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S UMM A R Y

BACKGROUND : The End TB Strategy calls for the

global scale-up of treatment for latent TB infection

(LTBI). We aimed to evaluate a nurse-led care pro-

gramme for LTBI by identifying gaps in the care cascade

in a low-incidence TB setting.

METHODS : We included people at risk of TB over a 15-

year period. We define three main outcomes in the LTBI

care cascade: 1) attendance at the first appointment, 2)

completion of the evaluation process, and 3) completion

of treatment.

R E SU LT S : We identified 6,126 individuals (2,369 TB

contacts, 1,749 biological therapy candidates, and 2,008

transplant candidates). Overall, 5,938 (96.9%) attend-

ed, 5,872/5,938 (98.9%) completed the evaluation and

1,624/1,847 (87.9%) completed treatment. Pre-biolog-

ical (aOR 2.32, 95% CI 1.54–3.49) and pre-transplant

(aOR 1.82, 95% CI 1.20–2.76) candidates were more

likely to attend the first appointment, while age was

associated with completing the evaluation process (aOR

1.02, 95% CI 1.003–1.04). Female sex (aOR 1.47, 95%

CI 1.08–1.99) was associated with completing the

treatment.

CONC LU S I ON : Successful assessment and treatment of

LTBI is achievable when delivered as a part of a

comprehensive, nurse-led, patient-centred programme

in specialist TB clinics.

K E Y WORD S : TB preventive treatment; Spain; screen-

ing; LTBI; nurse-led programme

TB is the leading cause of death due to a single

infectious agent worldwide.1 It is estimated that one-

quarter of the world’s population is infected with

Mycobacterium tuberculosis, mostly as latent TB

infection (LTBI).2 The WHO’s End TB Strategy has

made LTBI diagnosis and treatment central to efforts

to achieving a 90% global reduction in TB incidence

by 2035 and elimination by 2050.3

Groups at higher risk of TB include those with

recent exposure to M. tuberculosis, latently infected

people with debilitating conditions or immunosup-

pression and migrants from high TB prevalence

countries.4,5 Increases in life expectancy, chronic

medical conditions, modern immunomodulatory

drugs and transplantation have increased this pool

of people susceptible to LTBI reactivation. Although

this has led to the prioritisation of screening and

treatment in those at risk, the effectiveness of LTBI

treatment ultimately relies on encouraging all eligible

people to complete both the diagnostic process and

the subsequent treatment. Factors related to the non-
completion of preventive treatment have been exten-
sively addressed, but the impact of losses during the
many steps before therapy has received little atten-
tion.6 It should be noted that two systematic reviews
and a retrospective cohort study showed that most
dropouts may occur early in the care cascade during
the initial testing and medical evaluation.7–9

This study primarily aimed to identify both the
gaps in provision and the factors associated with
losses and dropouts at each stage of the care cascade,
and to assess how changes in diagnosis and treatment
strategies over time have affected the programme’s
performance.

METHODS

Study design, setting, and participants

We conducted a retrospective observational study of
people at risk of TB in the specialist TB clinic of a
tertiary care teaching hospital for adults in Barcelona,
Spain. The study population comprised non-HIV-
infected people aged �18 years, and eligible for
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evaluation of TB infection due to recent exposure
(contacts), biological therapy (pre-bio) or organ
transplantation (pre-transplant) between 1 January
2006 and 31 December 2020.

TB clinic and care programme

A nurse-led and patient-centred care programme
delivers all LTBI diagnosis and treatment in TB
clinics at the Bellvitge University Hospital, a third-
level teaching hospital in Barcelona, Spain. Two full-
time nurse specialists and infectious diseases and lung
specialists staff the clinic, and work in close
collaboration with specialist epidemiology nurses
and community health workers of the Epidemiolog-
ical Surveillance Unit (ESU) of the Catalonian
Department of Health. The nurses have expertise in
contact mapping and tracing, treatment and preven-
tion. They systematically record patient data in a
database as part of their everyday clinical practice.
Medical specialists refer pre-bio and pre-transplant

patients, and the TB specialist nurse maps contacts
using information provided by the index case and the
ESU. At the initial visit, nurses record the medical
history, symptoms, and TB risk factors, and assess the
bacille Calmette-Guérin vaccination scar. For contact
tracing, nurses map and contact people exposed and
prioritise them according to the potential infectious-
ness of the index case, the closeness of exposure, and
the vulnerability and susceptibility of the person
exposed. Evaluation included a chest X-ray and an
immunodiagnostic test, according to the protocol in
place at the time (the tuberculin skin test [TST], the
QuantiFERONw-TB Gold [QFT; Qiagen, Hilden,
Germany], or both).
Individuals with negative tests are discharged once

the physician concludes that there is no evidence of
LTBI after revising clinical and radiological data.
Those with positive tests are referred to the physician
for consideration of preventive therapy and exclusion
of active disease. Nurses provide counselling on TB
and for medication and written information on the
posology and potential side effects. Patients are
offered rapid access to the TB clinic by telephone,
email and instant messaging platforms. Adherence is
monitored at regular visits by interview, urine colour
for rifamycins or the detection of metabolites in urine
for isoniazid.10 Treatment tolerability is assessed by
checking symptoms and performing blood tests by the
specialised nurses, as well as requesting additional
controls if necessary. Active efforts are made to re-
engage cases and contacts who fail to attend; if
required, ESU agents can also become involved
(Supplementary Figure S1).

Testing for and treatment of TB infection

The diagnostic strategies and treatment regimens for
TB infection have changed over time as new
knowledge has emerged. In addition, protocols have

differed among the three main populations: contacts,
pre-bio and pre-transplant cohorts. For contacts, the
QFT was first used to confirm positive TST results,
and for pre-bio patients was initially added to the
TST to improve the sensitivity of detection, but it has
been used alone for diagnosis in recent years. Pre-
transplant patients have been screened using the QFT
exclusively since the programme began in 2013. TST
was performed according to the Mantoux method,
using 2 tuberculin units of RT-23 (Statens Serum
Institute, Copenhagen, Denmark) and a �5 mm
induration threshold to define a positive result. We
used the third generation QFT In-Tube between
January 2006 and November 2017, and the last-
generation QFT Plus assay since December 2017.
First-line preventive therapy also changed over the
study period from isoniazid for 6–9 months to
rifamycin-containing regimens.

Cascade of care

The LTBI cascade care is defined as the entire process,
from the identification of a person at risk of infection
to the completion of a course of preventive treatment
for LTBI. This comprises a series of stages that
contain a step (number of individuals reaching that
point of care) and a gap (those with poor outcomes,
quantified as the difference between steps).11

We adopted a framework for the LTBI care cascade
described elsewhere.7 This included eight stages: 1)
those intended for the assessment; 2) of the total
intended, those initially attending; 3) of the total
attending, those with a process result; 4) of the total
with positive results, those referred for evaluation by
a physician; 5) of the total referred, those who
completed the physician evaluation; 6) of the total
who completed the physician evaluation, those
recommended for treatment; 7) of the total recom-
mended for treatment, those who accepted and
started treatment; and 8) of the total who started
treatment, those who completed treatment.
The eight stages of the cascade were then grouped

into three main stages that defined three outcomes: 1)
attendance at the first appointment, measured as the
proportion of the total eligible for assessment who
came to the first appointment; 2) completion of the
entire evaluation process, measured as the proportion
of the total number of people coming to the TB clinic
who completed the entire evaluation process; and 3)
completion of preventive therapy, measured as the
proportion of the total number of people eligible for
treatment who completed that therapy.
We did not look at the development of TB among

patients who were recommended preventive treat-
ment, as this was outside the objective of the study.

Data analysis

Differences between groups were assessed using the
Student’s t-test or the U non-parametric Mann–
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Whitney test for continuous data, as appropriate, or
the v2 test for categorical data. Risk factors for not
accomplishing each of the three main outcomes were
assessed using univariate and multivariate regression
analyses. We included the following variables in the
analysis: age, sex, place of birth, reason for evalua-
tion, diagnostic method, preventive therapy and
study period (2006–2010, 2011–2015 and 2016–
2020). The level of significance was fixed at an alpha
of 5%, using 95% confidence intervals (95% CIs) for
differences. Statistical analyses were performed using
IBM SPSS v25 (IBM Corp, Armonk, NY, USA).

Ethics

The Ethical Clinical Research Committee of Bellvitge
University Hospital, Bellvitge Institute for Biomedical
Research (IDIBELL), Barcelona, Spain, approved this
study (Ref. PR335/18).

RESULTS

Sample characteristics

We initially identified a total of 6,126 individuals for
assessment belonging to the following three catego-
ries: those with recent exposure (n¼ 2,369), pre-bio
(n ¼ 1,749) and pre-transplant (n ¼ 2,008) cohorts
(Supplementary Table S1). Of the 5,938 (96.9%) who
attended for evaluation, 59 (0.99%) did not return
for results. Of the 5,879 who did return, 2,283
(38.8%) had a positive test, and all were referred for a
physician evaluation, which was attended by 2,269
(99.4%).

Preventive therapy was recommended in 1,847
cases (81.4%), of whom 1,810 (98.0%) accepted and
started it. Reasons for not recommending treatment
were previous treatment (n¼ 227, 53.8%), previous
positive test results (n¼ 28, 6.6%), no longer a pre-
bio or pre-transplant candidate (n ¼ 26, 6.2%),
contacts found to be a secondary TB case (n ¼ 26,
6.2%), or other reasons (not specified; n ¼ 115,
27.2%). Of the 1,810 who started preventive therapy,
1,624 (89.7%) completed it successfully (Figure 1).

Temporal trends and factors associated with the three
main outcomes

First outcome: attendance at the first appointment
Of the 6,126 eligible patients, 5,938 (96.9%)

attended the first appointment. Rates improved over
the study period (95.7% in the 2006–2010 period,
96.5% in the 2011–2015 period and 98.1% in the
2016–2020 period; P , 0.001; Figure 2). The
adjusted analysis showed that more individuals
eligible for screening attended the first appointment
in the last period (2016–2020) than in the first period
(2006–2010) (adjusted odds ratio [aOR] 1.72, 95%
CI 1.12–2.65). Higher attendance was also indepen-
dently associated with pre-bio (aOR 2.32, 95% CI
1.54–3.49) and pre-transplant (aOR 1.82, 95% CI
1.20–2.76) status. Spanish-born individuals were also
more likely to attend the first appointment in the
univariate analysis (OR 2.56, 95% CI 1.89–3.47),
but this variable could not be entered in the adjusted
analysis because some cases had missing information
(Table 1).

Figure 1
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Second outcome: completion of the evaluation
process

Of the 5,938 who attended, 5,872 (98.9%) complet-
ed their evaluation. Again, rates improved over the
study periods (98.0% in the 2006–2010 period,
99.3% in the 2011–2015 period and 99.2% in the
2016–2020 period; P , 0.001; Figure 2). After
adjusting for covariates, we found no differences in
evaluation completion between the 2011–2015 peri-
od (aOR 1.61, 95% CI 0.84–3.07) and the 2016–
2020 period (aOR 0.82, 95% CI 0.45–1.51). Older
age (OR 1.02, 95% CI 1.003–1.04), pre-bio group
therapy (OR 4.89, 95% CI 2.13–11.23) and pre-
transplant status (OR 17.79, 95% CI 4.003–79.09)

were independently associated with higher rates of

completing the evaluation process (Table 2).

Third outcome: completing preventive therapy

Finally, of the 1,847 for whom preventive treatment

was recommended 1,624 (87.9%) completed their

treatment (89.7% of those who started therapy).

Again, rates improved over the study periods (86.5%

in the 2006–2010 period, 91.0% in the 2011–2016

period and 91.8% in the 2016–2020 period; P ¼
0.002; Figure 2); however, these differences disap-

peared after adjusting for covariates in 2011–2015

(aOR 1.42, 95% CI 0.97–2.06) and 2016–2020

(aOR 1.43, 95% CI 0.96–2.14). Female sex (aOR

Figure 2

Table 1 First outcome: factors associated with initial appointment attendance for the 6,126 identified individuals

Variable

Attended the
initial appointment

n/N (%)*

Univariate analysis Adjusted analysis

OR (95% CI) P value OR (95% CI) P value

Study period
2006–2010 1,710/1,787 (95.7) 1 1
2011–2015 1,842/1,908 (96.5) 1.26 (0.90–1.76) 0.18 1.05 (0.73–1.52) 0.78
2016–2020 2,386/2,431 (98.1) 2.39 (1.64–3.47) ,0.001 1.72 (1.12–2.65) 0.01

Sex
Male 3,201/3,311 (96.7) 1 1
Female 2,737/2,815 (97.2) 1.21 (0.90–1.64) 0.21 1.26 (0.94–1.70) 0.13

Group
Contacts 2,257/2,369 (95.3) 1 1
Pre-bio† 1,717/1,749 (98.2) 2.66 (1.79–3.96) ,0.001 2.32 (1.54–3.49) ,0.001
Pre-transplant‡ 1,964/2,008 (97.8) 2.22 (1.56–3.16) ,0.001 1.82 (1.20–2.76) 0.005

Origin
Foreign-born 1,250/1,323 (94.5) 1
Spanish-born§ 4,688/4,795 (97.8) 2.56 (1.89–3.47) ,0.001

*Numerator¼ number of participants who attended; denominator¼ participants who were eligible for assessment.
† Patients evaluated prior to biologic therapy.
‡ Patients evaluated prior to transplant.
§ Not entered into the adjusted analysis because of missing information in some cases.
CI¼ confidence interval; OR¼ odds ratio.
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1.47, 95% CI 1.08–1.99) was independently associ-

ated with higher completion rates (Table 3).

DISCUSSION

The evaluation of our programmes for LTBI, adapt-

ing the previously published cascade of care frame-

work, revealed excellent uptake among candidates

identified for screening and evaluation (rates .95%)

and very satisfactory rates of preventive therapy

completion (approximately 90%).7 This good per-

formance was not only sustained but also showed a

slight improvement over time, regardless of changes

in population demographics, diagnostic tools and

treatment.

Barriers to the identification, engagement and

retention of candidates for the LTBI care cascade

have been reported.4,7,9,12–15 Risk factors for poor

engagement start with difficulties in contacting

candidates, poor standards and procedures of contact

investigations, and limited resources.7,14,16 We found

that being a TB contact was an independent risk

factor for not attending the initial appointment. The

4.7% loss of contact uptake in this study was

Table 2 Second outcome: factors associated with completion of the entire evaluation process among the 5,938 attendees at the
initial appointment

Variable
Completed evaluation

n/N (%)*

Univariate analysis Adjusted analysis

OR (95% CI) P value OR (95% CI) P value

Study period
2006–2010 1,675/1,710 (98�0) 1 1
2011–2015 1,829/1,842 (99.3) 2.94 (1.55–5.58) 0.001 1.61 (0.84–3.07) 0.15
2016–2020 2,368/2,386 (99.2) 2.75 (1.55–4.87) 0.001 0.82 (0.45–1.51) 0.53

Sex
Male 3,161/3,211 (98.4) 1 1
Female 2,711/2,737 (99.1) 1.32 (0.80–2.17) 0.27 1.49 (0.90–2.47) 0.12

Age 1.05 (1.04–1.07) ,0.001 1.02 (1.003–1.04) 0.02

Origin
Foreign-born 1,221/1,250 (97.7) 1 1
Spanish-born 4,651/4,688 (99.2) 2.99 (1.83–4.87) ,0.001 1.52 (0.91–2.55) 0.11

Group
Contacts 2,200/2,257 (97.5) 1 1
Pre-bio† 1,710/1,717 (99.6) 6.33 (2.88–13.91) ,0.001 4.89 (2.13–11.23) ,0.001
Pre-transplant‡ 1,962/1,964 (99.9) 25.42 (6.20–104.24) ,0.001 17.79 (4.00–79.09) ,0.001

*Numerator¼ number of participants who attended; denominator¼ participants who were eligible for assessment.
† Patients evaluated prior to biologic therapy.
‡ Patients evaluated prior to transplant.
CI¼ confidence interval; OR¼ odds ratio.

Table 3 Third outcome: factors associated with completion of the preventive therapy among the 1,847 individuals eligible for
treatment

Variable
Completed treatment

n/N (%)*

Univariate analysis Adjusted analysis

OR (95% CI) P value OR (95% CI) P value

Study period
2006–2010 551/649 (85.1) 1 1
2011–2015 476/534 (89.1) 1.44 (1.02–2.04) 0.04 1.42 (0.97–2.06) 0.07
2016–2020 597/664 (89.8) 1.54 (1.11–2.14) 0.01 1.43 (0.96–2.14) 0.08

Sex
Male 952/1,100 (86.5) 1 1
Female 672/747 (90.0) 1.39 (1.05–1.87) 0.03 1.47 (1.08–1.99) 0.013

Age 1.01 (1.00–1.02) 0.05 1.001 (0.99–1.01) 0.79

Origin
Foreign-born 401/470 (85.3) 1
Spanish-born 1,223/1,377 (88.8) 1.37 (1.01–1.86) 0.04 1.21 (0.86–1.70) 0.28

Group
Contacts 721/841 (85.9) 1 1
Pre-bio† 455/504 (90.3) 1.53 (1.08–2.18) 0.02 1.33 (0.89–1.97) 0.16
Pre-transplant‡ 448/502 (89.0) 1.34 (0.95–1.88) 0.09 1.11 (0.69–1.78) 0.65

Method of screening
TST 497/574 (86.6) 1
QFT (6TST) 1,127/1,273 (88.5) 1.20 (0.90–1.61) 0.23

*Numerator denotes number of participants who completed the prescribed treatment, and denominator represents participants who started it.
† Patients evaluated prior biologic therapy.
‡ Patients evaluated prior to transplant.
CI¼ confidence interval; OR¼ odds ratio; QFT¼QuantiFERONW-TB Gold; TST¼ tuberculin skin test.
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nevertheless better than the 25–58% reported in the
literature.9,17,18 However, while these figures may
appear satisfactory, it is unknown as to what extent
all potential candidates were targeted. The mapping
of TB contacts relies on self-reporting by the index
case, leaving the very real potential for intentional
underreporting due to fear of job loss, legal issues or
vulnerability. The superior uptake rates among
patients evaluated in the pre-bio and pre-transplant
cohorts, which were consistent with the results of a
systematic review,7 are plausible given that these
patients are already strongly linked to the healthcare
system and tend to be highly motivated to improve
their quality of life with biological therapies or organ
transplantation.
Factors affecting non-completion of the evalua-

tion process include barriers to access, difficulties
with health insurance, non-referral by a healthcare
provider for medical evaluation, age .35 years,
treatment not being offered or variations in recom-
mendations to treat by primary care clinics.7,19–25

The guarantee of universal free access to public
healthcare will presumably have mitigated several of
these in Spain. In our TB clinic, we not only retained
98.9% of the TB contacts and referred patients but
also completed their evaluation, which is higher than
the 89% previously reported in a previous system-
atic review.7 These high retention rates likely reflect
the evaluation of TB contacts in the same clinic as
the index case, with all people regarded as infected,
referred for further evaluation or to be considered
for preventive therapy, with no pre-determined age
limits.
We offered preventive therapy to approximately

80% of patients, and these almost invariably accept-
ed and started therapy. However, these figures
contrast with those in the literature, which show that
an average of 70% are offered, and 90% accept
treatment.7 Once initiated, almost 90% also com-
pleted the full course of treatment, which is only
comparable to the 91% reported in one study, but
consistently above the 38–63% reported in most
others.4,7,13,17,18,26 We attribute our high completion
rates to the centralised screening and treatment at a
specialist TB clinic, and to the use of specific
protocols for each specific population.27 The corner-
stone of this strategy is a specialist nurse-led
programme that has been consolidated over more
than three decades. It benefits from offering counsel-
ling, flexibility and adaptability, and ease of access to
the treating team. Regular follow-up visits provide
opportunities not only to detect adverse events and
reinforce treatment compliance but also to provide
counselling and educational interventions.
This study provides evidence for the feasibility of

targeting, diagnosing and treating LTBI in a specialist
nurse-led clinic in a low-incidence setting. It benefited
from including a large number of at-risk individuals

across a long period of time, during which demo-
graphics, diagnostic approaches and therapeutic
strategies changed. However, we must acknowledge
several limitations. First, selection bias may have
occurred, with the possibility that patients included in
this data set were more willing to seek medical care
and accept referral than the general population.
Second, our care model can only be extrapolated to
other developed low TB incidence and similar health-
care systems. Finally, although the study was not
designed to assess the effectiveness of TB preventive
therapy in these groups, it might have been of interest
to know the development of new TB cases in both
patients who completed treatment and in those who
did not. We have already published data that provides
additional evidence on the benefits of preventive
treatment in these risk groups.27,28

In conclusion, the assessment and treatment of
LTBI can be completed successfully when delivered as
part of a comprehensive nurse-led and patient-
centred programme in specialist TB clinics.

Conflicts of interest: none declared.
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R É S U M É

CONT EX T E : La stratégie de l’OMS pour mettre fin à la

TB appelle à intensifier la prise du traitement de

l’infection tuberculeuse latente (LTBI) à travers le

monde. Notre objectif était d’évaluer un programme

de soins de la LTBI encadré par des infirmiers, en

identifiant les lacunes de la cascade de soins dans une

zone à faible incidence de TB.

M É THODE S : Nous avons inclus des personnes à risque

de TB sur une période de 15 ans et défini trois critères

de jugement principaux dans la cascade de soins de la

LTBI : 1) la présence à la première consultation, 2)

l’achèvement du processus d’évaluation et 3)

l’achèvement du traitement.

R É S U LTAT S : Nous avons identifié 6 126 personnes (2

369 contacts de cas de TB, 1 749 candidats à un traitement

biologique et 2 008 candidats à une transplantation). Au

total, 5 938 (96,9%) se sont présentés à la première

consultation, 5 872/5 938 (98,9%) ont achevé le processus

d’évaluation et 1 624/1 847 (87,9%) ont achevé le

traitement. Les candidats au traitement biologique (aOR

2,32 ; IC 95% 1,54–3,49) et candidats à la transplantation

(aOR 1,82 ; IC 95% 1,20–2,76) étaient davantage

susceptibles de se présenter à la première consultation,

tandis que l’âge était associé à l’achèvement du processus

d’évaluation (aOR 1,02 ; IC 95% 1,003–1,04). Les

femmes (aOR 1,47 ; IC 95% 1,08–1,99) étaient

associées à l’achèvement du traitement.

CONC LU S I ON : Une évaluation et un traitement réussis

de la LTBI sont possibles lorsqu’ils font partie d’un

programme complet, encadré par des infirmiers et centré

sur le patient, dans des cliniques spécialisées dans la prise

en charge de la TB.
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Abstract
Background: Systematic screening for, and treatment of, latent tuberculosis (TB) in-
fection is recommended prior to kidney transplant. However, little is known about 
patient compliance with, or the safety profile of, preventive therapies used in clinical 
practice.
Methods: This was a retrospective observational study of patients who were eligible 
for kidney transplant and were evaluated for TB infection between January 2013 and 

registered prospectively as part of our nurse-led program before kidney transplant. 
We assessed completion rates, tolerance with therapy, development of TB, and as-
sociated workload.
Results: In total, 1568 patients were referred to our TB clinic for evaluation. 

-

treated patients received a kidney transplant; only one patient, who failed to com-

Conclusion: Despite the complexity and workload generated by patients with ESRD 
awaiting kidney transplant, preventive therapy for TB is effective in most cases. Our 
experience provides important evidence on the feasibility of preventive therapy for 
TB before kidney transplant when delivered as part of a comprehensive nurse-led 
program.

K E Y W O R D S

kidney transplant, latent TB infection, nursing practice, patient education, prevention, 
tuberculosis
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|

Solid organ transplant (SOT) recipients are at high risk of develop-
ing active tuberculosis (TB).1- 3 It is estimated that end- stage renal 
disease (ESRD) increases the risk of active TB to between 6-  and 
25- times greater than that in the general population, with kidney 

of infection.1,4,5 TB in SOT mainly arises from the reactivation 

6- 12 months post- transplant and is associated with high morbidity 
and mortality.  Therefore, identifying and treating these patients is 
essential to preventing active TB after transplantation.

transplant assessment in preventing TB after kidney transplan-
tation. Clinical practice guidelines recommend the systematic 
screening and treatment of TB infection in all patients undergoing 
SOT.3,8 However, the success of this practice ultimately depends on 
patients completing preventive therapy. Despite unanimity among 
the existing guidelines and WHO recommendations,9 little is known 

the benefit of a specialist nursing intervention, as has been demon-
strated in other disciplines, is unknown for TB prevention. Health 
education, counseling, visit coordination, and patient monitoring 
are essential to treatment compliance,10,11 but the complexity of pa-

-
current events, and polypharmacy, which often make LTBI treatment 
difficult. Furthermore, it is not always easy to assign a given adverse 

discontinuations. Thus, previously established protocols may need 
to be modified and adapted to meet specific needs.

In 2013, a nurse- led program for the screening and treatment of 
TB infection prior to kidney transplantation (the Pre- KT Program) was 
established at our TB clinic. In this study, we aimed to assess treat-
ment compliance, treatment safety, and TB development as markers 
of the effectiveness of this program in daily clinical practice.

|

|

We conducted a retrospective observational cohort study of pa-
tients with ESRD awaiting kidney transplant at Bellvitge University 
Hospital, a tertiary care teaching hospital for adults in a metropolitan 
area of Barcelona, Spain. The study population comprised patients age 

-
tients referred for LTBI screening are given separate appointment times. 

|

QuantiFERON- TB Gold (QFT) assay, using one of two assays: a 

and in the absence of current or past evidence of TB, the patient 

QFT results, were given preventive therapy with a combination of 

or rifabutin (Rb) for 4 months, as appropriate. Commercially avail-
able presentation of H is supplemented with 50 mg of pyridoxine. 
In patients treated with RH, supplementary pyridoxine was not 
given. Before starting treatment, active TB was ruled out by clini-
cal assessment (fever, cough, weight loss, or sweats) and chest ra-
diograph. If there was evidence of radiographic signs or symptoms 
suggestive of active TB, respiratory specimens were collected for 
smear and culture.

medical histories, and at the first visit, they completed a clinical- 
epidemiological survey about TB symptoms and risk factors for in-
fection. The nurses then offered counseling about the disease and 
latent infection, and the type of preventive therapy and its side ef-
fects to patients who initiated treatment.

color assessment for R or Rb therapy, or by the detection of uri-
nary N 12 The 
follow- up protocol for patients receiving any treatment regimen 
comprised liver function testing at a nursing visit in the fourth week 
of treatment. For patients on R, Rb, or H, a second blood test and 
nursing visit were performed in the third month, and in all patients, 
a final medical and nursing visit was performed at the end of the 

contacted. In addition to the scheduled assessments, the specialist 
nurse checked symptoms and liver function tests, and were free to 

necessary. Likewise, patients could contact the TB clinic during 
working hours (from 08:00 to 15:00 hours, 5 days a week).

|

We defined treatment completion as taking the full prescribed treat-
ment for the assigned period (3 months for RH, 6 months for H, and 
4 months for R or Rb) with or without modification and/or temporary 
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discontinuation of the initial regimen. Discontinuation was consid-
ered temporary for interruptions lasting at least 2 consecutive days 
and definitive for interruptions that were indefinite, regardless of 
the cause. Loss to follow- up was defined as non- attendance at a 
scheduled appointment, not because of death.

|

For the present study, vital statuses, transplant details, and the de-
velopment of TB were retrieved from the electronic clinical charts 
of all participants. The follow- up ended on June 30, 2020, or was 
censored at the date of last visit or death, whichever came first.

|

We conducted a descriptive analysis of the cohort, expressing meas-
ures of central tendency and dispersion as means, percentages, and 
standard deviations, as appropriate. Differences between groups 

U nonparametric 
test for continuous data, as appropriate, or by the χ2 test for categori-
cal data. Risk factors for not completing preventive therapy were as-
sessed by univariate and multivariate regression analysis. The level of 
significance was fixed at an α
for differences. The incidence of active TB was expressed as the inci-

|

The study was approved by the Ethical Clinical Research Committee 

retrospective design.

|

We screened 1568 patients for TB infection during the study pe-

positive QFT results, and 18 had negative QFT results but findings 

|
preventive therapy and tolerance

-
-

-
tive therapy with R or Rb.

Completion rates based on the initial regimens are shown in 
-

-

-
ance. The main symptoms were related to the central nervous sys-

definitive (9 for CNS symptoms, 8 for gastric intolerance, 4 for liver 
toxicity, 4 for hypersensitivity, and 2 for other reasons). Specifically, 
32 of the 33 patients with CNS symptoms were treated with H (25 

resulted in symptom resolution in all the cases.

|

-
-

Characteristics of 385 patients receiving preventive 
therapy for tuberculosis

N (%)

Gender, male 309 (80.3)

±SD) 63.8 (11.6)

333 (86.5)

Renal substitutive therapy

Hemodialysis 205 (53.2)

Cause of end- stage renal disease

Nephroangiosclerosis 133 (34.5)

Glomerulonephritis 40 (10.4)

Tubulointerstitial disease 8 (2.1)

Others 13 (3.3)

Unknown 163 (42.3)

Initial preventive therapy regimen

264 (68.6)

Rifampin/Rifabutin 15 (3.9)

Note: 
(3), vasculitis (4), chronic pyelonephritis (2), amyloidosis (1), 
nephrocalcinosis caused by type I tubular acidosis (1).
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of 45 months (1426 patient- years), there were no cases of TB among 
patients who completed a course of preventive therapy. One patient, 
who did not complete treatment because of intolerance, developed 

-
lier because of TB contact, which had to be discontinued because 
of liver toxicity. Six years later she was referred to the TB clinic for 
evaluation before kidney transplant. Rifampin was tried but it was 
discontinued nine days later because of hypersensitivity.

|

visit (Table 4). The excess healthcare activity over that planned in the 
protocol was similar among the preventive therapy regimens, with 

and 2 for the RH, H, and R/Rb regimens, respectively.

|

The results of this study show that, with a comprehensive nurse- led 
program for screening and treatment of TB infection, a high rates of 
treatment completion and effectiveness can be achieved to prevent 
TB in kidney transplant recipients.

Taking into consideration the fragility and complexity of treat-

cohort is highly satisfactory. However, there are few comparable 
precedents in the literature. In a retrospective study of 153 kidney 

H for 9 months completed treatment.13

been differences in the assessment of treatment completion (no 
definition was given in that study), the completion rates were far 

-
14,15 and 

several observational studies16- 21 on LTBI treatment adherence in a 

-
intestinal intolerance being most significantly associated with non- 
completion.13,16,19- 21 The most common side effects in the present 

patients as “being drunk”). Symptoms developed within the first 

completion rates by initial regimen. The 
total sample comprised 385 patients. 

therapy. *P = .13

264
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7 (46.6%) *
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Ini�al regimen prescribed Completed PT with ini�al regimen

Reasons for not completing preventive therapy in 45 
patients

N (%)

Intolerance without treatment alternatives 14 (31.1)

No longer candidate for transplant 4 (8.9)

Discontinued by nephrologista

Other reasonsb 5 (11.1)

9 (20.0)

Reject periodic controls 5 (11.1)

Reject reintroduction of preventive treatment after 
temporary discontinuation

2 (4.4)

Other reasonsc 2 (4.4)

Lost to follow- up 5 (11.1)

Death 5 (11.1)
aSymptoms potentially related to treatment or no specific reasons.; 
b

reason.; cRejection of transplantation (1) and moved to another country 
(1).
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symptoms appeared in patients taking H (with or without R), and 
symptoms resolved in all cases by switching to a regimen without 
H. We could find no specific risk factors associated with symptom 
appearance. Curiously, CNS side effects are rarely mentioned in the 
literature.13,16,21

reason.
The high completion rates in our cohort, which are consistent 

with our previous experience with others population at risk,22 can 
be attributable to the systematic way of screening and treatment 
at a specialists TB clinic, while frees up nephrologists and other 

physicians following these patients. The cornerstone of this strat-
egy is adopting a specialist nurse- led program that has been consol-
idated over more than three decades, and it benefits from offering 
counseling, flexibility and adaptability, ease of access to the treating 
team, and early detection of adverse events and lack of adherence. 

shown to improve compliance in other populations at risk.13,14,23 In 
our program, written information together with counseling and ed-
ucational interventions are provided at every visit. This places an 
extra burden on nurses, but such programs are essential if we are to 
be flexible to the specific treatment needs of patients with chronic 
health conditions.

= 264) = 106)
R/Rb 
(n = 15)

Totals 
(n = 385)

50 (18.9) 11 (10.3) 3 (21.4) 64 (16.6)

Central nervous systema 25 (6.5) 1 (0.3) 33 (8.6)

Gastric intolerance*** 3 (0.8) 2 (0.5)

Liver toxicityb 6 (1.5) 3 (0.8) 0 9 (2.3)

Hypersensitivity 3 (0.8) 0 1 (0.3) 4 (1.0)

Hypertension 3 (0.8) 0 0 3 (0.8)

Fatigue 3 (0.8) 0 0 3 (0.8)

Othersc 3 (0.8) 0 10 (2.6)

Note: H = = = rifampin or rifabutin.
a bClinical hepatitis and/or fivefold increase of 
basal transaminases.; cGeneral discomfort (2), polyarthralgia (2), fever (2), itching (2), decreased 
hematocrit (1), and uremic encephalopathy (1).; *p =.11; **p =.65 for comparison between RH, H 
and R/Rb, and p = p=.09.

Side effects by tuberculosis 
preventive regimen in 385 patients 
according to the initial treatment

Total 
(n = 385)

3 months 
(n = 264)

6 months 
(n = 106)

R/Rb for 
4 months (n = 15) p

Extra nurse phone 142 (53.8) 12 (80.0) 0.06

1 69 (26.1) 31 (29.2) 6 (40.0)

>1 115 (29.9) 36 (34.0) 6 (40.0)

Extra nurse presential 5 (33.4) 0.99

1 69 (26.1) 26 (24.5)

>1 44 (11.4) 29 (11.0) 14 (13.2)

Extra phone and/or 268 (69.6) 12 (80)

64 (23.9) 11 (10.3) 3 (20.0) 0.02

1 64 (16.4) 3 (20.0)

>1 14 (3.6) 11 (4.2) 3 (2.8) 0

Extra medical visits, 63 (16.3) 15 (14.1) 3 (20) 0.68

1 51 (13.2) 38 (14.4) 10 (9.4) 3 (20.0)

>1 12 (3.1) 0

Note: H = = = rifampin/rifabutin.

Unplanned visits and extra 
blood tests in 385 patients by the initial 
tuberculosis preventive therapy regimen
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treatment protocol is also key to ensuring the desired outcomes. For 

test12 to monitor patients receiving H or the color of the urine to 

is that some patients with ESRD may be unable to provide urine sam-
ples because of anuria.

TB after transplant, which is lower than rates reported in high- 
prevalence countries.24 24 of six observational 
studies25- 30 31- 34 of pre-
ventive treatment with H in renal transplant recipients found that 

most of the observational studies were conducted in high- endemic 
countries.26- 29,31- 34 Consistent with our results, a study conducted 
in a low- to- intermediate endemic country, none of the 131 patients 
allocated to H developed TB.35

treatment of TB infection, participant selection may have been 
-

herence may have been overestimated as a result, we believe that 
patients with chronic diseases, such as ESRD, are highly motivated 
in preparedness for transplantation. Nevertheless, it is likely that 
neither our results nor our model can be extrapolated to countries 
with distintive demographic, cultural, and social factors, as well as 
healthcare systems.

In conclusion, despite the complexity and workload generated by 
patients with ESRD awaiting kidney transplant, preventive therapy 
for TB is effective in most cases. Our experience provides important 
evidence on the feasibility of preventive therapy for TB before kid-
ney transplant when delivered as part of a comprehensive nurse- led 
program.
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