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ABSTRACT

Introduction: Bacillus Calmette-Guérin (BCG)
vaccination has been reported to be protective
against latent tuberculosis infection (LTBI) in
the general population. The aim of this study
was to investigate the protective effect of BCG
vaccination against LTBI in adult patients with
end-stage renal disease (ESRD) and renal
transplants.
Methods: Patients aged C 20 years with ESRD
who received hemodialysis (HD), peritoneal

dialysis (PD) or kidney transplant were enrolled
from January 2012 to December 2019 at a
medical center and a regional hemodialysis
center. Patients with active tuberculosis (TB),
previously treated TB, active immunosuppres-
sant therapy or human immunodeficiency virus
infection were excluded. LTBI status was deter-
mined by QuantiFERON-TB Gold In-tube (QFT-
GIT).
Results: After the exclusion of indeterminate
results of QFT-GIT, 517 participants were
enrolled and 97 (18.8%) were identified as
having LTBI. Participants with LTBI were older
(55.1 ± 11.4 vs. 48.5 ± 14.6 years, p\ 0.001)
and had a significantly higher proportion
receiving HD than those without LTBI (70.1%
vs. 56.7%, p = 0.001). The percentage with BCG
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scars was higher in the non-LTBI group than in
the LTBI group (94.8% vs. 81.4%, p\0.001),
whereas the neutrophil-to-lymphocyte ratio
(NLR) (C 2.68) was significantly higher in the
LTBI group (62.8% vs. 45.5%, p = 0.02). By
multivariate logistic regression analysis, pres-
ence of BCG scar and high NLR were indepen-
dent protective factors against LTBI [adjusted
OR: 0.19 (0.063–0.58, p = 0.001) and 0.50
(0.28–0.89, p = 0.02)].
Conclusion: The prevalence of LTBI was as high
as 18.8% in patients with end-stage kidney dis-
ease or kidney transplant. BCG vaccination and
high NLR might have protective effects against
LTBI in patients with renal failure or transplant.

Keywords: BCG; Latent tuberculosis infection;
Renal failure; Renal dialysis; Neutrophil-to-
lymphocyte ratio

Key Summary Points

There are few reports on the protective
effect of the bacillus Calmette-Guérin
(BCG) vaccine against latent tuberculosis
infection (LTBI) in patients with end-stage
renal disease (ESRD).

The prevalence of LTBI is as high as 18.8%
in patients with ESRD or kidney
transplant.

The BCG vaccine might provide
protection against LTBI in patients with
ESRD or kidney transplant.

The BCG booster has no additional benefit
compared with primary BCG vaccination.

High neutrophil-to-lymphocyte ration
(NLR C 2.68) might also be an
independent protective factor against
LTBI.

INTRODUCTION

Mycobacterium tuberculosis (MTB) was first iden-
tified by Robert Koch in 1821 [1]. Despite the

passing of 2 centuries, MTB remains one of the
leading pathogens in infectious diseases. It has a
profound impact on global health, with the
World Health Organization (WHO) reporting
10.6 million new cases of active tuberculosis
(TB) and 1.6 million deaths due to TB in 2021,
especially in vulnerable populations with low
socioeconomic status and crowded living con-
ditions [2]. Patients with end-stage renal disease
or transplant are at risk for TB infection and
warrant further intervention [3].

The bacillus Calmette-Guérin (BCG) vaccine
is currently the only approved vaccine that
protects against active TB. Millions of people are
vaccinated every year, and global coverage in
2020 was around 85% [4]. It is well known that
BCG vaccination has no uniform effect on the
diverse types of active TB. Numerous studies
have demonstrated clearly that BCG vaccina-
tion has the best efficacy, up to 80%, in severe
infections, such as meningeal and disseminated
active TB [5]. However, the preventive effect of
BCG vaccination against pulmonary TB was
reported to vary from zero to 90% [5]. In 2022, a
meta-analysis reported an efficacy of 18%
against all types of active TB [6]. The hetero-
geneity of the effects of BCG vaccination might
be associated with multiple factors. A meta-
analysis from Mangtani and colleagues reported
that different regions had various BCG vacci-
nation performances [7]. BCG vaccination pro-
vided better protection in the regions farther
from the equator than in those closer to it,
which might be explained partially by envi-
ronmental non-tuberculosis mycobacteria
(NTM) and the diagnostic bias of active TB [7].
In addition, the timing of the inoculation, use
of a stringent tuberculin test, waning effect of
BCG vaccination and exposure to NTM might
confound the protection afforded by BCG vac-
cination [7–10].

Before MTB reactivation, MTB infection is in
a latent status, also known as latent TB infection
(LTBI). About 5–10% of LTBI progresses to
active TB later in life. The detection and treat-
ment of LTBI is an important step to block the
transmission of MTB. The use of the BCG vac-
cine to protect against LTBI has become clearer
recently because interferon (IFN)-gamma
release assay (IGRA) has been substituted for the
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tuberculin skin test (PPD test) in many circum-
stances to diagnose LTBI without cross reaction
to BCG vaccination [11]. Studies in the USA,
Greenland and UK have reported that BCG
vaccination provides 20–75% reduction of LTBI
risk in children and young adults [12–14].
However, the BCG vaccine cannot prevent the
progression of LTBI to active TB [12, 15]. The
nature of the immunity against LTBI and active
TB conferred by the BCG vaccine still needs to
be elucidated.

Notably, the neutrophil-to-lymphocyte ratio
of peripheral blood (NLR) has been adopted as a
biomarker of systemic immunity [16]. Several
studies have shown its usefulness in predicting
the severity and prognosis in distinct popula-
tions and diseases [17, 18]. However, few studies
have investigated the role of NLR in LTBI. In
addition, the aforementioned evidence on the
effects of the BCG vaccine and NLR was gener-
ated mostly from the general population. There
is little evidence on these issues in adults at
high risk for LTBI, such as patients receiving
renal dialysis or renal transplant. To fill this gap,
we conducted a cross-sectional study in an area
with intermediate incidence of TB (incidence of
around 30 per 100,000 people in 2021) [19] to
investigate the protective effect of BCG vacci-
nation and the effect of NLR on LTBI in patients
with end-stage renal disease (ESRD) and renal
transplant.

METHODS

Patient Enrollment

This cross-sectional study was conducted in a
tertiary referral medical center and a regional
hemodialysis center in northern Taiwan. We
recruited patients aged C 20 years with ESRD
who had received hemodialysis (HD), peritoneal
dialysis (PD) or kidney transplant from January
2012 to December 2019. Patients with active TB,
previously treated TB or human immunodefi-
ciency virus (HIV) infection were excluded. The
information about previous history of TB was
collected from the participants and government
records. The study proceeded under the
approval of the Institutional Review Boards of

the Research Ethics Committees of the study
hospitals (nos. 201009057R, 201309056RINC
and 201709038RINB). All of the enrolled par-
ticipants signed informed consent forms before
the study. The study was conducted in accor-
dance with the Declaration of Helsinki.

Outcome and Determination of Latent
Tuberculosis Infection

At the time of enrollment, the presence of LTBI
was determined by IGRA test (QuantiFERON-TB
Gold In-tube [QFT-GIT], Qiagen, Germany),
which was performed according to the manu-
facturer’s instructions. QFT-GIT is composed of
three tubes: a Nil tube for negative control, a
Mitogen tube for positive control and an MTB
peptides mixture tube. The results of QFT-GIT
testing were interpreted according to the man-
ufacturer’s recommendation. The negative
control criterion of the Nil tube was IFN-gamma
response\8 IU/ml. The positive control crite-
rion was that the IFN-gamma response of the
mitogen tube minus that of the Nil tube
was C 0.5 IU/ml. After fulfilling the positive
and negative control criteria, the test was
interpreted as a positive result if the IFN-gamma
response of the MTB peptide mixture minus
that of the Nil tube was [ 0.35 IU/ml and[
25% of that of the Nil tube. In contrast, a

negative result was indicated by the IFN-gamma
response of MTB peptides mixture minus that of
the Nil tube being\0.35 IU/ml or[0.35 IU/ml,
but not [ 25%. If the positive and negative
control criteria were not met, the result was
interpretated as indeterminate.

Data Review and Definition

Demographics, clinical characteristics and lab-
oratory data at enrollment were reviewed and
recorded in a default case report form by a well-
trained research nurse. BCG scar status, which
was the indicator of BCG vaccination, was
checked by visual confirmation. Ex-smoking
was defined as the participants having quit
smoking for [ 6 months without recurrence at
the time of enrollment. Renal replacement
therapy was sorted according to whether the
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subject had received HD, PD or a kidney trans-
plantation at the enrollment. Cardiovascular
diseases included hypertension, heart failure,
coronary artery disease or arrythmia and were
identified by diagnostic code. The information
on TB exposure was collected from the partici-
pants and defined as ever having household or
workplace contacts. Hemograms and serum
albumin levels were checked according to the
dialysis care protocols of the individual study
sites. The laboratory data from routine outpa-
tient care within 1 month before or after
enrollment were collected for analysis.

Statistical Analysis

Sample size was calculated as below: a: 0.05, b:
0.2, power: 80%. The percentages of LTBI in the
BCG and non-BCG vaccination groups were
assumed to be 10% and 25% [20, 21]. The
enrollment ratio of the two groups was set to
nine. The sample size was estimated as 470. We
also estimated that around 10% of cases [20, 21]
would have indeterminate results and thus be
excluded. The total number of enrollees was 517
in anticipation of exclusion.

Statistical analysis was performed in SPSS
version 19 (IBM, Chicago, IL, USA). Categorical
items were analyzed by chi-squared test and
continuous items by Student’s t-test. One-way
analysis of variance (ANOVA) was used for
comparison of multiple groups. The cut-off
points of the neutrophil-to-lymphocyte ratio
(NLR) and ages were determined by Youden
index derived from receiver-operating charac-
teristic (ROC) curves. The crude odds ratios (OR)
were obtained by univariate logistic regression.
If variables had p\ 0.05, they entered into the
multivariate logistic regression analysis. Sub-
group analyses were tested by univariable
logistic regression test. Missing data were
neglected in the statistical analysis. Statistical
significance was set to p\0.05.

RESULTS

Enrollment of Participants

The flow chart of enrollment is shown in Fig-
ure S1. A total of 867 participants were screened,
and 548 participants received QFT-GIT tests
during the study period. Of these, 33 (6.0%)
participants were excluded because of indeter-
minate QFT-GIT results. Finally, 517 partici-
pants were analyzed, and the 97 (18.8%) who
had positive QFT-GIT results were assigned to
the LTBI group.

Clinical Characteristics of LTBI and Non-
LTBI Groups

The participants with LTBI were older than
those without LTBI (55.1 ± 11.4 vs.
48.5 ± 14.6 years, p\ 0.001), shown in Table 1.
Participants were categorized into two age
groups, those aged\60 years and those aged C

60. This categorization was defined by Youden
index and the area under the curve (AUC) of
ROC. The proportion of participants
aged C 60 years was larger in the LTBI group
than in the non-LTBI group (42.3% vs. 22.4%,
p\0.001). Sex, BMI, TB exposure and the top
three comorbidities, indicating diabetes melli-
tus (DM), cardiovascular disease and autoim-
mune diseases, were not different between the
LTBI and non-LTBI groups.

In the study population, 92.3% (477/517)
had BCG scars. Among the 477 patients with
BCG scars, 67.9% (351/477) had 1 BCG scar,
while 21.3% and 3.1% had 2 or C 3 BCG scars,
respectively. Fewer participants in the LTBI
group (79/97, 81.4%) than in the non-LTBI
group (394/420, 94.8%) had BCG scars
(p\ 0.001). Regarding BCG scar status, 45%
(18/40) of the participants with no BCG scars
had LTBI, whereas only 16.6% (79/477) of those
with BCG scars had LTBI (p\0.001) (Fig. 1).
BCG boosters (C 2 BCG scars) provided no
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significant augmentation of LTBI protection
over primary BCG inoculation (p = 0.63).

Compared with the PD and transplant
groups, the LTBI group had a significantly
higher proportion of HD than the non-LTBI
group (70.1% vs. 56.7%, p = 0.001). The preva-
lences of LTBI were also significantly different
among the HD, PD and renal transplant groups.
Participants with HD (68/306, 22.2%) had the
highest prevalence of LTBI, followed by PD and
transplantation (17/104, 16.3% and 12/107,
11.2%, respectively; p = 0.001). However, the
HD group had the smallest proportion of BCG
scars (273/306, 89.2%), followed by the PD and
transplantation groups (104/107, 97.2% and
100/104, 96.2%, respectively, p\0.001).

Characteristics of the Composition
of White Blood Cells

In all, 343 participants (66.3%) had hemogram
and serum albumin examinations within 1
month before or after the QFT-GIT test
(Table 2). Hemogram and serum albumin levels
were similar between the LTBI and non-LTBI
groups, except the lymphocyte proportion of
white blood cells. The percentages of lympho-
cytes tended to be higher in the LTBI group
than in the non-LTBI group (24.4 ± 8.1 vs.
22.1 ± 8.0, p = 0.05). The neutrophil-to-lym-
phocyte ratios (NLRs) were not significantly
different between the two groups. The cutoff
value of NLR, determined by Youden index and
AUC of ROC, was 2.68. NLR C 2.68 was defined

Table 1 Demographic characteristics of participants

Total (n = 517) LTBI (n = 97) Non-LTBI (n = 420) p value

Male 279 (54) 49 (50.5) 230 (54.8) 0.50

Age 49.7 ± 14.3 55.1 ± 11.4 48.5 ± 14.6 \ 0.001

\ 60 382 (73.9) 56 (57.7) 326 (77.6)

]60 135 (26.1) 41 (42.3) 94 (22.4)

BMI (kg/m2) 23.4 ± 4.2 23.3 ± 3.4 23.5 ± 4.3 0.75

BCG scars 477 (92.3) 79 (81.4) 398 (94.8) \ 0.001

1 351 (67.9) 58 (59.8) 293 (69.8)

2 110 (21.3) 19 (19.6) 91 (21.7)

] 3 16 (3.1) 2 (2.0) 14 (3.3)

Smoking status (yes/ex/no) 39/81/397 (7.5/15.7/76.8) 6/16/75 (6.2/16.5/

77.3)

33/65/322 (7.9/15.5/

76.7)

0.84

Renal replacement (Tx/HD/

PD)

104/306/107 (20.1/59.2/

20.7)

17/68/12 (17.5/70.1/

12.4)

87/238/95 (20.7/56.7/

22.6)

0.001

DM 86 (16.6) 17 (17.5) 69 (16.4) 0.85

CV 53 (10.3) 9 (9.3) 44 (10.5) 0.53

Autoimmune 28 (5.4) 4 (4.1) 24 (5.7) 0.31

TB exposure 33 (6.4) 5 (5.2) 28 (6.7) 0.82

Data are presented as mean ± standard deviation or number (percentage). Only the top three comorbidities are listed
BMI body mass index, BCG bacillus Calmette-Guérin vaccine, CV cardiovascular diseases, DM diabetes mellitus, Ex ex-
smoking, HD hemodialysis, LTBI latent tuberculosis infection, PD peritoneal dialysis, TB Mycobacterium tuberculosis, Tx
transplantation
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as high NLR and\2.68 as low NLR. The number
of participants with high NLR was lower in the
LTBI group than in the non-LTBI group (45.5%
vs. 62.8%, p = 0.02). Furthermore, 21.9% of
participants with low NLR had LTBI, but only
12.1% of those with high NLR had it (p = 0.02),
as shown in Fig. 1.

Analysis of Risk Factors About LTBI

Univariate analysis showed that age C 60 years
[crude OR: 2.54, 95% confidence interval (CI):
1.60–4.04, p\0.001] and hemodialysis (crude
OR: 2.26, 95% CI 1.17–4.37 in reference to PD)
were risk factors for LTBI (Table 3). BCG scar
(crude OR: 0.24, 95% CI 0.12–0.47, p\ 0.001)
and high NLR (crude OR: 0.49, 95% CI
0.28–0.88, p = 0.02) were protective factors
against LTBI. The interaction between BCG
vaccination and age was not significant (p value
of interaction was 0.33, Table S1). Because the
NLR data were available in 343 participants,
multivariate analyses were performed on the

total study population and the participants with
NLR data, respectively. BCG scar and high NLR
were significantly protective factors in both
models of multivariate logistic regression anal-
yses (adjusted OR: 0.19, 95% CI 0.063–0.58,
p = 0.001 and adjusted OR: 0.50, 95% CI
0.28–0.89, p = 0.02, respectively). In addition,
BCG vaccination and NLR were still indepen-
dent protective factors against LTBI after the
inclusion of possible clinically significant fac-
tors in the multivariate analyses (Table S2).

The subgroup analyses of the effects of BCG
vaccination and NLR on LTBI are shown in
Fig. 2A, B. The results from all subgroups,
including age, sex, DM and modality of renal
placement, mostly suggested positive effects of
BCG vaccination and high NLR on protection
against LTBI in renal failure patients.

Fig. 1 Proportions of LTBI by status of BCG vaccination,
low and high NLR groups. The numbers in the bars and
error bar represent the proportions of LTBI and standard
errors in specific groups. Risk of LTBI was significantly
higher in the low NLR subgroup than in the high NLR
subgroup. The same findings were also found when
comparing the groups with no BCG vaccination and ever

BCG vaccination. After a single BCG vaccine inoculation,
there was no significant difference in the rate of LTBI
regardless of history of BCG vaccine boosters. BCG
bacillus Calmette-Guérin vaccine, BCG 1 one dose of
BCG, BCG 2 two doses of BCG, BCG C 3 three or more
doses of BCG, LTBI latent tuberculosis infection, NLR
neutrophil-to-lymphocyte ratio
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DISCUSSION

The health policy of Taiwan has promoted BCG
vaccination within 1 year of birth since 1965. In
1966, the rate of BCG vaccination was 72.2% in
children aged 1 year, progressing to 98.6% by
2020 [22]. The present study demonstrated that
the protective efficacy of BCG vaccination
against LTBI lasts into adulthood in patients
with ESRD or kidney transplants. Meanwhile, a
high NLR might also be a protective factor
against LTBI.

The evidence that the BCG vaccine protects
against TB has mainly been derived from health
or household-contact children and young
adults without comorbidities. However, certain
risk factors of active TB and LTBI, such as HIV,
DM and ESRD, cause some degree of impair-
ment of immunity [23]. The performance of the
BCG vaccine might be questionable in such
conditions. Faurholt-Jepsen and colleagues
reported that BCG vaccination in infancy and
childhood had a protective effect in adulthood,
reducing the risk of active TB by around 70%,
irrespective of HIV status [24]. Moreover, a
community-based study from Taiwan observed
that BCG vaccination in infancy provided a
34% risk reduction of LTBI in adults with DM
aged[40 years [25]. The current study echoes a
previous study regarding the effect of BCG in

patients with renal transplantation [20] and
provides further evidence of the preventive
effect of BCG vaccination against LTBI in
patients with ESRD.

A meta-analysis by Abubakar and colleagues
reported that the effect of BCG against active TB
could last for 10 years [26]. One study in Nor-
way claimed that it could persist for 40 years
with 42% efficacy, despite the efficacy of the
BCG vaccine waning significantly 20 years after
the initial inoculation [10]. A study in Taiwan
also reported a protective effect of BCG vacci-
nation against LTBI in HIV-free adults in a study
population of prison inmates [27]. These studies
all imply that the protection afforded by BCG
vaccination persists into adulthood but also
decreases with age. The present study also
found that the LTBI prevalence was lower in
participants aged\60 years than in those
age C 60 years. The protection against LTBI
provided by BCG vaccination was present in
those aged\60 or C 60 years (Fig. 2A), and the
interaction test of age and BCG was not signif-
icant. These results might suggest that the pro-
tective effect of BCG vaccine could last into
adulthood in patients with ESRD, just like the
aforementioned findings in the general popu-
lation. However, the time impacts of BCG vac-
cination in different age groups could not be
clarified in the current study. Further studies

Table 2 Hemogram and albumin data of participants

Total (n = 343) LTBI (n = 55) Non-LTBI (n = 288) p value

WBC (/ll) 6917 ± 2212 6911 ± 1925 6918 ± 2259 0.98

Hb (g/dl) 11.6 ± 4.7 11.7 ± 2.0 11.3 ± 2.2 0.16

PLT (103/lL) 239.9 ± 297.1 221.7 ± 72.8 226.7 ± 65.0 0.64

Neutrophil (%) 66.7 ± 9.7 65.4 ± 10.0 67.0 ± 9.6 0.27

Lymphocyte (%) 22.4 ± 8.0 24.4 ± 8.1 22.1 ± 8.0 0.05

NLR 3.6 ± 2.2 3.3 ± 2.0 3.7 ± 2.2 0.15

High NLR (C 2.68) 206 (60.1) 25 (45.5) 181 (62.8) 0.02

Albumin (g/dl) 4.2 ± 0.4 4.2 ± 0.4 4.2 ± 0.5 1.0

Data are presented as mean ± standard deviation or number (percentage)
Hb hemoglobulin, LTBI latent tuberculosis infection, NLR neutrophil-to-lymphocyte ratio, PLT platelet, WBC white
blood cells
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will be needed in various regions with appro-
priately estimated sample sizes and stratifica-
tion by age.

Re-vaccination is one of the methods to
enhance self-immunity. Therefore, some
regions, including Taiwan, have adopted re-
vaccination to improve the efficacy of the BCG
vaccine [28]. However, studies in Chile and
Malawi have reported that there is no benefit to
a BCG booster against active TB [29, 30]. The
nationwide data of Finland, which stopped re-
vaccination in 1990, were used to compare re-
vaccinated and one-shot adolescents, and that
study implied that there was no significant dif-
ference in protection against active TB [31].
Therefore, the WHO in 1995 formally rescinded
its recommendation of a BCG vaccine booster
[32]. However, a survey of BCG vaccination and
LTBI in Taiwan reported that the LTBI rates of
adults stratified by age were inversely correlated
with the number of BCG scars [27]. On the

other hand, Nemes and colleagues reported that
a booster shot of the BCG vaccine in adoles-
cence did not prevent QFT positive conversion
in 2 years, but re-vaccination decreased the
persistence of QFT positive conversion for 6
months [33]. These findings might imply some
efficacy of the BCG booster against LTBI. The
current study found that a single dose of the
BCG vaccine had a protective effect against LTBI
similar to that of boosters in ESRD patients and
recipients of renal transplantation. Therefore,
the value of BCG revaccination against LTBI
might require further validation in large-scale
studies recruiting different subgroups.

Despite the abundance of research on NLR,
the normal range of NLR has yet to be deter-
mined [16]. The normal value of NLR is hard to
define partly because factors such as sex and age
influence the determination of a cut-off point
[34]. Even so, some studies have proposed that
the mean value of NLR in the normal

Table 3 Univariate and multivariate logistic regression analysis on factors associated with latent tuberculosis

Crude OR p Adjusted ORa (N = 517) p Adjusted ORb (N = 343) p

Age

] 60 2.54 (1.60–4.04) \ 0.001 2.10 (1.30–3.40) 0.003 1.45 (0.723–2.90) 0.30

\ 60 Reference Reference Reference

BCG

Presence 0.24 (0.12–0.47) \ 0.001 0.19 (0.063–0.58) 0.001

Absence Reference Reference

Renal replacement

Peritoneal dialysis Reference Reference Reference

Hemodialysis 2.26 (1.17–4.37) 0.02 1.38 (0.68–2.80) 0.37 1.44 (0.69–3.03) 0.33

Transplantation 1.55 (0.70–3.42) 0.28 0.71 (0.34–1.52) 0.38 1.92 (0.85–4.35) 0.12

NLR

High (C 2.68) 0.49 (0.28–0.88) 0.02 0.50 (0.28–0.89) 0.02

Low (\ 2.68) Reference Reference

Data are presented as odds ratio (95% of confidence interval)
BCG bacillus Calmette-Guérin vaccine, NLR neutrophil-to-lymphocyte ratio, OR odds ratio
aTotal study population; adjusted by age, BCG vaccination and dialysis modality
bThe subgroup with data of NLR; adjusted by age, high vs. low NLR and dialysis modality
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population ranges from 1.65 to 2.13 [34, 35].
The current study reported that the mean of
NLR was 3.6, which was higher than the afore-
mentioned mean value of NLR in a healthy

population. However, it was comparable to the
results from research on ESRD [36, 37]. Higher
NLR might represent the hyper-inflammatory
status in ESRD, which might be associated with

Fig. 2 Subgroup analysis of odds ratios of LTBI according
to A the presence of BCG vaccination, B high NLR. *343
participants had hemogram data. BCG bacillus Calmette-

Guérin vaccine, CI confidence interval, DM diabetes
mellitus, HD hemodialysis, NLR neutrophil-to-lympho-
cyte ratio, OR odds ratio, PD peritoneal dialysis
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atherosclerosis, endothelial dysfunction, ane-
mia or myocardial injury [37].

The immune response to MTB is a complex
interaction of innate and adaptive immunity
[38]. Neutrophils are crucial for both major
types of immunity and play an important role
in preventing MTB infection [39, 40]. A study
on active pulmonary TB found more neu-
trophils in respiratory secretions and more MTB
bacilli within neutrophils than within lym-
phocytes [39]. A study in UK reported that
neutrophil counts of peripheral blood were
inversely correlated with active TB among par-
ticipants with close contact [41]. Several animal
studies found that neutrophils acted as part of
the first line of defense as major phagocytes
against MTB bacilli. They captured MTB bacilli,
migrated to mediastinal lymph nodes and acted
with dendritic cells and lymphocytes there to
initiate the cascade of MTB immunity [42].
Studies on neutrophils and the effect of the
BCG vaccine have also suggested the impor-
tance of neutrophils in building protective
immunity, as they phagocyte injected BCG and
migrated to lymph nodes to produce adaptive
immunity [40]. NLR levels in patients with
ESRD are also positively correlated with tumor
necrosis factor-alpha and interleukin-6, which
are crucial cytokines for T-helper 1 and 17
immunity [37]. The BCG vaccine exerts some
benefits on bladder cancer, some autoimmune
diseases, Parkinsonism and other infections
such as SARS-CoV-2 [43]. It does not solely
depend on adaptive immunity to specific MTB
antigens. One of the proposed mechanisms for
the effect beyond MTB is the training of innate
immunity and the subsequent more efficient
programming of overall immunity [43]. This
may explain the benefits of both BCG vaccines
and NLR in protecting against MTB in patients
with ESRD.

In the absence of a well-established and
comprehensive registry system, the presence of
a BCG scar is a good indicator of BCG vaccina-
tion [44]. Therefore, this indicator has been
adopted in many studies [27, 29, 30]. However,
a small portion (up to 10%) of BCG vaccinations
do not produce a scar [45, 46]. The potential for
scar failure might cause errors in categorizing
BCG vaccine status. On the other hand, such

misclassification would likely occur in both
LTBI and non-LTBI groups, which might mini-
mize the bias. Further studies are needed to
examine this possibility in assistance of a well-
organized vaccine registration system.

The limitations of the study must be con-
sidered. First, the data were confined to a ter-
tiary-care hospital and a regional hemodialysis
clinic. Thus, they may not be representative of
the entire population of patients with ESRD.
Second, only about two thirds of the partici-
pants had data on hemograms and differential
counts of blood leukocytes because hemogram
examinations were not required in the study
protocol. This may weaken the statement of the
protective effect of NLR in patients with ESRD.
However, the reported data on NLR in the cur-
rent study were comparable with those of pre-
vious studies [36, 37]. Third, the sequences of
BCG, NLR and LTBI acquisition were not clearly
identified in this cross-sectional study, so no
causal relationship can be confirmed in the
present study. In addition, data on the time
since BCG vaccination were unavailable, so we
could not assess the influence on LTBI. Fourth,
the study was conducted in Taiwan, an area
with intermediate TB prevalence, so further
generalization to other areas or ethnicities
should be applied only after validation. Lastly,
because there was no evidence of an association
between continuous NLR and LTBI, we classi-
fied the dichotomy of NLR using the Youden
index for clinical decision in ESRD and renal
transplantation. The finding of high NLR pro-
tecting from LTBI in ESRD was a preliminary
result which needs to be further assessed.

CONCLUSIONS

BCG vaccination and high NLR level were
found to be independent factors protecting
against LTBI in patients with ESRD or kidney
transplant. BCG vaccination boosters conferred
no additional benefit against LTBI compared
with one-time vaccination. The NLR of patients
with ESRD was higher in those without LTBI
and was possibly correlated with reduction in
risk of LTBI by nearly half if the level was
C 2.68. Further validation is needed.
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