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Blood donor samples (1,007) were assessed for anti-phenolic glycolipid 1 (PGL-1) IgM antibodies and Mycobacterium leprae
DNA presence, which had 3.8% and 0.3% positivity, respectively. After a 5-year follow-up period, six individuals with positive
markers developed leprosy, raising the hypothesis that asymptomatic infection among blood donors may be an undisclosed
mode of leprosy transmission via transfusion.

Leprosy is one of the oldest infectious diseases known to affect
humans and remains a public health issue, particularly in Bra-

zil, which accounts for almost all new cases detected in the Amer-
icas (1).

Untreated leprosy patients are considered the main source of
transmission. However, the dichotomy between the highly effec-
tive treatment and the occurrence of new cases among people
without previous contact with patients indicates that other infec-
tious sources must be investigated (2).

The majority of exposed individuals will not develop the dis-
ease, although cumulative evidence demonstrates widespread dis-
semination of bacilli in regions where leprosy is endemic,
strengthening the hypothesis that asymptomatic individuals are
involved in the Mycobacterium leprae chain of transmission (3).

Serological reactivity to M. leprae antigens has been used as an
immunological marker for exposure and infection (4). Seroposi-
tivity for antibodies against phenolic glycolipid 1 (PGL-1), M.
leprae-specific cell surface antigenic molecule has been correlated
to a greater chance for later onset of leprosy among household
contacts of leprosy patients (5).

Studies regarding the detection of M. leprae DNA in peripheral
blood samples are scarce. It has recently been suggested that
whole-blood nested-PCR amplification could be used for early
diagnosis of leprosy (6) and that the presence of M. leprae DNA in
peripheral blood may be associated with bacillary migration and a
high risk for disease onset (7).

There are no published data on the assessment of randomly
selected healthy blood donors for any kind of M. leprae marker.
Therefore, this is the first epidemiological study to assess donor
blood samples for the presence of antibodies against M. leprae and
bacillary DNA through enzyme-linked immunosorbent assay
(ELISA) and real-time PCR, respectively.

Subjects were screened from a population of 1,035 blood do-
nors at the regional blood bank of Uberlandia, Minas Gerais, Bra-
zil. All subjects had normal dermatoneurological clinical exami-
nations, and 28 people who reported prior contact with leprosy
patients were excluded from the study. The reported new-case
detection rate in the Uberlandia region was 11 per 100,000 popu-
lation.

A total of 1,007 peripheral blood samples were assessed for the
presence of anti-PGL-1 antibodies and M. leprae DNA. Indirect

ELISA against M. leprae native PGL-1 molecule was applied to
detect specific IgM antibodies in serum samples, according to pre-
viously described methodology (4). Detection of DNA was per-
formed with a species-specific TaqMan primer/probe assay target-
ing the repetitive region RLEP element of dispersed repeats in the
M. leprae genome, as previously described (8).

For specificity analysis, DNA templates from microbial cul-
tures and clinical samples (Mycobacterium tuberculosis, M. gor-
donae, M. fortuitum, M. avium, Plasmodium falciparum, P. vivax,
Leishmania braziliensis, L. amazonensis, Trypanosoma cruzi, Para-
coccidioides braziliensis, and newborn human blood) were evalu-
ated for PCR cross-reactions. Basic Local Alignment Search Tool
(www.ncbi.nlm.nih.gov/BLAST/) was employed to confirm that
primers were M. leprae specific. A sample with a known concen-
tration of M. leprae DNA and amplification of human NRAMP1
(Homo sapiens solute carrier family 11 member 1, SLC11A1
[NG_012128.1]) gene was used as the PCR positive control. In
order to avoid false-positive results, positive samples from healthy
donors were confirmed using a second primer set targeting an-
other M. leprae- specific fragment of 130 bp in the repetitive re-
gion RLEP3, as previously described (9). No cross-reactivity was
observed with any other organism assessed, and BLAST results for
the PCR primers confirmed species-specific alignment to only the
M. leprae genome.

Thirty-eight individuals (3.8%) presented positive results for
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anti-PGL-1 ELISA, and PCR positivity among blood donors was
0.3% (3/1,007). Individuals with positive results were informed
that they did not have the disease, but they were invited to partic-
ipate in a 5-year follow-up, with collection of new samples and a
clinical dermatoneurological examination at least once a year. The
confirmed positive blood units were not used for transfusions and

were discarded. When participants presented more than one pos-
itive result during follow-up, they underwent slit-skin smear sam-
pling for M. leprae detection.

Five out of nine donors that were continuously seropositive for
anti-PGL-1 and one with a positive PCR that became seropositive
developed leprosy during follow-up (6/41 [14.6%]), but only one

TABLE 1 Anti-PGL-1 serology (ELISA) and Mycobacterium leprae DNA detection (PCR) in 41 blood donors who presented positive markers in
2009 and were followed up for at least 5 years (2009 to 2014)

Donor no.

ELISA follow-up (yearly) PCR (blood)
PCR slit-skin
smeara

Mitsuda testf

(mm)
Disease onset
(clinical manifestationb)2009 2010 2011 2012 2013 2009

01 � � � � � � � 8 No
02 � � � � NDd � ND 9 No
03 � � � � �e � � 7 Yes (I)
04 � � � � �e � � 10 Yes (T)
05c � ND ND ND ND � ND ND No
06 � ND ND ND � � � 10 No
07 � � � � � � � 10 No
08 � ND � � � � ND 8 No
09 � � ND ND ND � � 5 No
10 � � � � � � � 5 No

11 � ND ND ND ND � ND 4 No
12 � � � � � � � 5 No
13 � � � � � � � 7 No
14 � ND ND ND � � ND 12 No
15 � ND ND ND � � ND 0 No
16 � � � � � � � 7 No
17 � � � ND ND � ND 8 No
18c � ND ND ND ND � ND ND No
19 � ND ND ND � � � 7 N
20 � � � � �e � � 11 Yes (BT)

21 � � � � � � � 9 N
22 � � � � � � � 9 No
23 � � � � � � � 7 No
24c � ND ND ND ND � ND ND No
25 � � � � � � � 10 No
26 � ND ND � � � � 10 No
27 � ND ND � � � ND 9 No
28 � � � � � � � 10 No
29c � ND ND ND ND � ND ND No
30 � � � � � � � 9 No

31 � ND ND ND ND � � 0 No
32 � � � � � � � 8 No
33 � ND ND ND ND � ND 13 No
34 � � � � �e � � 6 Yes (BT)
35 � � � � �e � � 0 Yes (BT)
36c � ND ND ND ND � ND ND No
37 � � � � � � ND 10 No
38 � ND ND ND ND � ND 10 No
39 � � � � �e � � 13 Yes (I)
40 � � � � � � ND 9 No
41c � ND ND ND ND � ND ND No
a Criteria for PCR in slit-skin smears: PCR was performed in individuals positive for both ELISA and PCR or with two positive ELISA results.
b Clinical manifestation: T, tuberculoid leprosy; BT, borderline-tuberculoid leprosy; I, indeterminate leprosy.
c Blood donors who did not return for analysis.
d ND, test not done due to participant’s decision.
e Disease onset.
f The Mitsuda test involves an intradermal injection of a heat-killed M. leprae suspension. As the cell-mediated immunity is closely related to the clinical manifestation of leprosy,
the response elicited against M. leprae antigens can be visually observed 28 days later by the formation of a nodular epithelioid granuloma at the site of injection. Multibacillary
(MB) patients often do not show any reaction, and at the opposite end of the spectrum, paucibacillary (PB) patients usually display strong positive reaction. For healthy individuals,
a positive response to the Mitsuda test is associated with greater chance of protection against disease.
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was positive for both tests during follow-up (Table 1). Out of the
five individuals who initially presented positivity to anti-PGL-1
and later became ill, two showed little variation in the anti-PGL-1
titers throughout the follow-up, while three tended to increase the
ELISA titration (Fig. 1).These six new cases were subjected to
other confirmatory tests and presented positivity for M. leprae
DNA in slit-skin smears and skin biopsy specimens, providing
strong evidence that subclinical infection progressed to disease.
Four out of the six new cases presented abnormalities in electro-
neuromyography that indicated sensory nerve damage, leading to
the clinical classification tuberculoid leprosy (T) (1) or border-
line-tuberculoid leprosy (BT) (3), and two did not present any
abnormalities and were classified indeterminate (I).

During the 5-year follow-up period, we performed an exten-
sive search in the database of the notified cases of leprosy in Brazil
(National System of Diseases Notifications, Ministry of Health)
for donors who presented negative results in the initial evaluation.
We identified only one donor who was diagnosed with leprosy
among those with negative results (1/966 [0.1%]).

The test performance results for the ELISA anti-PGL-1 were
sensitivity of 0.83 (95% confidence interval [CI], 0.36 to 0. 97),
specificity of 0.97 (95% CI, 0.95 to 0.98), positive likelihood ratio
of 25.20 (95% CI, 15.43 to 41.16), and odds ratio of 146.21 (95%
CI, 16.61 to 1,286.9; P � 0.0001). The test performance results for
PCR in blood samples were sensitivity of 0.5 (95% CI, 0.08 to
0.91), specificity of 0.998 (95%CI, 0.993 to 0.999), positive likeli-
hood ratio of 242.0 (95% CI, 34.12 to 1,716.3), and odds ratio of
482.5 (95% CI, 21.74 to 10,707.02; P � 0.0001).

The seropositivity observed in our study was slightly higher
than that observed in a recent study sampling healthy controls
(1/35), which assessed serum samples for antibodies against a
PGL-1 synthetic antigen (ND-O-BSA) (6). It is important to em-
phasize that the case detection rate in the Uberlandia region was
10-fold higher than that in Yunnan province, and the absolute
number of new leprosy cases detected in Brazil was 30-fold higher
than the number detected in China (1). Additionally, our blood
donor population was more representative and does not present
any specific subgroups, such as health care professionals or food
handlers (6). Discrepancies may also be the result of our larger

sampling. The same study did not report PCR positive results
among the healthy controls, although household contacts pre-
sented a PCR positivity of 6.25% (6/96) (6). Not surprising, in
addition to living in the same dwelling, household contacts often
share similar conditions of nutrition, social status, hygiene, and,
in some cases, consanguinity.

Compared with the prevalence of other diseases with manda-
tory notification at blood centers, our findings presented rates
similar to those observed for hepatitis C virus (HCV) and hepatitis
B virus (HBV) and higher than the rates observed for human
immunodeficiency virus (HIV) and Chagas disease (10).

Blood donors are usually individuals with above-average
health, and, as expected, most of those exposed to M. leprae do not
develop disease. Once M. leprae has successfully entered the
bloodstream and before the appearance of leprosy signs or symp-
toms, it remains a subclinical infection, which can spontaneously
heal or progress to disease. In this period, it is plausible that these
healthy carriers play a role in the chain of transmission and con-
tribute to the maintenance of bacillary burden in regions where
leprosy is endemic (3).

Potentially infective viable bacilli have been isolated from pe-
ripheral blood samples of untreated leprosy patients (11), and our
findings draw attention to the potential transmission of bacilli via
transfusions. Although probably uncommon, blood transmission
should be considered, particularly when considering that transfu-
sion recipients are almost always hospitalized individuals who re-
quire great care and are vulnerable to infections.

There are no reports of M. leprae blood transmission, but there
are several reports of leprosy manifestation in individuals after
they have undergone organ transplantation (12–18). However,
these studies did not investigate the origin and quality of the blood
received by these patients during the surgical procedure nor the
origin of the transplanted organs, i.e., whether the donors were
from regions where leprosy is endemic.

Our findings emphasize the importance of serological and
DNA-based techniques for the assessment and confirmation of
diagnosis in suspected and early cases of leprosy. The anti-PGL-1
detection was the trigger for the investigation of skin smear sam-
ples for the presence of M. leprae DNA by PCR. This has led to
early diagnosis and treatment, thus preventing nerve damage and
interrupting the transmission. Diagnosis was determined by a
committee of medical specialists for leprosy based on clinical and
laboratory evaluations.

We advise that in countries where leprosy remains a public
health problem, these tests be performed in the screening of all
samples collected at blood banks, particularly in regions where the
disease is highly endemic. The success of a leprosy control pro-
gram must be supported by prevention, early diagnosis, treat-
ment, and interruption of transmission. Hence, we underscore
our previous recommendation for the adoption of chemoprophy-
laxis as a disease prevention strategy and to promote clearance of
bacilli in close contacts of leprosy patients and in those with
asymptomatic infection, consequently disrupting transmission of
the disease (3, 5, 7).
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