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Summary

Resistance to intracellular pathogens such as Mycobacterium leprae is depen-
dent upon an effective T helper type 1 (Th1)-type immune response. On the
other hand, intestinal helminths are known to subvert the host’s immune
response towards to either a Th2-type immune response or a regulatory T cell
up-regulation, which may affect the host’s ability to mount an effective
response to mycobacteria. Here, we report a significant association between
intestinal helminth infections and lepromatous leprosy [odds ratio (OR),
10·88; confidence interval (CI) 95%: 4·02–29·4; P < 0·001]. We also observed
that the frequency of intestinal helminths correlated strongly with the myco-
bacterial index (r = 0·982, P < 0·01). Corroborating with our hypothesis,
intracellular levels of interferon-g were decreased significantly in leprosy
patients co-infected with intestinal helminths when compared to leprosy
patients without worms. Conversely, lepromatous leprosy patients with intes-
tinal worms produced higher levels of both interleukin (IL)-4 and IL-10. Our
results suggest that a pre-existing infection by intestinal helminths may facili-
tate the establishment of M. leprae infection or its progression to more severe
forms of leprosy.
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Introduction

Leprosy is a multi-spectral disease presenting, at opposing
poles, the tuberculoid and lepromatous clinical forms. Cell-
mediated immune response is an important aspect of host
resistance to mycobacterial infection, and is regulated tightly
by a balance between T helper type 1 (Th1), Th17 and Th2
cytokines. Interferon (IFN)-g, produced by Th1 and natural
killer (NK) cells in response to IL-12, activates macrophages
(MF) and plays a pivotal role in anti-mycobacterial immune
responses. In contrast, production of IL-10 during bacterial
infection has been shown to suppress production of inflam-
matory mediators and to aid the development of Th2-type
immunity. Th1 response predominates in patients with
tuberculoid leprosy and has been associated with the
observed resistance to Mycobacterium leprae displayed by
these subjects. On the other hand, patients with the lepro-
matous form, characterized by an absent or inept cytotoxic T
cell response, develop a Th2 immune response [1,2].

When individuals living in two distinct geographic areas
with similar leprosy prevalence were compared, a higher fre-
quency of lepromatous leprosy was observed among those

residing in filarisis hyperendemic area [3]. Both human and
experimental helminthic infections are characterized
by elevated plasmatic IgE titres, peripheral blood and/or
tissue eosinophilia and mastocytosis, and are associated
usually with either a strong Th2, regulatory T cell (Treg)
up-regulation or an impaired Th1/Th17 response [4–7]. In
humans, helminthic infections have been also associated
with an immunological hyporeactivity state [8–11]. Con-
sidering that an effective anti-Mycobacterium tuberculosis
(MTB) immunity is dependent upon an intact Th1/Th17-
type immunity, it is possible that a pre-existing infection
with intestinal worms could facilitate a subsequent mycobac-
terial infection and/or its progression to more severe forms,
via up-regulation of Treg cells or Th2-type cytokine produc-
tion [2,4–10,12,13]. Active tuberculosis (TB) has been asso-
ciated with the expansion of CD4+CD25high+, a subset of Treg

cells, which may participate in the suppression of MTB-
specific T cell responses, observed frequently among
pulmonary TB patients [14]. Interestingly, it has been dem-
onstrated that Treg frequencies are also augmented in nema-
tode infections [15,16], and that antigen-specific Treg cells
contribute to the immunosuppression associated with
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chronic onchocerciasis [16]. Recently, Babu et al. [16] dem-
onstrated that Th-1- and Th-17-type responses were down-
modulated by filarial co-infection in patients with
pulmonary TB through an increase in the expression of pro-
grammed death-1 (PD-1) and cytotoxic T lymphocyte
antigen-4 (CTLA-4), also associated with Treg cells and
hyporeactive state in TB patients [10].

A significant association between intestinal helminthic
infections and different bacterial infections, such as pulmo-
nary tuberculosis, multi-bacillary leprosy and staphylococcal
pyomiositis, was reported previously by our group [11,17–
19]. We have demonstrated that multi-bacillary leprosy
prevalence is significantly higher among patients with intes-
tinal helminth infections when compared to patients
without intestinal worms [17]. A direct correlation [odds
ratio (OR) = 2·99, 95% confidence interval (CI) = 1·82–4·95,
P = 0·000] between the presence of helminthic infection and
multi-bacillary leprosy was also observed [17], corroborat-
ing the hypothesis that chronic immune activation caused by
the intestinal worms may hinder the onset/maintenance of
an effective immune response against mycobacteria. Data
from these previous studies helped us to design a prospective
study to investigate the prevalence of helminthic infections
among leprosy patients and their healthy household con-
tacts, and to evaluate if T cell activation status and cytokine
profile from tuberculoid leprosy patients harbouring or not
intestinal helminths were altered.

Materials and methods

Subjects and samples used

One hundred and five adult, consecutive, treatment-naive
leprosy patients, residents in the Metropolitan Region of
Vitória, Espírito Santo State, attending the Leprosy Reference
Center at the Santa Casa de Misericordia, Vitória, Espirito
Santo state, Brazil, were invited to participate in the current
study. A group of 146 age- and gender-matched household
contacts from enrolled patients were also invited to partici-
pate as healthy controls (at least one household contact per
leprosy patient was enrolled). Signed informed consent was
obtained from all patients and household contacts prior to
their enrolment. The present study was approved by the
Internal Review Board at the Universidade Federal do
Espírito Santo. Three consecutive stool samples from all
patients and household contacts provided for intestinal hel-
minth infection evaluation, which was carried out by three
different methods: sedimentation (Hoffman, Ponz and
Janner), Kato-Katz and Baerman techniques [20].

Leprosy patients were grouped according to their clinical
form, following the criteria described at the Leprosy Control
Manual from the Brazilian Ministry of Health [21]. Addi-
tionally, patients were also grouped according to their bacil-
loscopic index (Ridley and Joplin index) as paucibacillary
(negative bacilloscopy results, including patients with either

indeterminate or tuberculoid leprosy) or as multi-bacillary
(positive bacilloscopy, including patients with dimorphous
and lepromatous clinical forms) [22].

Assessment of intracellular cytokines in ex-vivo
samples stimulated with polyclonal stimuli

Intracellular cytokine profiles were assessed using specific
fluorescent staining and flow cytometry, as described else-
where [23]. Briefly, 30 ml peripheral blood samples were
collected from 24 leprosy patients, 12 with tuberculoid and
12 with lepromatous leprosy. In both patient groups, tuber-
culoid and lepromatous, half (six in each group) the patients
were also positive for intestinal helminths and the other half
helminth-negative. Peripheral blood mononuclear cells were
separated and stimulated polyclonally in vitro (106 cells/well)
with phorbol myristate acetate (PMA) (Sigma, St Louis, MO,
USA) and ionomycin (Sigma) for 4 h at 37°C, 5% CO2. Intra-
cytoplasmatic staining was achieved post-treatment with
Brefeldin A and following cell permeabilization, through the
use of fluorescein isothiocyanate (FITC)-labelled anti-IL-4
and anti-IFN-g monoclonal antibodies (Becton & Dickin-
son, La Jolla, CA, USA) used in conjunction with surface
staining phycoerythrin (PE)- and peridinin chlorophyll
(PerCP)-labelled monoclonal antibodies specific for cell
surface markers (CD3, CD4 and CD8). Fluorescence was
assessed using a fluorescence activated cell sorter (FACS)
Calibur (Becton & Dickinson) gated for lymphocytes.

Antigens

Preparations from both Ascaris lumbricoides crude soluble
extract antigens (kindly donated by Dr Cristiano Lara,
CPqRR- Fiocruz, Belo Horizonte, Minas Gerais, Brazil) and
from M. leprae sonicate, cytosol and cell wall fractions
(kindly donated by Dr John Spencer, Colorado State Univer-
sity, Fort Collins, CO, USA) were sonicated, sterilized by
0·2 mm filtration (Millipore, Bedford, MA, USA), checked for
endotoxin presence, adjusted to a final concentration of
1 mg/ml, aliquoted and stored at -70°C until use as specific
stimuli [24]. Staphylococcal enterotoxin B (SEB; 0·5 mg/ml)
from Staphylococcus aureus was purchased from Sigma and
used as polyclonal stimulus.

In vitro cell proliferation assays

Considering that the presence of intestinal helminths could
interfere with Th-1-type immune responses in leprosy
patients, fresh whole blood cells (WBC) from 14 tuberculoid
leprosy patients, characterized by Th1-type immunity, were
stimulated (5 ¥ 106 cells/ml) in 15-ml polypropylene culture
tubes (Falcon® tubes; Becton & Dickinson) in the presence
of either media alone, SEB (1 mg/ml), Ascaris lumbricoides
soluble antigens (10 mg/ml) or M. leprae cytosol fraction
(10 mg/ml). Stimulated WBC samples were incubated at
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37°C, 5%CO2 for 6 h. After 2 h incubation, 10 ml of a 1:10
dilution in 1¥ phosphate-buffered saline (PBS) of Brefeldin
A (Sigma) was added to each tube and 50 ml of a 200-mM
solution of ethylenediamine tetraacetic acid (EDTA) at the
end of the incubation period.

Assessment of intracellular cytokine production after
specific stimulation with M. leprae and A. lumbricoides
antigens

Anti-human CD3 (clone SK7), CD4 (clone SK3), CD8 (clone
SK1), CD69 (clone L78) and immunoglobulin (Ig)G1 (clone
X40) monoclonal antibodies were obtained from Becton
Dickinson Immunocytometry Systems (BDIS, San Jose, CA,
USA). Antigen-stimulated WBCs (100 ml) were incubated at
room temperature (RT) with a combination of monoclonal
antibodies for 15 min protected from light, and then treated
with a haemolytic buffer (FACS lysing solution; BDIS) for
another 10 min. Cells were washed and resuspended in cold
washing buffer [0·5% bovine serum albumin (BSA), 0·1%
sodium azide, 1¥ PBS; pH 7·2] to remove cell debris and
monocytes. Cells were fixed in 4% paraformaldehyde for
10 min and rinsed twice in cold washing buffer. Cytokine-
specific monoclonal antibodies, IFN-g (clone 25723.11),
IL-10 (clone JES3-19F1), IL-4 (clone 3010.211) and IL-5
(clone JES1-39D10) were obtained from BDIS. Cell samples
were analysed using FACScalibur flow cytometry (BDIS)
equipped with an argon laser for four-colour detection.
Acquisition and analysis were performed using CellQuest
software (BDIS). Flow cytometry data (50 000 events per
sample) were analysed using CellQuest software (BDIS).

Statistical analysis

Statistical analysis was performed using spss (Statistical
Package for the Social Sciences), version 10·0 for Windows.
ORs were calculated to evaluate the association of intestinal
helminth and protozoan infection with different forms of
leprosy compared to healthy household contacts. Logistic
regression analysis was used to assess the association
between leprosy patients and intestinal helminth infection,
intestinal protozoan infection, age and gender. A P-value

equal to or smaller than 0.05 was considered statistically
significant in all analyses.

Results

Patients’ demographics

Treatment-naive leprosy patients (n = 105) were separated
according to their mycobacterial index and clinical form: (a)
paucibacillary patients (n = 64), 20 (19%) indeterminate and
44 (41·9%) tuberculoid leprosy (TL) cases; and (b) multi-
bacillary patients (n = 41), 14 (13·4%) dimorphous and 27
(25·7%) lepromatous leprosy (LL) cases (Table 1).

The frequency of individuals harbouring at least one
intestinal helminth was significantly higher among leprosy
patients when compared to household contacts (Table 2).
Infection with at least one intestinal helminth species was

Table 1. Gender and age distribution for both leprosy patient and

healthy household contact (HHC) groups.

Groups n

Age

Mean (�s.d.) Median Range

Healthy HHC 146 40·60 � 15.63 38·5 18–78

Males 73 41·05 � 16.26 42·0 19–76

Females 73 40·15 � 15.08 37·0 18–78

Leprosy (all) 105 42·51 � 15.59 43·0 18–88

Males 53 40·75 � 15.51 39·0 18–88

Females 52 44·31 � 15.61 44·0 18–84

Indeterminate 20

Males 05 40·4 � 12.22 46·0 22–51

Females 15 39·4 � 14.47 41·0 18–60

Tuberculoid 44

Males 23 39·3 � 14.71 38·0 19–64

Females 21 41·33 � 13.61 39·0 18–63

Dimorphous 14

Male 07 49·71 � 13.82 51·0 34–72

Female 07 54·14 � 13.09 49·0 43–73

Lepromatous 27

Male 18 39·22 � 17.74 35·0 18–88

Female 09 51·78 � 19.48 46·0 18–84

s.d.: standard deviation.

Table 2. Frequency of intestinal parasites in the studied groups.

Groups n

Helminths

OR (CI 95%)†‡ P‡

Protozoans

OR (CI 95%)† PPos Neg Pos Neg

Healthy HHC§ 146 10 136 26 120

Leprosy (all forms) 105 24 81 4·03 (1·83–8·85) 0·000 16 89 0·83 (0·42–1·63) 0·59

Indeterminate leprosy 20 05 15 4·53 (1·36–15·03) 0·02 0 20 0·82 (0·76–0·88) 0·046

Tuberculoid leprosy 44 05 39 1·74 (0·56 –5·40) 0·34 10 34 1·35 (0·59–3·09) 0·46

Dimorphous leprosy 14 02 12 2·26 (0·44–11·55) 0·28 02 12 0·76 (0·16–3·64) 1·000

Lepromatous leprosy 27 12 15 10·88 (4·02–29·40) 0·000 04 23 0·80 (0·25–2·51) 1·000

†Odds ratio (OR) [confidence interval (CI) 95%] compared to healthy HHC group. ‡Data statistically different (P < 0·05) are represented in bold.
§HHC: healthy household contacts. Statistical significance is depicted by bold types.
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diagnosed in 24 (22%) of 105 leprosy patients. A. lumbri-
coides infection was reported in 15 patients, Strongyloides
stercoralis in five and hookworms in four patients. By con-
trast, only 10 (6·8%) of 146 household contacts were para-
sitized, three with A. lumbricoides, three with S. stercoralis,
three with Trichuris trichiura and one with Enterobius
vermicularis. By contrast, frequency of infection by intestinal
protozoans did not differ between the two groups (Table 2).
Because the observed frequency of intestinal protozoan
(Giardia lamblia and Entamoeba spp.) infection did not
differ between leprosy patients and their household contacts,
we may assume that both groups were living under the same
risk of acquiring intestinal parasites.

Considering that intestinal helminths were more preva-
lent among patients with leprosy when compared to house-
hold contacts, the correlation of bacillary load with intestinal
worm prevalence was investigated. Frequency of intestinal
helminthic infection was significantly higher among multi-
bacillary patients (34·1%) when compared to either pauci-
bacillary patients (15·6%; OR = 3·78; CI 95% 1·23–11·90;
P = 0·000) or household contacts (6·8%; OR = 7·62; CI 95%
2·79–21·08; P = 0·000) (Table 2). As expected, when com-
pared to healthy household contacts, lepromatous patients
presented the highest frequency of intestinal helminth infec-
tion (50%; OR = 10·88; CI 95% 4·02–29·40; P = 0·000), fol-
lowed by patients with the indeterminate form of the disease
(20·8%; OR = 4·53; CI 95% 1·36–15·03; P = 0·02) (Table 2).
In order to rule out both age and gender influence, logistic
regression analysis was performed, demonstrating that
co-infection with intestinal helminths was the only variable
associated significantly with leprosy (OR = 3·955, CI 95%
1·772–8·827, P = 0·001) (Table 3). Additionally, a significant
correlation was observed between bacillary load and the
presence of intestinal helminths (Fig. 1a).

Assessment of intracellular cytokines in ex-vivo
samples stimulated with polyclonal stimuli

Peripheral blood mononuclear cells (PBMC) were stimulated
polyclonally in vitro, and the frequency of cells expressing

intracellular IFN-g, IL-10, IL-4 and IL-5 was assessed
(Fig. 1b). Data from cytokine intracellular staining indicate
that leprosy patients, both tuberculoid and lepromatous
co-infected with intestinal helminths (TL+H and LL+H,
respectively), regardless of their clinical form, produce sig-
nificantly lower levels of IFN-g (P < 0·005) when compared to
leprosy patients without helminths (TL or LL) (Fig. 1b).
Conversely, both TL+H and LL+H patients displayed a sig-
nificant increase of intracellular IL-4 (P < 0·005) when com-
pared to TL and LL, respectively (Fig. 1b). Intracellular IL-10
levels were close to twofold higher in LL+H patients
(P < 0·003) when compared to LL, TL and TL+H patients
(Fig. 1b). As opposed to the observed pattern for both IL-4
and IL-10 levels, elevated in leprosy patients co-infected with
intestinal worms, IL-5 levels did not differ significantly
(Fig. 1b).

Phenotypical evaluation of the early activation marker
CD69 on either CD4+ or CD8+ T cells after specific
stimulation with M. leprae and A. lumbricoides
antigens

Considering that both human and experimental helminthic
infections are associated with an up-regulation of Th2
immunity, and that an effective immune response against
leprosy is dependent upon Th1 immunity, we decided to
investigate whether the presence of intestinal worms could
interfere on the activation status and the production of Th-1
cytokine in TL patients. Initially, CD4+ and CD8+ cell fre-
quencies as well as the expression of CD69 after stimulation
with either M. leprae or A. lumbricoides antigens were evalu-
ated in TL and TL+H patients (Fig. 2a). Although the fre-
quency of activated CD4+ T cells increased after stimulation
with M. leprae antigens, it was only significant among TL+H
patients (Fig. 2b). On the other hand, frequency of activated
CD8+ T cells was not affected, regardless of antigen or patient
group.

Although WBC stimulation with M. leprae or A. lumbri-
coides antigens led to a reduction in CD69 expression by
CD4+ cells on both TL and TL+H patients, this reduction was

Table 3. Logistic regression analysis of intestinal parasite infection, age and gender among leprosy patients and HHC groups.

Variables

Leprosy patients

(n = 105)

Healthy HHC†

(n = 143) OR (CI 95%)‡ P§

Age

18–30 43 32 1·322 (0·674–2·594) 0·417

31–50 68 46 0·898 (0·481–1·676) 0·735

>50 32 27 Reference

Gender

Female 52 73 1·058 (0·628–1·783) 0·831

Intestinal parasites

Protozoans 16 26 1·056 (0·526–2·121) 0·878

Helminths 24 10 3·955 (1·772–8·827) 0·001

†HHC: healthy household contacts. ‡Odds ratio (OR) for age was calculated considering individuals older than 50 years as reference. §Data

statistically different (P < 0·05) are represented in bold type. CI: confidence interval. Statistical significance is depicted by bold types.
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significant only for A. lumbricoides antigen (Fig. 2b). Con-
versely, CD69 expression by CD8+ cells was not affected by A.
lumbricoides antigen; however, a significant reduction of
CD8+CD69+ cell frequency was observed among TL patients
stimulated with M. leprae antigen (Fig. 2b).

Assessment of intracellular cytokine production after
specific stimulation with M. leprae and A. lumbricoides
antigens

Because stimulation with A. lumbricoides antigen altered the
activation status of CD4+ T cells (Fig. 2b). The effect of spe-
cific stimulation with either M. leprae or Ascaris lumbricoides
antigens on cytokine production was assessed in WBC from
TL and TL+H patients (Fig. 3a). In contrast to TL patients,
TL+H patients displayed a weakened capacity to produce
IFN-g when stimulated, regardless of stimuli (Fig. 3b).

On the other hand, a significant increase of both CD4+IL-
10+ and CD8+IL-10+ T cells was the hallmark when WBCs
from TL+H patients were stimulated with A. lumbricoides
antigen. Interestingly, the observed frequency of CD4+IL-10+

and CD8+IL-10+ cells after stimulation with A. lumbricoides
antigen was greater than when SEB was used (Fig. 3b).

Discussion

In the present work, we report a significant age- and gender-
independent association between intestinal helminthic
infection and either multi-bacillary or lepromatous leprosy
patients, confirming previous observations [3,17]. A similar
frequency of intestinal protozoan infection was observed for
leprosy patients and their household contacts, indirect evi-
dence that both groups were living under the same risk of
acquiring intestinal parasites.

Data presented here support the hypothesis that intesti-
nal helminths may disturb the immune regulation through
the onset of a hypoergic/anergic state, which in turn could
facilitate subsequent infections or disease progression to
severe forms [23,24]. Intestinal helminths are known to
elicit a strong systemic Th2 response or to up-regulate Treg

activity, which are normally associated with a weakened
Th1 immunity [4,8–10,14,25,26]. Activation and main-

Fig. 1. (a) Correlation between mycobacterial

index and the frequency of intestinal helminths

in leprosy patients (n = 105); and (b)

assessment of intracellular interferon (IFN)-g,

interleukin (IL)-4, IL-10 and IL-5 in

phytohaemagglutinin (PHA) + ionomycin-

stimulated peripheral blood mononuclear cells

(PBMC) culture from leprosy patients

co-infected or not with intestinal helminths by

flow cytometry. LL: lepromatous leprosy

patients; LL+H: intestinal helminth-infected

lepromatous leprosy patients; TL: tuberculoid

leprosy patients; TL+H: intestinal

helminth-infected tuberculoid leprosy patients.

IFN-γ

2·5

2·0

1·5

1·0

0·5

0·0

IL-4

IL-10 IL-5

F
ol

d 
in

cr
ea

se

TLTL + HLL + H LL

TLTL + HLL + H LL

TLTL + HLL + H LL

TL

r = 0·982

3+/4+ 5+/6+1+/2+

Mycobacterial index

50

40

30

20

10

0
0

F
re

qu
en

cy
 o

f i
nt

es
tin

al
 h

el
m

in
th

s
(%

)

P < 0·01

(a)

(b)

Groups

P < 0·05
P < 0·05 P < 0·05

P < 0·05

P < 0·03
2·5

2·0

1·5

1·0

0·5

0·0
TL + HLL + H LL

2·5

2·0

1·5

1·0

0·5

0·0

7·0
6·0
5·0
4·0
3·0
2·0
1·0
0·0

L. M. Diniz et al.

146 © 2010 British Society for Immunology, Clinical and Experimental Immunology, 161: 142–150



tenance of a Th1-type immune response, pivotal for a suc-
cessful response against mycobacteria, may be hindered in
co-infected patients by a strong Th2 response and/or Treg

up-regulation mediated by intestinal worms. Therefore, it is
possible that an existing infection with intestinal helminths
may facilitate a subsequent infection by M. leprae or its
progression to more severe forms of leprosy [2,13]. Data
presented here demonstrated that the frequency of cells
expressing intracellular Th2 cytokines, such as IL-4 and
IL-10, in WBC from leprosy patients co-infected with intes-
tinal helminths (LL+H and TL+H) were higher than those
from patients without worms (LL and TL). Interestingly,

although the frequency of cells expressing intracellular IL-4
and IL-10 were elevated in SEB-stimulated cultures from
LL patients, these patients presented the lowest intracellular
IFN-g level.

The frequency of intracellular IFN-g+ cells in TL and LL
patients PBMC cultures stimulated with SEB were approxi-
mately twofold higher than those TL+H and LL+H patients,
respectively, further evidence that Th1 immunity is down-
modulated during intestinal helminthic infection. On the
other hand, frequency of intracellular IL-4+ cells in LL+H
and TL+H patients were twofold higher than LL and TL
patients, respectively.

Fig. 2. Phenotypic analysis of whole blood

cultures from tuberculoid leprosy (TL) and

tuberculoid leprosy patients co-infected with

intestinal helminths (TL+H) by flow cytometry.

(a) Scatter plots of CD4+CD69+ expression on T

cells from TL patients stimulated with either

medium alone, Staphylococcal enterotoxin B

(SEB), Mycobacterium leprae or Ascaris

lumbricoides antigens. Numbers in quadrants

depict the observed cell frequency; and (b)

frequencies of CD4+, CD8+, CD4+CD69+ and

CD8+CD69+ T cells from both TL and TL+H

patients after stimulation with SEB, M. leprae

(ML) or A. lumbricoides (AL) antigens.
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Recently, Babu et al. [12] reported that the presence of an
active filarial infection was associated with a diminished pro-
duction of IL-17 and IL-23 in response to mycobacterial
antigens. According to these authors filaria-induced CTLA-4
and PD-1, which are associated closely with Treg cells, appear
to exert a potent bystander effect on immune responses
against mycobacterial antigens in patients with latent TB.
Data from these authors concur with previous results from
Borkow et al. [10], who demonstrated that immune cells
from highly immune-activated individuals (harbouring
intestinal helminths) were defective in several signalling
responses, all of which gradually restored following anti-
helminthic treatment. Peripheral blood mononuclear cells
(PBMCs) from these individuals showed poor transmem-
brane signalling, increased expression of CTLA-4, decreased
beta-chemokine secretion by CD8+ cells after stimulation
and reduced proliferation to recall antigen stimulation. The

data provided here add further evidence of impaired T cell
activation, through the observed CD69 down-regulation in
WBC from both TL and TL+H patients when stimulated
with A. lumbricoides antigen, which may be due to a Th2
and/or Treg effect resulting from exposure to intestinal helm-
inth antigens.

The existence of a hypoergic state in co-infected patients is
supported by our data, demonstrating that IFN-g+CD4+ or
IFN-g+CD8+ T cell frequencies were reduced dramatically
among TL+H patients, even when SEB, a polyclonal stimu-
lus, was used as opposed to the observed increased CD4+IL-
10+ and CD8+IL-10+ cell frequencies (Fig. 2b). Although an
increased CD8+IL-10+ frequency was not expected, naive
CD8 T cells activated in the presence of basophils differen-
tiate efficiently into IL-10-producing cells [27].

It has been reported that Tregs can be induced to regulate
responses to pathogens such as Leishmania, helminths and

Fig. 3. Intracellular assessment of interferon

(IFN)-g and interleukin (IL)-10 on whole blood

cultures from tuberculoid leprosy (TL) and

tuberculoid leprosy patients co-infected with

intestinal helminths (TL+H) by flow cytometry

frequencies. (a) Scatter plots of intracellular

assessment of IFN-g and IL-10 on whole blood

cultures from tuberculoid leprosy (TL) and

tuberculoid leprosy patients co-infected with

intestinal helminths (TL+H) stimulated with

either medium alone, Mycobacterium leprae or

Ascaris lumbricoides antigens by flow cytometry.

Numbers in quadrants depict the observed cell

frequency. Numbers in quadrants depict the

observed cell frequency; and (b) frequencies of

both CD4+ and CD8+ T cells from both TL and

TL+H patients producing IFN-g or IL-10 after

stimulation with Staphylococcal enterotoxin B

(SEB), M. leprae (ML) or A. lumbricoides (AL)

antigens.
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M. tuberculosis [16,28–31]. It is possible that intestinal hel-
minth infections, in addition to promoting a strong
up-regulation of Th2-type immune responses, also stimulate
Tregs, which could interfere with T cell activation through the
suppression of Th1-type responses. Although the role of Tregs

was not investigated in the present study, indirect evidence,
such as IL-10 levels in LL+H patients, may indicate a possible
role for Tregs, suggesting that Treg participation in leprosy
should be evaluated further. We have demonstrated that
intestinal helminth infection have a negative impact on M.
tuberculosis-specific immune responses during active tuber-
culosis [11]. Decreased CD4+ T cell frequencies accompanied
by lower IFN-g, elevated IL-10 levels in WBC from TB
patients co-infected with intestinal helminths compared to
TB patients, were demonstrated by some of us. In addition to
a depressed anti-MTB immunity, TB patients co-infected
with intestinal helminths also presented severe radiological
pulmonary disease, indicating that concomitant intestinal
helminth infection in TB patients skewed their immune
response towards a Th2 profile, favouring a persistent MTB
infection and a more protracted clinical course of the
disease.

Data presented suggest that infection by intestinal helm-
inths could facilitate infection by M. leprae and/or disease
progression towards the lepromatous pole, the more severe
form of leprosy. Although data discussed here represent
groups of patients and controls from a single endemic area,
it indicates the existence of a significant association between
the presence of intestinal helminths and multi-bacillary
leprosy. Our results support the implementation of anti-
helminthic strategies in endemic areas, which may improve
both general health and reduce the burden of mycobacterial
infections. Investigations on Th2/Treg up-regulation in
co-infected patients (leprosy + intestinal helminthes) are
being conducted, and may further the knowledge about the
negative impact of intestinal worms in mycobacterial
infections.
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