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Abstract
Objective: To determine the prevalence of latent tuberculosis infection (LTBI) and the risk of infection in patients 
with chronic kidney disease treated at a hemodialysis center. Methods: We included 307 patients with chronic 
kidney disease undergoing hemodialysis at the Mineiro Institute of Nephrology, located in the city of Belo 
Horizonte, Brazil. All of the patients were submitted to tuberculin skin tests (TSTs). We investigated the booster 
effect and TST conversion. If the initial TST (TST1) was negative, a second TST (TST2) was performed 1-3 weeks 
later in order to investigate the booster effect. If TST2 was also negative, a third TST (TST3) was performed 
one year after TST2 in order to determine whether there was TST conversion. Results: When we adopted a 
cut-off induration of 5 mm, the prevalence of LTBI was 22.2% on TST1, increasing by 11.2% on TST2. When 
we adopted a cut-off induration of 10 mm, the prevalence of LTBI was 28.5% on TST1, increasing by 9.4% on 
TST2. The prevalence of LTBI increased significantly from TST1 to TST2 (booster effect), as well as from TST2 
to TST3 (p < 0.01 for both). In our sample, the mean annual risk of infection was 1.19%. Conclusions: In the 
population studied, the prevalence of LTBI was high, and the mean annual risk of infection was similar to that 
reported for the general population of Brazil, which suggests recent infection.
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Resumo
Objetivo: Determinar a prevalência da infecção latente por Mycobacterium tuberculosis (ILMT) e o risco de 
infecção em pacientes com insuficiência renal crônica em um centro de hemodiálise. Métodos: Foram incluídos 
no estudo 307 pacientes com insuficiência renal crônica em tratamento hemodialítico no Instituto Mineiro de 
Nefrologia, na cidade de Belo Horizonte (MG). Todos os pacientes foram submetidos a testes tuberculínicos (TTs). 
O efeito booster e a viragem tuberculínica foram avaliados. Se o primeiro TT (TT1) era negativo, um segundo 
(TT2) era realizado 1-3 semanas após o TT1 para investigar o efeito booster. Se o TT2 também era negativo, 
um terceiro (TT3) era realizado um ano após o TT2 para identificar a viragem tuberculínica. Resultados: A 
prevalência da ILMT, quando considerado o ponto de corte de 5 mm de enduração, foi de 22,2% no TT1, com 
incremento de 11,2% no TT2. A prevalência da ILMT, quando considerado o ponto de corte de enduração de 
10 mm, foi de 28,5% no TT1, com incremento de 9,4% no TT2. Um aumento significativo da prevalência da 
ILMT foi observado entre TT1 e TT2 (efeito booster) e entre TT2 e TT3 (p < 0,01 para ambos). Na nossa amostra, 
o risco médio anual de infecção foi de 1,19%. Conclusões: Na população estudada, a prevalência da ILMT 
foi alta, e o risco de infecção foi semelhante ao da população geral no Brasil, o que sugere infecção recente.

Descritores: Tuberculose; Insuficiência renal crônica; Teste tuberculínico.
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Introduction

Tuberculosis remains a serious public health 
problem worldwide. The World Health Organization 
estimates that there were 50 million people infected 
with Mycobacterium tuberculosis, 92,000 new 
cases (incidence, 48/100,000 population), and 
49,000 new smear-positive cases (incidence, 
26/100,000 population) in Brazil in 2007. In 
addition, the number of deaths from tuberculosis 
has been estimated at 8,400, i.e., 4.4 deaths per 
100,000 population.(1) 

In 2008, the incidence of tuberculosis was 
50/100,000 population in Brazil, 23/100,000 
population in the state of Minas Gerais, and 
31/100,000 population in the city of Belo 
Horizonte. In southeastern Brazil, the prevalence 
of tuberculosis is high, which is probably due 
to worsening of living conditions in urban 
areas, incorrect diagnosis and treatment, and 
inappropriate use of available resources.(2,3) 

Patients with chronic kidney disease (CKD) are 
immunosuppressed, given that uremia reduces 
the expression of B7-2 costimulatory molecule on 
antigen-presenting cells; this alters the function 
of polymorphonuclear cells and interferes with 
phagocytic efficiency, migration efficiency, and 
chemotactic efficiency, reducing the ability 
of cells to kill intracellular microorganisms.
(4) Nevertheless, the tuberculin skin test (TST) 
remains the standard method for diagnosing 
latent tuberculosis infection (LTBI) in patients 
with CKD undergoing hemodialysis and in kidney 
transplant candidates, although anergy rates 
vary widely.(5-9) 

In developed countries, the most common 
causes of entry into renal replacement therapy 
programs are diabetes mellitus (DM) and systemic 
arterial hypertension (SAH), which account for 
approximately 70% of all admissions to dialysis 
centers. In developing countries, there is a 
higher prevalence of nephropathy related to 
infectious diseases, although the available data 
are inaccurate.(10) 

In patients with CKD undergoing hemodialysis, 
the risk of developing tuberculosis is 6.9-52.5 
times as high as it is in the general population, 
which is why all patients presenting with positive 
TST results should receive treatment for LTBI.(11) 

The objective of the present study was to 
determine the prevalence of LTBI and the risk 
of infection in patients with CKD treated at a 
hemodialysis center. 

Methods

This was a prospective longitudinal study 
conducted at the Mineiro Institute of Nephrology, 
located in the city of Belo Horizonte, Brazil. All 
patients over 18 years of age and undergoing 
hemodialysis between December of 2008 and 
December of 2009 were invited to participate 
in the study. 

The study participants completed a 
standardized, previously validated questionnaire 
on the following: date of hemodialysis initiation; 
sociodemographic data (including gender, age, 
race, and marital status); smoking; alcohol 
consumption; body mass index; presence of 
DM; HIV, HBV, and HCV serology; and use of 
immunosuppressants. In addition, the participants 
were evaluated in terms of the following: presence 
of a BCG vaccination scar; history of tuberculosis; 
and history of contact with a tuberculosis patient. 

The etiology of kidney disease and the use 
of medications (antihypertensives, recombinant 
human erythropoietin, iron, insulin, diuretics, 
antidepressants, immunosuppressants, vasodilators, 
bronchodilators, B vitamins, vitamin C, folic 
acid, and vitamin D analogs) were reported and 
evaluated in terms of their association with TST 
results. 

Patients who failed to return for the reading 
of the TST results, those who had previously 
undergone a TST, those who had previously been 
treated for LTBI, and those who presented with 
a history of tuberculosis were excluded from the 
present study. 

All of the study participants underwent chest 
X-ray. 

The present study was approved by the Research 
Ethics Committee of the Federal University of 
Minas Gerais (ETIC Ruling no. 25/08), located 
in the city of Belo Horizonte, Brazil. 

The TST was performed by the Mantoux 
method, which consists of intradermal 
administration of 0.1 mL (2 tuberculin units) 
of PPD RT23 (State Serum Institute, Copenhagen, 
Denmark) on the volar aspect of the forearm. The 
results of the test were read within 72-96 h after 
PPD RT23 administration. The maximum transverse 
diameter of the area of palpable induration 
was measured with a millimeter ruler, and the 
results were expressed in mm. If the initial TST 
(TST1) was negative, a second TST (TST2) was 
performed 1-3 weeks later in order to investigate 
the booster effect. If TST2 was also negative, a 
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third TST (TST3) was performed one year after 
TST2 in order to determine whether there was 
TST conversion.(12) 

We used two cut-off points for TST induration. 
In general, for patients with CKD, a positive TST 
result was defined as an induration ≥ 10 mm. 
For kidney transplant candidates, HIV-positive 
patients, immunosuppressed patients, patients 
using prednisone or equivalent at a dose ≥ 15 
mg/day for more than one month, and candidates 
for the use of TNF-α inhibitors, a positive TST 
result was defined as an induration ≥ 5 mm. 
The latter cut-off point was chosen on the basis 
of recommendations made by the American 
Thoracic Society and other authors,(13,14) given 
that patients receiving immunosuppressants after 
transplantation have a high risk of developing 
active tuberculosis. 

The booster effect was defined as a TST2 
induration ≥ 10 mm, the TST2 induration having 
increased by more than 6 mm in comparison 
with the TST1 induration.(3) 

We defined TST conversion as a TST3 
induration ≥ 10 mm in comparison with the 
TST2 induration.(3) 

For all of the individuals with LTBI, we 
recommended treatment with isoniazid at a dose 
of 10 mg/kg per day (maximum dose, 300 mg/
day) after hemodialysis. 

In order to calculate the mean annual risk of 
infection (MARI), we used the formula proposed 
by Ruffino-Netto.(15) 

Descriptive statistics were calculated for all 
study variables. For categorical variables (such 
as race and gender), we employed frequency 
distribution tables. For continuous variables 
(such as age and weight), we adopted measures 
of central tendency (mean and median) and 
variability (minimum/maximum values and 
standard deviation). 

In order to determine the differences between 
the two groups regarding continuous variables, 
we used the nonparametric Mann-Whitney test, 
which was chosen because the study variables 
showed non-normal distribution. The OR was 
calculated with a confidence interval of 95%. 
Adjustment for gender and age was made by 
ordinal logistic regression. For all analyses, we 
set the level of significance at 5% and used the 
Statistical Package for Social Sciences, version 
15.0 (SPSS Inc., Chicago, IL, USA). 

Results

A total of 335 patients were invited to 
participate in the present study. Of those, 28 
were excluded because they declined to undergo 
or failed to return for the reading of the results 
of any of the TSTs and 21 were excluded because 
they reported a history of tuberculosis. Therefore, 
the study sample consisted of 307 patients. The 
mean age was 53 years (range, 19-85 years), with 
a predominance of males (56.4%), non-White 
individuals (65.4%), married individuals (59.4%), 
alcoholics (6.6%), and smokers (88%). Only 46 
patients (13.8%) were underweight (body mass 
index < 18.5 kg/m2). Regarding comorbidities, 86 
patients (28%) had DM, 12 (4%) were HCV-positive 
(although none were HBV-positive), and 2 (0.6%) 
were HIV-positive. Only 9 patients (3%) were using 
immunosuppressants. A total of 225 patients 
(73.4%) had a BCG vaccination scar, and 63 
(20.6%) reported having had contact with a 
tuberculosis patients. Of the sample as a whole, 
57.3% had no radiographic changes, whereas 
42.7% (131 patients) did. Of those, none were 
diagnosed with active tuberculosis. 

The main causes of CKD were hypertensive 
nephrosclerosis (in 22.1%), chronic 
glomerulonephritis (in 18.8%), diabetic nephropathy 
(in 17.9%), and other diseases (in 41.2%). The 
etiology of CKD had little or no impact on the 
results of the TSTs, the chi-square test having 
revealed no significant differences among the 
results of TST1, TST2, and TST3 (p > 0.05). 

When we adopted a cut-off induration ≥ 5 mm 
(for kidney transplant candidates, HIV-positive 
patients, immunosuppressed patients, and 
candidates for the use of TNF-α inhibitors), 
the prevalence of LTBI was 22.2% on TST1, 
increasing by 11.2% on TST2 (booster effect) 
and 2.8% on TST3 (TST conversion). 

When we adopted a cut-off induration ≥ 
10 mm (for CKD patients who were not kidney 
transplant candidates), the prevalence of LTBI 
was 28.5% on TST1, increasing by 9.4% on 
TST2 (booster effect) and 2.5% on TST3 (TST 
conversion). 

For the two cut-off indurations (of 5 mm 
and 10 mm), the prevalence of LTBI increased 
significantly from TST1 to TST2, as well as from 
TST2 to TST3 (p < 0.01 for both). The cumulative 
frequency (TST1 and TST2) was 33.4% (cut-off 
induration, 5 mm) and 37.9% (cut-off induration, 
10 mm), respectively (Table 1). 
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In our sample of patients with CKD, the MARI 
was 1.19%. 

There were no significant associations of age, 
etiology of CKD, hemodialysis efficiency, iron 
stores, use of vitamin D analogs, anemia, DM, 
malnutrition, date of hemodialysis initiation, 
duration of hemodialysis, HCV serology results, 
or presence of a BCG vaccination scar with the 
results of any of the TSTs (p > 0.05). 

Risk factors such as smoking, alcoholism, DM, 
use of immunosuppressants, hypoalbuminemia, 
HIV infection, and absence of a BCG scar were 
evaluated in the study population, and we found 
no statistically significant associations between 
the tests and their respective cut-off points (TST1 
induration ≥ 5 mm or ≥ 10 mm, booster effect, 
and TST conversion) when evaluated in isolation. 
The TST result was more likely to be positive 
with a cut-off point of 10 mm in association 
with alcoholism and the male gender. 

We found that TST1 induration was more 
likely to be ≥ 10 mm in males (28%) than in 
females (15%). 

We found no statistically significant 
associations between the TST response and any of 
the following: maximum ferritin levels, as measured 
annually; mean ferritin levels, as calculated on the 
basis of four quarterly measurements (typically 
performed at the center for renal replacement 
therapy); transferrin saturation; albumin levels; 
and hemoglobin levels. 

In comparison with nonsmokers, former smokers 
(31.1%) showed a trend toward TST1 positivity 
(cut-off indurations of 5 mm and 10 mm). 

Having DM was not a significant risk factor 
for LTBI. 

All of the CKD patients who were not vitamin 
D users showed a trend toward TST3 positivity 
(p = 0.033). 

The LTBI treatment abandonment rate was 
44.4%. There were no adverse reactions that 
constituted an obstacle to the use of isoniazid. 

Discussion

Between 2005 and 2006, 6 cases of tuberculosis 
occurred at our hemodialysis center, suggesting 
patient-to-patient transmission occurring in the 
cafeterias, in the procedure rooms, in the waiting 
rooms, or in the reception area. Therefore, it 
was important to determine the prevalence of 
LTBI and the risk of infection in patients with 
CKD treated at our center. 

Our sample of patients with CKD consisted 
mostly of non-White males, as has been reported 
elsewhere.(16) 

We found that a positive TST result (i.e., a 
TST1 induration ≥ 10 mm) was more likely to 
occur in males (28%), a finding that is consistent 
with those of other studies.(5,6) We found no 
association between race and the TST response. 

Nutritional data (including body mass index) 
and the etiology of CKD had no significant 
influence on the TST response, a finding that 
is consistent with those reported in previous 
studies.(5,6,8) 

In the present study, having a history of 
contact with tuberculosis (20.6%) did not coincide 
with the prevalence of tuberculosis infection, 
which was 33.4% for a cut-off induration of 5 
mm and 37.9% for a cut-off induration of 10 
mm (cumulative frequency of TST1 and TST2). 
This can be explained by a lack of awareness 
of contact. 

Our findings are consistent with those of a 
prevalence study involving elderly patients on 
hemodialysis.(5) In that study, some of the patients 
had negative TST results (anergy), which were 
attributed to advanced age or immunological 
changes caused by uremia.(5) Some of the negative 
TST results in our study might be related to uremia, 
given that the mean age of the participants was 
53 years. Despite the limitations of the TST, the 
high prevalence of tuberculosis infection warrants 
the recommendation that the test be performed 

Table 1 - Prevalence of latent tuberculosis infection in 307 patients with chronic kidney disease, Mineiro 
Institute of Nephrology, 2008-2009.a 

Results
Patients in relation to the selected cut-off point for TST induration

5 mm 10 mm
Negative 46 (63.8) 140 (59.6)
Positive 16 (22.2) 67 (28.5)
Booster effect 8 (11.2)* 22 (9.4)*
TST conversion 2 (2.8)* 6 (2.5)*
TOTAL 72 (100.0) 235 (100.0)

TST: tuberculin skin test. aValues expressed as n (%). *Chi-square test (p < 0.05).
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more carefully in CKD patients, who are at a 
high risk of active tuberculosis.(5,8) 

The 12.7% increase in the prevalence of LTBI 
from TST1 to TST2 and the 5% increase in the 
prevalence of LTBI from TST2 to TST3 were 
statistically significant (p < 0.01), suggesting the 
importance of a second test for early detection 
of LTBI and a third test for those who show no 
booster effect. The TST conversion was probably 
due to contact in the community, given that 
the incidence of tuberculosis in the city of Belo 
Horizonte is high (> 30/100,000 population), 
according to the World Health Organization,(16) 
as well as to the fact that there were no cases of 
active (transmissible) tuberculosis at our center 
during the study period. 

Some of the relevant findings of the present 
study include the fact that the prevalence of 
LTBI in patients with CKD was high and the 
fact that TST2 and TST3 significantly increased 
the detection of LTBI in individuals who had 
initially tested negative. 

Various studies have found that patients with 
CKD are at a high risk of developing tuberculosis, 
a finding that is inconsistent with those of the 
present study and that is probably due to the use 
of isoniazid in those patients who completed the 
preventive treatment or to the short follow-up 
period.(10,11,17,18) The LTBI treatment abandonment 
rate found in the present study (i.e., 44.4%) is 
consistent with the rate reported by other authors,(19) 
reinforcing the need for health policies aimed at 
improving treatment adherence in such patients. 

In the present study, we found no association 
between cases of active tuberculosis and any 
of the following: hemoglobin and hematocrit 
levels; iron stores; and positive TST results (LTBI). 
Genetic disorders in humans, such as mutations in 
ferroportin 1, can increase the risk of tuberculosis 
or negatively interfere with the response to 
treatment if there is an increase in the supply of 
iron to the macrophage. Therefore, iron status can 
play an important role in tuberculosis prevention 
and treatment, as well as in the development of 
tuberculosis vaccines.(20) 

In the present study, we found no significant 
association of the study variables (age, being 
married, etiology of CKD, dialysis efficiency, 
iron stores, anemia, DM, malnutrition, date of 
hemodialysis initiation, HCV serology results, 
and presence of a BCG vaccination scar) with 
the results of the TSTs (TST1, TST2, and TST3) 

when analyzed in isolation, a finding that is 
consistent with those of other studies.(5,18) 

False-positive reactions can occur in individuals 
vaccinated with BCG, especially after the first 
year of vaccination, when the vaccine produces 
reactions that are stronger and last longer. However, 
the reaction tends to decrease over time, and, 
if the TST is performed within 10 years or more 
after the last vaccination, the effect of BCG 
vaccination might be minimal. This probably 
did not affect the results of the present study, 
given that, in Brazil, individuals usually receive 
BCG vaccination in the first days of life.(2) 

Vitamin D deficiency probably had no role in 
reducing the cellular response (negative TST),(19) 
given that patients with vitamin D deficiency 
tended to show positive TST3 results (p = 0.033). 

Although studies have shown an association 
of tuberculosis with alcoholism and smoking,(21,22) 
our study showed no association of those variables 
with tuberculosis or LTBI, the exception being 
an association of tuberculosis and LTBI with the 
male gender and alcohol consumption when a 
cut-off induration of 10 mm was adopted. 

In the CKD patients investigated in the present 
study, the MARI was similar to that reported for 
the general population of Brazil, which suggests 
recent infection. The highest MARI in the world 
is found in sub-Saharan Africa (1.5-2.5%). In 
developed countries, the MARI is 0.1%. In South 
America, the MARI has been estimated at 0.5-1.5%. 
In Brazil, the MARI is currently 1%, being lower 
in the southern region of the country and larger 
in the southeastern, northern, and northeastern 
regions.(19) 

Although gamma interferon release assays 
and TSTs are similar in terms of their ability to 
detect LTBI, the relatively high cost and the 
need for laboratory infrastructure are some of 
the limitations of the former.(23) There is a lack 
of data on the use of gamma interferon release 
assays for detecting LTBI in patients with CKD 
undergoing hemodialysis.(9,24) In Brazil, interferon 
gamma release assays have yet to be more widely 
employed as a method for diagnosing LTBI.(3,12) 

In the present study, the TST proved to be a 
useful tool for the detection of LTBI in patients 
with CKD undergoing hemodialysis. We can 
conclude that the prevalence of LTBI in the study 
population was high and the MARI was similar 
to that reported for the general population of 
Brazil, which suggests recent infection. 
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