients who had TB infection 

were identified from the Clinicom ICD coding, kidney transplant database and pharmacy 

anti-TB medication registry. To protect study subject privacy and confidentiality, patient 

names were used to access files but only study numbers were used on the electronic database. 

De-identified data was extracted into a case report form and imported into Excel. Data entry 

was re-checked by an independent investigator. A data key list including patient 

identification and study numbers was stored separately from the de-identified data set and 

was accessible exclusively to the Principle Investigator. All paper records were stored in a 

locked cupboard until data entry and study completion, after which paper records were 

destroyed. Electronic data were stored on a password protected computer, only accessible to 

the research team. 

Demographic information, TB diagnosis and treatment outcomes were recorded. Transplant 

data included date of transplant and period between transplant and diagnosis of TB, 

indication for transplant, type of transplant – living related donor or cadaveric donor, 

immunosuppression used, presence or absence of rejection at TB diagnosis and calcineurin 

dose at time of TB diagnosis and highest dose used during TB treatment. Blood culture to 

detect bacteraemia was done and viral loads for Ebstein Barr Virus (EBV) and 

Cytomegalovirus (CMV) were assessed. 

Statistical analysis 
Statistical Package for Social Sciences (SPSS) was used for statistical analysis. Data were 

tested for normality using Shapiro Wilks W test. Normally distributed data was presented as 

means (standard deviations and range) and non parametric data as medians (interquartile 

range or range). Continuous data was compared using t-tests for independent samples or 

Mann Whitney U tests for nonparametric data. Categorical variables were compared using 

Chi square tests (or corrected chi-square where cell variables are <10). Categorical data was 

expressed as percentages or proportions with 95% confidence intervals. A significance level 

of p <0.05 was used. Risk factors for TB such as gender, residence, type of transplant (living 

related/cadaveric), INH prophylaxis use and years after transplant were analyzed. The crude 
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odds ratios was adjusted for some measures of effects by fitting the significant and variables 

of interest into logistic regression models. 

 

RESULTS  
A total of 212 children ( including 72 children reported previously12) received a kidney 

transplant between 1995 and 2019.  Males constituted 56.1 % (n=119). The median age at 

transplantation was 11.2 years (IQR: 2.2 – 17.9) and 44% (n=94) were aged between 10 and 

14 years. The majority of the patients were from the Western Cape Province followed by the 

Eastern Cape Province (Table 1). Only two were from outside South Africa. Of the 212 

transplant recipients, 142 (67%) received cadaveric donor allografts. The three leading 

known causes of end stage kidney disease were nephrotic syndrome (19% n=41), kidney 

dysplasia (15% n=31) and glomerulonephritis (12% n=26) (Table 1). All children had 

received BCG vaccination at birth. 

Demographics of children with TB. 

Twenty (9%) children were diagnosed with tuberculosis (including 7 children from the 

previous study12), of which 2 were de novo Rifampicin resistant TB infections. The causes of 

end stage kidney failure among children who were diagnosed with TB infection included 

posterior urethral valves (PUV), glomerulonephritis, polycystic kidney disease (PCKD), 

Alports syndrome, kidney dysplasia, vasculitis, nephrotic syndrome and bilateral 

nephroblastoma. No patient had a history of previous TB treatment. Fourteen (70%) children 

were males. Age at transplantation ranged from 5 to 15.9 years.  TB was diagnosed during 

the first 2 years post-transplant in 14 children (70%), with 12(60 %) of these being diagnosed 

in the first year (Fig 1). The median interval between kidney transplantation and TB 

diagnosis was 2.8 years (IQR 0.9 to 4.3 yrs.). Thirteen (65%) children diagnosed with TB had 

received a living related allograft. No demographic factors were associated with the risk of 

TB infection as outlined in Table 1. 

 

Diagnosis of TB. 

Tuberculin skin test was performed in all cases and was positive in 4 (20%) (Table 2). TB 

was confirmed bacteriologically in 12 (60%) children (positive TB culture from sputum in 2, 

gastric aspirates in 3, bronchoalveolar lavage in 1, tissue from the kidney in 4, lung in 1 and 



20 
 

tonsils in 1). The remaining 8 children were diagnosed clinically – 4 had a positive TB 

contact and a positive TST, 2 had a positive TST but no TB contact, and 2 had no TB 

contacts but a suggestive chest X-ray. All children treated empirically on the basis of a 

clinical diagnosis had marked improvement of symptoms after receiving TB treatment 

consistent with a correct diagnosis. A rise in Ebstein Barr Virus (EBV) viral load was 

observed in 3 children, Cytomegalovirus (CMV) in 2 children and Staphylococcus was 

isolated in a further 2 children (Table 2).   

 

Symptoms of TB.

The main reported symptoms at presentation were fever (n=13, 65%), weight loss (n=12, 

60%) and cough (n=10, 50%) (Table 2). Pericardial effusions were present in 2 children 

(10%) and 3 children (15%) had sterile pyuria. A history of a TB contact was elicited in 6 

(30%) children.   

 

Pulmonary TB was the commonest site of infection with abnormalities suggestive of TB 

being present on chest radiography in 16 (80%) children (Table 2). Graft dysfunction had 

occurred within 3 months prior to the TB diagnosis in 15 (75%) children, all of whom 

underwent kidney biopsy. Acute rejection was confirmed in 9 of these 15 children (Table 2). 

Immunosuppression was intensified with pulsed intravenous steroids in 8 (40%) of these 

patients within 3 months preceding the diagnosis of TB. Three of these 8 children had 

received routine INH prophylaxis, 5 had not. Of the 3 children who developed TB infection 

in the era after introduction of INH prophylaxis, 2 developed the infection during the first 

year of transplantation while still receiving INH prophylaxis. In the third child TB occurred 3 

years post transplant and this child received INH prophylaxis when immunosuppression was 

intensified. Among those who underwent kidney biopsy, TB foci were observed in the graft 

kidney in 3 children, 2 of whom also had lung involvement (Table 3). All children with TB 

isolated in the graft had graft dysfunction but only one had concomitant acute rejection.  

TB was also found on histology of the native kidney in 1 child with end stage kidney disease 

secondary to posterior urethral valves who required a nephrectomy at the time of 

transplantation to make room for the graft kidney. This child had a negative TST and clear 

chest x-ray on transplant work up. There was no history of TB contact or previous TB 

treatment in this child.  
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TB treatment and outcomes. 

All patients, at the time of TB diagnosis, were receiving immunosuppression comprising a 

calcineurin inhibitor (Cyclosporine/CSA or Tacrolimus/FK), prednisolone and an 

antiproliferative agent (Rapamycin/RAPA, Mycophenolate mofetil/MMF or 

Azathioprine/Aza) (Table 2).  

TB in transplant recipients is treated using the same protocol as for the general population 14.  

The standard treatment includes a 2 month initiation phase and a 4 month continuation phase. 

Those with genitourinary TB receive 2 months initiation and 7 months continuation. The 

specific drugs used depend on age and presence of extrapulmonary TB. During the 2 month 

initiation phase of TB treatment 10 patients (i.e. ≥8 years of age and those with 

extrapulmonary TB) received 4-drug combination therapy including isoniazid, rifampicin, 

ethambutol, and pyrazinamide, while eight (i.e. below 8 years of age) received a 3 drug 

combination of INH, rifampicin and pyrazinamide as per national TB treatment guidelines.  

In the 2 patients with drug resistant TB, one received moxifloxacin and the other ofloxacin in 

place of rifampicin. During the 4 or 7 month continuation phase all patients without drug 

resistant TB received INH and rifampicin. No patient developed hepatotoxicity. Due to drug 

interactions, an increase in the dose of calcineurin inhibitor was anticipated and needed in all 

patients. An up to three fold increase in cyclosporine or tacrolimus dose was required to 

maintain therapeutic blood levels.  At the end of treatment, recovery from TB infection was 

achieved in all cases. Graft and patient survival was 100% when assessed one month after 

completion of TB treatment. 

 

Impact of isoniazid prophylaxis. 

Of the 129 children who received INH prophylaxis 8 (6.2%) developed TB compared with 12 

of 83 (14.5%) patients who received no prophylaxis (Table 1). INH was protective against 

development of TB overall (p=0.04). INH prophylaxis was associated with fewer infections 

within the first year of transplantation although this was not statistically significant (p = 0.3) 

(Table 4). The introduction of INH prophylaxis during periods of immunosuppression 

intensification resulted in a reduction of TB during these periods from 6% of all TB 

infections pre-INH era to 2% post universal INH prophylaxis (table 4). Drug resistance 

against INH was not identified.  

 

Comparison of TB incidence before and after universal INH prophylaxis.  
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Subsequent to the prior study of TB in kidney transplant recipients at our centre12 INH is 

given universally for at least 1 year post transplant to prevent TB infection. A total of 72 

transplant recipients were included in the first study 12 and a further 11 received kidney 

transplants before the roll out of universal INH after the study (n = 83). The incidence of TB 

since initiation of universal INH prophylaxis decreased significantly from 14.5% to 6.2% 

(p=0.04). In addition, the time to TB diagnosis shifted from 75% of cases occurring within 

the first year of transplantation before INH prophylaxis to 37.5% occurring within the first 

year since INH prophylaxis was instituted. The main presenting symptoms remain fever, 

cough and weight loss, and majority still have pulmonary TB.  

 

DISCUSSION  
TB was diagnosed in almost 1 in 10 paediatric kidney transplant recipients between 1995 and 

2019 at our centre. During this time, institution of universal INH prophylaxis, instituted in 

2005 led to a reduction in the incidence of post-transplant TB. Overall the majority of TB 

infections were diagnosed within the first year after transplant, although this shifted to 

beyond the first year after institution of universal INH prophylaxis. The most frequent 

symptoms on TB infection at presentation were fever, cough and weight loss. Pulmonary TB 

was the most frequent site of infection. TST was not sensitive in identifying patients with TB. 

Age, sex and type of donor allograft were not associated with development of TB. During 

treatment of TB an up to 3 fold increase in calcineurin inhibitor dose was required in order to 

maintain therapeutic levels. Although graft dysfunction was present in 75% of patients at 

presentation, graft and patient survival was 100% one month after completion of treatment. 

Incidence of post-transplant TB is directly associated with the incidence in the general 

population. It is as low as 0.35% - 1.2% in USA were there are 2.7 TB cases per 100 000 

population 15 and as high as 5% to 15% in India were there are 199 TB cases per 100 000 

population 16. The high proportion (9.4%) of renal transplant recipients who developed TB 

over the 25 years in our study reflects the high burden of TB in our country2. Furthermore, 

our centre is in the Western Cape province where a third of all TB cases in South African 

children during the 2018/2019 period originated 2, thus making our patients a high risk 

population. 

 

As reported by others, most TB infections developed before the end of the 
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second year post transplantation 5,7,17. The common assumption is that TB infection follows 

reactivation of old foci, enhanced by immunosuppressive therapy, although whether this 

holds true in children is less certain 18–20. The high risk of TB infection in the first year post 

transplant is however likely exacerbated by the high levels of immunosuppression required 

during this period when the risk of rejection is highest.  

Receipt of a deceased donor graft has been independently associated with an increased risk 

for developing TB following liver or kidney transplantation 21. It has been postulated that 

stronger immunosuppression used in recipients of organs from deceased donors, when 

compared to living related donors, may lead to higher rates of donor-derived transmission of 

TB. In contrast, we found no association between receipt of a deceased donor graft and 

increased risk of post-transplant TB, possibly because we use the same immunosuppressive 

protocol for all kidney recipients. Age and gender have not been described as risk factors for 

TB in kidney transplant recipients in other studies 7,21.  

 

Immunosuppression increases risk of TB 22. As in our study, Hall et al. found that 

intensification of steroid for treatment of rejection preceded development of TB in a third of 

patients 23. A study comparing development of TB post kidney transplant on CSA/Aza/Pred 

and other combinations of immunosuppressants found that immunosuppression with one or 

both of Tacrolimus and MMF was associated with the development of TB at a younger age 

and at a higher frequency during the first 6 months after transplantation when compared with 

CSA/Aza/Pred 24. This increased risk may be related to the higher potency of 

immunosuppression with these drugs. Consistent with this, the majority (n=13: 65%) of those 

who developed TB in our study were on regimens containing Tacrolimus or MMF. 

 

The clinical features of TB can be atypical and may be masked by the blunted response to 

infection due to immunosuppression. Fever was the most common symptom. This finding is 

in agreement with other studies which showed fever in 64-93% of cases 5,7,18,25. These studies 

also showed, as did we, that other common presenting symptoms included weight loss and 

cough. TB should be suspected in all solid organ transplant recipients with fever of unknown 

origin 25.  

 

Diagnosis of TB post transplantation remains a challenge. After transplantation, TST testing 

has a low utility 25. TST has been found to have a sensitivity of 50%, positive predictive 

value of 5%, and a specificity of 52% for post-transplant TB 26, whereas in our study TST 
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showed an even lower sensitivity of 20%. Interferon gamma release assays (IGRA) have been 

shown to be more sensitive and specific than TST with regard to the diagnosis of LTB in the 

transplant candidates, but we did not have access to this and could not asses the utility on our 

setting 27.  The World Health Organization (WHO) also recommends chest X-ray as a 

screening tool and diagnostic aid for TB 28.  In the lung, radiographic findings may vary 

among focal or diffuse interstitial infiltrates, nodules, pleural effusion, or cavitary lesions. 

The majority (80%) of children diagnosed with TB  in our study had chest X-rays suggestive 

of active TB which is consistent with other reports 22.  

 

Another factor that makes diagnosis of TB in transplant recipients difficult, is its frequent 

association with other infections, reported to occur in up to a fifth of cases 17. We found a 

high co-infection rate of 25%. These co-infections not only make the diagnosis of TB 

difficult but also increase the risk of acquiring TB. CMV was found to independently 

increase the risk for developing post- renal transplant TB by 2.25 fold 29.  Patients suffering 

from other opportunistic infections concomitant with TB have a higher risk of mortality, 

compared with patients without this complication 18.  

 

Pulmonary TB was observed in 75% of children in our study, and is the most common form 

of TB described in kidney transplant recipients. Genitourinary TB occurring after kidney 

transplantation is uncommon 22.  Three of our recipients had infection localised to the 

allograft. None of them presented with symptoms specific to the genitourinary system, since 

these are more likely to be found in immunocompetent patients 2230. The occurrence of TB 

localized to the graft with absence of any pulmonary involvement suggests donor derived 

transmission, highlighting that despite our careful attempts to exclude TB in kidney donors,  

where the background prevalence is high it is very difficult  to completely exclude TB in the 

kidney of a donor.  Similarly, we report on a patient where TB was isolated on the native 

kidney after routine nephrectomy but was asymptomatic. TB can also not be completely 

excluded during recipient work-up.  

 

The treatment of TB in kidney transplant recipients should be the same as in the general 

population 20,22. However rifampicin increases catabolism of corticosteroids and calcineurin 

inhibitors, making it difficult to maintain therapeutic levels despite massive dose increases. 

We and others have shown that higher doses of calcineurin inhibitors are required during TB 

treatment, making close monitoring of drug levels crucial in order to avoid acute graft 
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rejection 31,32. In settings such as ours, the higher doses required to maintain therapeutic drug 

levels have cost implications in terms of medications, more frequent drug level monitoring 

and more frequent hospital visits. Acute rejection during TB treatment was not observed in 

our study while other  studies have shown acute rejection of up to 30% during TB treatment , 

which may be due to medication interactions but also possibly to inability of some patients to 

sustain the associated additional costs20. Hepatotoxicity, although not observed in our study, 

is another complication that occurs during TB treatment due to interaction of INH and 

immunosuppressive drugs 20,22. Vigilant follow-up is therefore required in patients with TB 

post-transplant. 

 

Prevention of TB post-transplant is an area of great interest. INH has been shown to be up to 

60% to 90% effective in preventing latent TB infection from progressing to clinically 

apparent disease in immunocompetent individuals 33,34 and also in people living with HIV 35. 

Given the difficulties in diagnosing and treating established TB infection in the 

immunocompromised transplant recipient, together with the high risk of graft dysfunction it 

poses, there is interest in similar chemoprophylaxis regimens in this population. Prophylaxis 

against TB in transplant recipients is still controversial and deserves further investigation. 

Some observational studies have reported benefit 36,37 while others did not find any benefit 

from chemoprophylaxis in kidney transplant recipients 38,39.   

A meta-analysis of studies carried out in India and Pakistan, including 771 patients, did find 

that the relative risk of TB infection was significantly reduced with INH prophylaxis in 

kidney transplant recipients (4 studies, 771 patients, RR 0.31, 95% CI 0.19–0.51) 9. Other 

studies also point to a benefit in preventing post-transplant TB in endemic areas without 

significant adverse effects 9,10. We observed a reduction in clinical TB infection and a marked 

decrease in TB diagnosis during the first year post transplant (Table 4)  

 

Indications for prophylaxis in some centres include a history of TB contact before 

transplantation, patients who have been newly infected with M. tuberculosis (i.e., those with a 

recent TST conversion), and recipients of transplants from donors with a history of untreated 

TB 5. However in TB endemic regions like ours where resources are limited, a balance of the 

cost of providing INH prophylaxis against the extra cost of maintaining immunosuppression 

in a recipient needing to take rifampicin for treatment of active TB is of paramount 

importance. This is exemplified by Pakistan were the average cost of immunosuppression and 
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drug monitoring in a patient without TB is 2000 US$ annually, which becomes 5000 US$ 

annually for a renal transplant recipient who has developed TB 40.  

The debate on when to initiate INH prophylaxis, i.e. before or after transplantation is also still 

ongoing. Some recommend starting INH pre-transplant since the patient on dialysis already 

has a degree of immunosuppression 41.  

The duration of INH prophylaxis also varies. The European Best Practice Guidelines for 

Renal Transplantation 42 and the American Society of Transplantation 41 recommend a 9-

month course. Some randomized controlled studies used a 1 year course 9.More research is 

required on the ideal duration of INH prophylaxis in endemic areas such as ours in order to 

standardize management.  

 

The mortality rate among patients with solid organ transplants and TB may reach 30% in 

both adults and children 25 with a similar rate of graft loss 5. Factors associated with mortality 

in these patients are graft rejection, receipt of steroid therapy, antilymphocyte antibody 

treatment, and presence of other opportunistic infection concomitant with TB 25. Graft loss is 

attributed to chronic rejection in most of these patients 5.  

We did not observe any short-term graft loss or mortality, however the long term graft and 

patient survival was not evaluated. Meticulous monitoring of drug levels probably resulted in 

the good graft and patient survival, over the short-term.  

 

Our study has several strengths and some limitations. The retrospective nature of the study 

has inherent limitations and only quantitative data was available for analysis. We were unable 

to assess adherence to INH, which would impact interpretation of its effectiveness. The small 

number of participants in our study may limit power to detect true differences. The study is 

from a single centre, however, which adds the significant strength that treatment is 

protocolized and therefore standard across all patients. The RCWMCH is one of the largest 

paediatric transplant programmes in a middle income country, patients are carefully followed 

up, and therefore we are confident that the data quality was adequate for analysis. Although 

we did not get bacteriological proof of TB in a few cases due to challenges in TB diagnosis, 

all patients improved after treatment reflecting that the diagnosis was likely correct. Due to 

challenges in TB diagnosis some cases may however have been missed. Our study reflects a 

South African experience and may not be generalizable to a wider community, but serves to 
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raise awareness of the clinical problem, and the need for meticulous follow-up, which will 

become more and more relevant as lower income countries begin to start transplantation. The 

findings reported here will inform design of future studies, including the need to collect 

qualitative data to better understand patient experiences and barriers to care.  

 

CONCLUSION 
Kidney transplant recipients at our centre face a high risk of TB because of their immune 

compromised state and the high prevalence of the disease locally. A high index of suspicion 

is required due to the atypical presentation of TB in these patients and the frequent 

association with other infections. TB should be strongly suspected if fever, weight loss and 

cough are presenting features. Optimal diagnosis of TB post transplantation remains a 

challenge and requires further study especially in resource limited settings. Chest X-ray is a 

sensitive TB screening tool and diagnostic aid in this population. Chemoprophylaxis with 

INH in populations with high prevalence of TB is desirable and feasible. Treatment of TB 

must take into consideration the drug toxicity and important interactions with 

immunosuppressive medications. With vigilant care and close monitoring of drug levels there 

can be both good patient and graft outcomes. 
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Table 1 Characteristics of children with kidney transplants at Red Cross War Memorial 

Children’s Hospital from 1995 to 2019. 
 All children 

n (%) or median  

TB positive 

 

P value 

Demographics  

Age in yrs at transplant 

   <5  

  5 – 9 

  10 – 14 

  15+  

Range 

 

Male  

 

 

29 (14) 

58 (27) 

94 (44) 

31 (15) 

2.2 – 17.9 

 

119 (56) 

 

 

3 

7 

8 

2 

5-15.9 

 

14 

 

 

 

0.81 

0.76 

0.59 

 

 

0.25 

Female  93 (44) 6  

 

Province of origin  

  Western Cape  

  Other   

 

 

144 (68) 

68 (32) 

 

 

16 

4 

 

 

0.21 

 

Causes of end stage kidney 

disease  

 Other or unknown 

  Nephrotic syndrome   

  Dysplastic kidneys 

 Glomerulonephritis 

  PUV 

  PCKD 

  Reflux nephropathy  

  Cystinosis 

   

 

 

 

71 (34) 

41 (19) 

31 (15) 

26 (12) 

 23 (11) 

9 (4) 

7 (3) 

4 (2) 

 

 

 

 

7 (35) 

0 

2 (10) 

5 (25) 

3 (15) 

3 (15) 

0 

0 

 

 

 

Allograft  

  Deceased donor  

  Living related  

 

INH prophylaxis  

Yes  

No  

 

 

142 (67) 

70 (33) 

 

 

129 (61) 

83 (39) 

 

 

7 (35) 

13 (65) 

 

 

8 (40) 

12 (60) 

 

 

 

0.73 

 

 

0.04 

Key: PUV, posterior urethral valves; PCKD, polycystic kidney disease; INH, isoniazid. 
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Table 2 Characteristics of children who developed TB post-transplantation 
 Patients N (%) or median  

Immunosuppressive drugs  

 CSA/Aza/Pred 

 CSA/MMF/Pred 

  FK/Aza/Pred 

  FK/MMF/Pred 

  FK/RAPA/Pred 

% CNI dose increase  

Steroid intensification  

   

7 (35) 

3 (15) 

3 (15) 

5 (25) 

2 (10) 

125 – 330 

8 (40) 

Symptoms  

Fever 

Weight loss 

Cough 

LRTI 

Abdominal pain  

Diarrhoea  

Pyuria 

Pleural effusion  

Pericardial effusion  

 
 

 

13 (65) 

12 (60) 

10 (50) 

7 (35) 

3 (15) 

3 (15) 

2 (10) 

3 (15) 

2 (10) 
 

Graft dysfunction  15 (75) 

Acute rejection  9 (45) 

Positive TST 4 (20) 

Bacteriological confirmation  

 

12 (60) 

Site of infection  

Isolated  Pulmonary 

Isolated graft   

Pulmonary and graft  

Pulmonary and tonsils 

TB pericarditis  

Native kidney  

 

13(65) 

1(5) 

2(10) 

1(5) 

2(10) 

1(5) 

 

Raised viral load or bacteraemia:   

  EBV 

  CMV + EBV 

  EBV + Staph  

  CMV + Staph 

  

 

2 (10) 

1 (5) 

1 (5) 

1 (5) 

 Key:  CSA, cyclosporine; Aza, azathioprine; Pred, prednisolone; FK, tacrolimus; MMF, 

mycophenolate mofetil; RAPA, rapamycin; CNI, calcineurin inhibitor; LRTI, lower respiratory tract 

infection; TST, tuberculin skin test; EBV, Ebstein Barr Virus; CMV, cytomegalovirus; Staph, 

staphylococcus. 
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Table 3 Characteristics of Children with TB isolated in the graft kidney. 
Patient  Gender  Type 

of 

graft  

Time 

after 

transplant 

(in years)  

Pyuria  Suggestive 

chest x-ray  

TST test 

positive 

Graft 

dysfunction  

Acute rejection  

1 F DD 10.8 No Yes  No  Yes  Yes  

2 M LRD 1.2 No Yes  No  Yes  No  

3 M LRD 3 No  No  No  Yes  No  

 Key: DD, deceased/cadaveric donor; LRD, living related donor. 
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Table 4 Comparison of TB cases before and after initiation of universal INH 

prophylaxis. 

 Pre universal INH 

prophylaxis12 

N (%) 

Post universal INH 

prophylaxis 

N (%) 

Total transplant recipients  83 129 

TB cases  12(14.5) 8(6.2) 

TB diagnosis  Acid-fast bacilli using a 

combination of sputum, 

nasogastric aspirate and 

bronchial lavage 

Acid-fast bacilli using a 

combination of sputum, 

nasogastric aspirate and 

bronchial lavage, and gene 

X- pert 

Type of graft in TB cases 

LRD  

DD 

 

6 

6 

 

7 

1 

Time to TB after transplant 10m – 8 years  2 months – 10.8 yrs. 

Cases diagnosed in first year 

post transplant  

9 (75.0) 3(37.5) 

 Intensification of 

immunosuppression within  

3 months prior to TB 

diagnosis 

5 3 

Bacteriologically confirmed 

cases  

6 6 

INH prophylaxis given  

Total  

Diagnosed TB  

 

0 

0 

 

129 

8 

Common presenting 

symptoms  

Fever , cough , weight loss  Fever , cough , weight loss 

Site of TB infection  

Pulmonary  

Graft  

Other extra pulmonary sites  

 

10 

1 

1 (native kidney) 

 

6 

2 

0 
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Drug resistant TB cases  

Rifampicin  

INH  

Other  

 

0 

0 

0 

 

2 

0 

0 

Key: DD, deceased/cadaveric donor; LRD, living related donor; INH, Isoniazid.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



37 
 

Figure 1: Time to TB diagnosis in children who received INH prophylaxis and those 

who did not.  
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APPENDIX  

1. Data collecting tool / Case report form  
Study number   

Gender      

Age in years   

Weight in kgs  

  

  

Transplant history  

Age in (yrs) at transplant    

Indication for transplant  

Date of transplant  

Type of transplant  

Immunosuppression meds  

Recent steroid intensification 

Cyclosporin / Tacrolimus  dose at diagnosis of TB  

Highest Cyclosporin / Tacrilimus dose during treatment of TB   

TB history  

Time after transplant (in years)    

BCG                                            Reactive mantoux                                         Previous hx of TB  

 

Sputum positive                        Gastric aspirate positive                           BronchoAlveolar lavage positive  

 

TB culture positive  

 

Site of TB  

Tissue histology  

TB medication  

Successful completion of TB treatment  

 

Symptoms  

M F 

Y/N 

Y/N Y/N Y/N 

Y/N/NA Y/N/NA Y/N/NA 

Y/N/NA 

LR/DD 

Y/N 
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Fever                                                                 Cough                                               Weight loss  

 

Diarrhea                             Pyuria                                        Abdominal pain                       

 

Examination   

Pleural effusion                                 Pericardial effusion   

 

Investigations   

ESR                                                        WBC                       Creatinine rise                                                      

 

Co-infection 

 

Suggestive CXR  

 

Ultrasound scan report   

 

MRI scan report  

 

CT scan report  

Outcome  

Graf survival                                                                 Patient survival  

 

Graft rejection - Biopsy done                          Proven rejection on biopsy  

                   

TB treatment outcome: 

Cured   

Treatment 
completed  

 

Treatment failed   

Died   

Lost to follow up   

Not evaluated   

Treatment 
success  

 

Y/N 

Y/N Y/N 

Y/N Y/N 

Y/N 

Y/N Y/N 

Y/N 

EBV/CMV/NON 

Y/N 

Y/N Y/N 

Y/N Y/N/NA 
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Complications  

  

 

2. Instructions to authors – Pediatric Transplantation Journal  

File upload 

1. Cover letter (optional) 

2. Main body document is the most important file that you will upload. It must be 

double spaced. For most manuscript types, the main body should contain the 

following: 

 Title Page 

o Title 

o Author’s full names 

o ORCIDs 

o Affiliations 

o Corresponding author email 

o Abbreviations 

 Abstract 

 Main Body Text 

 Acknowledgements / Funding 

 Disclosure 

 Figure Legends 

 Description of Supporting Information 

 References 

3. Tables and Figures can be included at the end of the main body document or 

uploaded separately. Do not embed them within the text. Each table and figure should 

appear on its own page, and tables and figures should not be mixed. 
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Text word 

limit  

Abstract word 

limit  

Reference 

limit  
Figure limit  

Original Article 5000 250 N/A N/A 

Original Articles should be original factual observations important to the practice of 

pediatric transplantation or its related science. Original Articles must follow the standard 

presentation format as detailed in the Manuscript Preparation section below, and they must 

present results in sufficient detail for their merit to be judged by the authors’ peers and for the 

experiments to be repeated by others. The use of supplemental information is acceptable in 

cases where the word limit constrains the authors’ abilities to provide sufficient detail. The 

Discussion should convey the significance of the findings with minimal extrapolation or 

hyperbole, allowing the empirically tested facts to support the commentary. 

Parts of the Manuscript 

The manuscript should be submitted in separate files: main text file; figures. 

Main Text File 

The text file should be presented in the following order: 

1. A short informative title containing the major keywords. The title should not contain 

abbreviations (see Wiley's best practice SEO tips); 

2. A short running title of less than 40 characters; 

3. The full names of the authors; 

4. ORCIDs: ORCIDs are unique identifiers authors can use to be sure their work is 

linked. Get more information at orcid.org. 

5. The author's institutional affiliations where the work was conducted, with a footnote 

for the author’s present address if different from where the work was conducted; 

6. Corresponding author email: Provide the email address of the author to whom 

correspondence should be directed after publication. 

7. Acknowledgments; 

8. Abbreviations: Include an alphabetical list of all abbreviations used. All terms should 

be spelled out at first mention in the text. 

9. Abstract and keywords; 

http://www.wileyauthors.com/seo
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10. Main text; 

11. References; 

12. Tables (each table complete with title and footnotes); 

13. Figure legends; 

14. Appendices (if relevant). 

Figures and supporting information should be supplied as separate files. 

Authorship 

Please refer to the 'Editorial Policies and Ethical Considerations' section for details on author 

listing eligibility. 

Acknowledgments 

Contributions from anyone who does not meet the criteria for authorship should be listed, 

with permission from the contributor, in an Acknowledgments section. Financial and material 

support should also be mentioned. Thanks to anonymous reviewers are not appropriate. 

Conflict of Interest Statement 

Authors will be asked to provide a conflict of interest statement during the submission 

process. For details on what to include in this section, see the 'Editorial Policies and Ethical 

Considerations' section below. Submitting authors should ensure they liaise with all co-

authors to confirm agreement with the final statement. 

 

Abstract 

Pediatric Transplantation requires structured abstracts. Please provide an abstract of no more 

than 250 words containing the major keywords. Abstracts should clearly describe the 

purpose, methods, findings, and conclusions of the study. 

 

Abstracts should be structured and labeled as follows:  

Background: The problem being addressed in the study.  

Methods: How the study was performed.  

Results: The salient results.  

Conclusions: What the authors conclude from the results. 

 

Abbreviations are discouraged. Brand names are not allowed in the abstract. For prospective 

randomized trials, include the clinical trial registration number at the end of the abstract. 
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Keywords 

Please provide relevant keywords. 

 

Main Text 

 

Introduction - Present the background briefly, but do not review the subject extensively. 

Give only pertinent references. State the specific questions you want to answer. 

 

Patients and Methods/Materials and Methods - Describe selection of patients or 

experimental animals, including controls. Do not use patients' names or hospital numbers. It 

is the authors’ responsibility to have the research study approved by the proper institutional 

review board (IRB). The submission must state the IRB approval if the paper describes 

human subjects or experimental animals. For human studies, the IRB approval number and 

protocol number should be listed. In the case of a multi-center study, the statement may be a 

global statement reinforced with supplementary material listing the individual approval 

numbers. Identify methods, apparatus (manufacturer's name and address), and procedures in 

sufficient detail to allow other workers to reproduce the results. Provide references and brief 

descriptions of methods that have been published. When using new methods, evaluate their 

advantages and limitations. Identify drugs and chemicals, including generic name, dosage, 

and route(s) of administration. Provide a brief but complete description of the statistical 

methods 

used, including which tests were used to analyze which variable. 

 

Results - Present results in logical sequence in tables and illustrations. In the text, explain, 

emphasize or summarize the most important observations. Units of measurement should be 

expressed in accordance with Système International d'Unités (SI Units). 

 

Discussion - Do not repeat in detail data given in the Results section. Emphasize the new and 

important aspects of the study. Relate the observations to other relevant studies. On the basis 

of your findings (and others'), discuss possible implications/conclusions. When proposing a 

new hypothesis, clearly label it as such. 
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All references should be numbered consecutively in order of appearance and should be as 

complete as possible. In text citations should cite references in consecutive order using 

Arabic superscript numerals. 

For more information about this reference style, please see the AMA Manual of Style. 
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understandable without reference to the text. All abbreviations must be defined in footnotes. 
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for P-values. Statistical measures such as SD or SEM should be identified in the headings. 
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understandable without reference to the text. Include definitions of any symbols used and 

define/explain all abbreviations and units of measurement. 
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