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Coexistent Helminth Infection—-Mediated Modulation of
Chemokine Responses in Latent Tuberculosis

Anuradha Rajamanickam,* Saravanan Munisankar,* Yukthi Bhootra,*
Chandra Kumar Dolla,Jr Thomas B. Nutman,iE and Subash Babu**

Coexistent helminth infections are known to modulate T cell and cytokine responses in latent infection with Mycobacterium
tuberculosis. However, their role in modulating chemokine responses in latent tuberculosis (LTB) has not been explored. Because
chemokines play a vital role in the protective immune responses in LTB, we postulated that coexistent helminth infection could
modulate chemokine production in helminth-LTB coinfection. To test this, we measured the levels of a panel of CC and CXC
chemokines at baseline and following mycobacterial Ag or mitogen stimulation in individuals with LTB with (Strongyloides
stercoralis*LTB") or without S. stercoralis (S. stercoralis" LTB") infection and in individuals without both infections, healthy
controls (HC). At baseline (in the absence of a stimulus), S. stercoralis*LTB* individuals exhibited significantly diminished
production of CCL1, CCL2, CCL4, CCL11, CXCL9, CXCL10, and CXCL11 in comparison with S. stercoralis"LTB* and/or
HC individuals. Upon mycobacterial Ag stimulation, S. stercoralis*LTB* individuals exhibited significantly diminished production
of CCL1, CCL2, CCL4, CCL11, CXCL2, CXCL9Y, and CXCL10 in comparison with S. stercoralis” LTB* and/or HC individuals.
No differences were observed upon mitogen stimulation. Finally, after anthelmintic treatment, the baseline levels of CCL1, CCL2,
CCL4, CCL11, and CXCL11 and mycobacterial Ag—stimulated levels of CCL1, CCL2, CCL11, CXCL2, and CXCL10 were
significantly increased in S. stercoralis*LTB* individuals. Thus, our data demonstrate that S. stercoralis*LTB* individuals are
associated with a compromised ability to express both CC and CXC chemokines and that this defect is at least partially reversible
upon treatment. Hence, coexistent helminth infection induces downmodulation of chemokine responses in LTB individuals with

likely potential effects on tuberculosis pathogenesis. The Journal of Immunology, 2019, 202: 1494-1500.

elminth infections are major modulators of immune re-

H sponses with the ability to regulate both innate and
parasite-specific adaptive immune responses and, perhaps

as a consequence, to establish long-standing infection. With chronic
helminth infections, it has been demonstrated that the regulatory
environment driven by parasite Ags drives modulation of the im-
mune response to bystander Ags. For example, helminth infections
are known to modulate Mycobacterium tuberculosis—specific T cell
and cytokine responses in both latent and active tuberculosis (TB).
Moreover, this bystander modulation of M. fuberculosis—specific re-
sponses can be reversed, to some degree, with anthelmintic treatment.
Chemokines are felt to play a major role in latent TB (LTB)
infection as they appear to be critical in the formation and
maintenance of quiescent granulomas (1) and in the recruitment of
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cells from the periphery for positioning within the granuloma (2).
Establishment of the TB granuloma is controlled by the synchro-
nized expression of various chemokines. This synchronization has
recently been shown to be critical in control of TB disease along
with CD4* T cells recruitment into the lung parenchyma (3-5).
CCL1, CCL2, CCL3, and CCL4 have been shown to be increased in
M. tuberculosis infection and these chemokines also mediate den-
dritic cell trafficking to the lymph nodes (6, 7). CXCL9, 10, and
11 play a potential role in granuloma formation and maintenance as
well (8, 9). Human data support a protective role for CXCR3-
binding chemokines as CXCL9 levels correlate with disease se-
verity (10, 11). Moreover, chemokine levels in the circulation are
known to influence the ability of the host immune response to
maintain protective immunity in LTB (12). Finally, defects in the
production of certain chemokines have been associated with in-
creased susceptibility to M. tuberculosis in animal models (13).
‘We hypothesized that helminth infection would modulate the levels
of protective chemokine responses in LTB and thereby predispose to
an increased risk of developing active TB. We thus examined the
levels of the CC and CXC family of chemokines in LTB with or
without Strongyloides stercoralis infection. Our data clearly dem-
onstrate the modulation by S. stercoralis of M. tuberculosis—specific
chemokine responses and its reversal following anthelmintic therapy.

Materials and Methods
Study population

We studied a group of 40 individuals with LTB infection and S. stercoralis
coinfection (hereafter, S. stercoralis'LTB"), 40 with LTB infection without
S. stercoralis infection (hereafter, S. stercoralis” LTB*) and 30 healthy
controls (HC). This study was conducted in South India, and the indi-
viduals were screened as part of a protocol in a rural village in the suburbs
of Chennai. All enrolled individuals were between 18 and 65 y old. The
recruited individuals did not have diabetes, HIV, or other parasitic
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infections. LTB was diagnosed based on positive results of a tuberculin
skin test and QuantiFERON (QFT) TB Gold in tube, with no symptoms
or signs of active TB, no history of previous TB, and normal chest ra-
diographs. Tuberculin skin test was performed using two tuberculin units
of Tuberculin Purified Protein Derivative RT 23 Serum Statens Institute.
A positive skin test was defined as an induration of at least 12-mm di-
ameter based on the previously determined cutoff norms for South India
(14). QFT was performed according to the manufacturer’s instructions
(Qiagen). Hematology was performed on all individuals using the Act5
Diff Hematology Analyzer (Beckman Coulter). S. stercoralis infection
was diagnosed by the presence of IgG Abs to the recombinant NIE Ag as
described previously (15, 16, 20). This was further confirmed by stool
microscopy. A single stool sample was obtained and examined for in-
testinal helminth infection by Kato—Katz technique. Stool samples found
to be negative for other intestinal helminths by stool microscopy and
positive for S. stercoralis infection by serology were then subjected to
specialized stool examination with nutrient agar plate cultures. Only the
individuals who were positive for S. stercoralis infection by both
serology and nutrient agar culture plate technique were selected for this
study. Also, filarial infections were excluded by TropBio ELISA. All
individuals were from the same socioeconomic status. All S. stercoralis—
infected individuals were treated with a single dose of ivermectin
(12 mg) and albendazole (400 mg), and follow-up blood draws were
obtained 6 mo later. Following anthelmintic treatment, parasitological
examinations were repeated after 6 mo to confirm successful chemo-
therapy. All individuals were examined as part of a clinical protocol
approved by the Institutional Review Board of the National Institute for
Allergy and Infectious Diseases and the National Institute of Research in
Tuberculosis (NCT00375583 and NCT00001230), and informed written
consent was obtained from all individuals.

QFT ELISA

Whole blood obtained from S. stercoralis'LTB*, S. stercoralis " LTB*, and HC
individuals was incubated in vitro with media alone (unstimulated) or a mixture
of TB Ags (ESAT-6, CFP-10, and TB 7.7 [TB Ag]) or mitogen (PHA) for 18 h,
according to the manufacturer’s instructions using the QFT kit (Qiagen). The
baseline (unstimulated) or TB Ag or mitogen-stimulated whole blood super-
natants were then used to analyze the levels of chemokine panel using a Hu-
man Magnetic Luminex Assay Kit from R&D Systems. The parameters
analyzed were CCL1, CCL2, CCL3, CCL4, CCL11, CXCL1, CXCL2,
CXCL9, CXCL10, and CXCL11. The net chemokine levels were calculated
by TB Ag stimulation or mitogen minus unstimulated levels.

Statistical analysis

Geometric means and/or medians were used for measurements of central
tendency.

Statistically significant differences between the three groups were analyzed
using the Kruskal-Wallis test with Dunn post hoc for multiple comparisons.
Statistical differences before and after treatment were analyzed using the Wil-
coxon signed rank test, followed by Holm correction for multiple comparisons.

Results

Study population characteristics

The baseline demographics of the study population and hema-
tological parameters are shown in Table I. There were no
differences in age or sex or body mass index between the groups
or in their hematological parameters, with the exception of the

Table I. Baseline demographics of study population
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absolute eosinophil counts in which the S. stercoralis'LTB* had
higher eosinophil counts when compared with S. stercoralis” LTB*
and HC (p = 0.0354). In contrast, the S. stercoralis'LTB™ individuals
had a significantly smaller purified protein derivative skin test in-
duration in comparison with S. stercoralis LTB* individuals
(Table I).

LTB/S. stercoralis coinfection is associated with diminished
baseline (unstimulated) levels of CC and CXC chemokines

To determine the influence of S. stercoralis infection at baseline levels
of CC and CXC chemokines in LTB individuals, we measured the
baseline (unstimulated) levels of CCL1, CCL2, CCL3, CCL4,
CCL11, CXCL1, CXCL2, CXCL9, CXCL10, and CXCLI1 in
S. stercoralis'LTB*, S. stercoralis” LTB* and HC individuals. As
shown in Fig. 1, the S. stercoralis"LTB* group had significantly lower
spontaneous production of CCL1 (Fold change of 0.63), CCL2 (0.11),
CCL4 (0.63), CCLI11 (0.15), CXCL9 (0.32), CXCL10 (0.69) and
CXCLI11 (0.38) when compared with the S. stercoralis  LTB* group.
The baseline levels of CCL3, CXCL1, and CXCL2 did not show any
significant difference between the S. stercoralis"LTB™ and S. stercor-
alis " LTB" individuals. Thus, LTB/S. stercoralis coinfection is associ-
ated with diminished levels of certain CC and CXC chemokines.

S. stercoralis coinfection alters CC and CXC chemokine
production in response to TB Ag stimulation

To determine the influence of S. stercoralis infection on Ag-stimulated
levels of CC and CXC chemokines in LTB individuals, we measured
the TB Ag—stimulated levels of CCL1, CCL2, CCL3, CCL4, CCL11,
CXCL1, CXCL2, CXCL9, CXCLI10, and CXCL11 in S. stercor-
alis'LTB*, S. stercoralis  LTB* and HC individuals (Fig. 2). The net
chemokine levels were calculated by TB Ag stimulation minus
unstimulated levels. As shown in Fig. 2, S. stercoralis infection was
associated with significantly lower levels of CCL2 (fold change of
0.41), CCL4 (0.59), CCL11 (0.24), CXCL2 (0.24), CXCL9 (0.32),
and CXCL10 (0.56) in the TB Ag—stimulated cultures in comparison
with those from the S. stercoralis LTB* group. The TB antigenic
stimulated levels of CCL1, CCL3, CXCL1, and CXCL11 were not
significantly different between S. stercoralis"LTB* and S. stercor-
alis" LTB" individuals. We also assessed the changes in chemokine
levels following TB Ag stimulation in comparison with unstimulated
levels at the individual level in S. stercoralis"LTB* individuals. As
shown in Supplemental Fig. 1A, the levels of all the CC and CXC
chemokines were significantly increased upon TB Ag stimulation in
S. stercoralis'LTB" individuals. Thus, LTB/S. stercoralis coinfection
is associated with altered levels of CC and CXC chemokines.

Chemokine response to mitogens is similar across all groups

To determine the influence of S. stercoralis infection on mitogen-
stimulated levels of CC and CXC chemokines in LTB individuals,

Study Groups S. stercoralis"LTB™* S. stercoralis” LTB* HC p Value
Number 40 40 30
Gender (male/female) 20/20 20/20 15/15
Median age (range) 38 (20-60) 36 (20-60) 35 (30-60)
BMI 19 (18.6-21.5) 21 (18.8-23.4) 23 (19.0-24.5)
Tuberculin skin test (mm) 14 (12-18) 19 (14-24) <5 (14) 0.0264
QFT ELISA Positive (=0.35 TU/ml) Positive (=0.35 TU/ml) Negative (=0.35 TU/ml)
WBC 10*/ml GM (range) 12.14 (7.1-21.2) 11.52 (7.2-19.1) 10.37 (6.9-15.4) NS
Hb gm/dl GM (range) 11.9 (8.4-13.3) 14.28 (10-21.8) 12.11 (9.1-14.6) NS
Eosinophil count, cells/ml GM (range) 550 (80-3880) 380 (75-3185) 280 (70-2710) 0.0354

The values shown represent the geometric mean and range, except for age (median and range).

BMI, body mass index; GM, geometric mean; gm, gram; Hb, hemoglobin.
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CHEMOKINES IN HELMINTH-LATENT TB INFECTION
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FIGURE 1. LTB/S. stercoralis coinfection is associated with diminished baseline (unstimulated) levels of CC and CXC chemokines. The baseline (unstimulated)

levels of CC (CCL1, CCL2, CCL3, CCLA4, and CCLI11) and CXC (CXCL1, CXCL2, CXCL9, CXCL10, and CXCL11) chemokines were measured by multiplex
ELISA in S. stercoralis'LTB* (n = 40), S. stercoralis LTB* (n = 40), and HC (n = 30) individuals. The data are represented as scatter plots, with each circle rep-
resenting a single individual (dark gray, S. stercoralis'L'TB™; light gray, S. stercoralis LTB*; pale gray, HC). All p values were calculated using the Kruskal-Wallis test.

we measured the PHA-stimulated levels of CCL1, CCL2, CCL3,
CCL4, CCLI11, CXCLI, CXCL2, CXCL9, CXCLI10, and CXCL11
in S. stercoralis'LTB™, S. stercoralis” LTB", and HC individuals.
The net chemokine levels were calculated by mitogen stimulation
minus unstimulated levels. As shown in Fig. 3, the PHA-stimulated
levels of the CCL1, CCL2, CCL3, CCL4, CCL11, CXCL1, CXCL2,
CXCL9, CXCL10, and CXCL11 chemokines were not significantly
different among the two groups. We also assessed the changes in
chemokine levels following mitogen stimulation in comparison with
unstimulated levels at the individual level in S. stercoralis"LTB*

individuals. As shown in Supplemental Fig. 1B, the levels of all the
CC and CXC chemokines were significantly increased upon mitogen
stimulation in S. stercoralis"LTB" individuals.

Anthelmintic treatment significantly increases the
spontaneously produced CC and CXC chemokine levels in
S. stercoralis*LTB* individuals

To assess whether the diminished chemokine levels associated with
S. stercoralis infection in LTB could be reversed following an-
thelmintic therapy, we measured the CC and CXC chemokines in
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FIGURE 2. . stercoralis coinfection alters CC and CXC chemokine production in response to TB Ag stimulation. The TB Ag—stimulated levels of CC
(CCL1, CCL2, CCL3, CCL4, and CCL11) and CXC (CXCL1, CXCL2, CXCL9, CXCL10, and CXCL11) chemokines were measured by multiplex ELISA
in S. stercoralis'LTB" (n = 40), S. stercoralis" LTB* (n = 40), and HC (n = 30) individuals. The data are represented as scatter plots, with each circle
representing a single individual (dark gray, S. stercoralis'LTB*; light gray, S. stercoralis  LTB*; pale gray, HC). All p values were calculated using the
Kruskal-Wallis test. The net chemokine levels were calculated by TB Ag stimulation minus unstimulated levels.
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FIGURE 3. Chemokine response to mitogens is similar across all groups. The mitogen-stimulated levels of CC (CCL1, CCL2, CCL3, CCL4, and
CCL11) and CXC (CXCL1, CXCL2, CXCL9, CXCL10, and CXCL11) chemokines were measured by multiplex ELISA in S. stercoralis"LTB* (n = 40),
S. stercoralis” LTB" (n = 40), and HC (n = 30) individuals. The data are represented as scatter plots, with each circle representing a single individual (dark
gray, S. stercoralis'LTB™; light gray, S. stercoralis” LTB"; pale gray, HC). All p values were calculated using the Kruskal-Wallis test. The net chemokine
levels were calculated by mitogen stimulation minus unstimulated levels.

S. stercoralis"LTB™ before (pretreatment [pre-T]) and 6 mo after
anthelmintic therapy (posttreatment [post-T]). As shown in
Fig. 4, CCL1 (p = 0.0166), CCL2 (p = 0.0427), CCL4
(p = 0.0030), CCL11 (p = 0.0003), and CXCL11 (p = 0.0003)

levels are significantly increased at post-T compared with pre-T
levels. The levels of CCL3, CXCLI1, CXCL2, CXCL9, and
CXCLI10 levels were not significantly different between pre-T
and post-T. Thus, anthelmintic therapy of S. stercoralis infection
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FIGURE 4. Anthelmintic treatment significantly increases the spontaneously produced CC and CXC chemokine levels in S. stercoralis*LTB* indi-
viduals. The baseline (unstimulated) levels of CC (CCL1, CCL2, CCL3, CCL4, and CCL11) and CXC (CXCL1, CXCL2, CXCL9, CXCL10, and CXCL11)
chemokines were measured by multiplex ELISA in S. stercoralis'LTB* individuals at pre-T (n = 40) and 6 mo post-T (n = 40) time points. The data are
represented as line graphs, with each line representing a single individual. All p values were calculated using the Wilcoxon signed rank test.
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FIGURE 5. Anthelmintic treatment significantly increases the CC and CXC chemokine levels upon TB Ag stimulation in S. stercoralis'LTB* indi-
viduals. The TB Ag-stimulated levels of CC (CCL1, CCL2, CCL3, CCL4, and CCL11) and CXC (CXCLI1, CXCL2, CXCL9, CXCL10, and CXCLI11)
chemokines were measured by multiplex ELISA in S. stercoralis'LTB" individuals at pre-T (n = 40) and 6 mo post-T (n = 40) time points. The data are
represented as line graphs, with each line representing a single individual. All p values were calculated using the Wilcoxon signed rank test. The net
chemokine levels were calculated by TB Ag stimulation minus unstimulated levels.

results in increased levels of spontaneously expressed CC and CXC
chemokines in S. stercoralis"LTB™ individuals following treatment.

Anthelmintic treatment significantly increases the CC
and CXC chemokine levels upon TB Ag stimulation in
S. stercoralis”LTB™ individuals

To examine the effect of treatment on chemokines in S. stercor-
alis'LTB* individuals upon M. tuberculosis Ag stimulation following
anthelmintic therapy, we examined the TB Ag-stimulated levels of
CC and CXC chemokines in S. stercoralis"LTB* at baseline and 6
mo after anthelmintic therapy. The net chemokine levels were cal-
culated by TB Ag stimulation minus unstimulated levels. As shown in
Fig. 5, S. stercoralis'LTB* individuals had significantly increased
levels of CCL2 (p = 0.0384), CCL11 (p = 0.0022), CXCL2
(p = 0.0037), and CXCL10 (p = 0.0032) at post-T compared with
pre-T levels. There was no significant differences between the levels
of CCL3, CCL4, CXCL1, and CXCL9 between pre-T and post-T.
Thus, anthelmintic therapy of S. stercoralis infection results in in-
creased levels of TB Ag—stimulated CC and CXC chemokines in S.
stercoralis'LTB" individuals following treatment.

No significant alterations following anthelmintic treatment
upon mitogen stimulation in S. stercoralis” LTB" individuals

To examine the effect of treatment on chemokines in S. stercoralis'LTB*
individuals following mitogenic stimulation following an-
thelmintic therapy, we examined the mitogen-stimulated
levels of CC and CXC chemokines in S. stercoralis"LTB* at
baseline and 6 mo after anthelmintic therapy. The net che-
mokine levels were calculated by mitogen stimulation minus
unstimulated levels. As shown in Fig. 6, the levels of CC and

CXC chemokines were not significantly different between pre-T
and post-T individuals.

Discussion

Helminth infections are potent modulators of the immune re-
sponse, and various studies have been performed to determine the
potential effect of helminth infection on the antimycobacterial
protective immune response (17-19). Geographically, S. ster-
coralis infection commonly overlaps with M. tuberculosis (20),
and mice infected with S. stercoralis have been shown to exhibit
impaired immune responses to TB infection (21). The TB
granuloma is the prototypical characteristic of tuberculous
disease and generates an immune micro environment, which
contains a number of cell types including macrophages,
neutrophils, lymphocytes, and B cells, among others (22). De-
velopment of the TB granuloma is controlled by the harmonized
expression of the chemotactic cytokines denoted as chemokines.
Chemokine expression creates a chemical gradient that allows for
mobilization and recruitment of cells from peripheral organs to the
site of infection and within the granuloma (3). Chemokines, cat-
egorized within four families (C, CC, CXC, and CX3C), are es-
sential in regulating inflammation, leukocyte recruitment, and
antimicrobial immunity (23, 24).

M. tuberculosis infection of macrophages results in the pro-
duction of CC chemokines, and these are essential for inhibition of
bacterial growth (6). Previous studies have shown that CCL2 and
CCL11 levels were lower in TB patients when compared with
LTB individuals, a diminution that can stabilize following com-
pletion of antituberculous treatment (25). The levels of CCL2
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FIGURE 6. No significant alterations of chemokines following anthelmintic treatment upon mitogen stimulation in S. stercoralis"LTB* individuals. The
mitogen-stimulated levels of CC (CCL1, CCL2, CCL3, CCL4, and CCL11) and CXC (CXCL1, CXCL2, CXCL9, CXCL10, and CXCL11) chemokines
were measured by multiplex ELISA in S. stercoralis'LTB* individuals at pre-T (n = 40) and 6 mo post-T (n = 40) time points. The data are represented as
line graphs, with each line representing a single individual. All p values were calculated using the Wilcoxon signed rank test. The net chemokine levels

were calculated by mitogen stimulation minus unstimulated levels.

were diminished in coinfected individuals, and CCL2 appears to
play a vital role in retaining the architecture of granuloma in
latent infection (26) and plays a crucial role in protective im-
munity against M. tuberculosis (27-29). Thus, depressed levels
of CCL2 might impair immunity in S. stercoralis*LTB* indi-
viduals. CXC chemokines have been shown to be involved in the
accumulation of activated memory T cells, aid in promoting
Thl-associated immune responses (30), and are involved in
granuloma formation (31, 32). CXCL2 levels were diminished in
S. stercoralis"LTB* individuals, which is known to recruit neu-
trophils to the site of infection (33, 34) and is also one of the
important regulators of host innate immune response during
mycobacterial infection (35). Thus, diminished levels of CXCL2
might lead to impairment in the immunity to latent infection. In
our study, the levels of CC chemokine (such as CCL1, CCL3,
CCL4, and CCL11) and CXC chemokine (such as CXCL2,
CXCL9, CXCL10, and CXCLI11) levels were significantly di-
minished in S. stercoralis*LTB* individuals. The CC chemo-
kines (CCL3, CCL4, CCLS5, and CCL8) as well as the CXC
chemokines (CXCL9, CXCL10, and CXCL11) are upregulated in
M. tuberculosis—infected mice (12, 36). These chemokines play an
important role in the recruitment of T cells and other cells to the
lung during early infection. These data suggested that stimulation of
chemokines in response to inflammatory signals produced by
M. tuberculosis infection could facilitate the control of M. tuberculosis
infection (36). In contrast, in our study, the levels of CCL3,
CCL4, CXCL9, CXCL10, and CXCLI11 levels were significantly
diminished in coinfected individuals, which might affect the
recruitment of T cells and other cells to the lung and thereby
facilitate susceptibility to TB infection.

In our study, the levels of CC chemokines and CXC chemokines
were significantly diminished in S. stercoralis'LTB* individuals when
compared with S. stercoralis LTB™. This suggests that S. stercoralis
infection could cause perturbations in the recruitment of immune
cells to the site of infection, which, in turn, could lead to compro-
mised immune responses. Interestingly, the post-T data also confirm a
direct association of helminth infections on the modulation in the
levels of most of the above-mentioned chemokines in that they in-
creased following successful anthelmintic treatment. Our data also
indicate that altered levels of these CC chemokines could potentially
modify the recruitment of monocytes and T cells and the diminished
levels of the CXC chemokines might be due to compromised ability
to drive T cell recruitment to the lungs in S. stercoralis'LTB* indi-
viduals. S. stercoralis infection might induce perturbation in neutro-
phil recruitment and have the ability to modulate granuloma
maintenance and integrity by altering the levels of CXCR3 li-
gands, which reflect as diminished levels of CXC chemokines. In
addition, our data suggest that S. stercoralis infection—induced
alteration in chemokines levels in response to TB Ags could have
an indirect effect on the maintenance and stability of granulomas
in helminth-TB coinfections. This is directly validated by data
from mouse models of TB infection in which alterations in che-
mokine levels underlie disruption of protective immunity to TB
(37). Finally, our data on mitogen-stimulated chemokines provides
evidence that LTB individuals with or without S. stercoralis
coinfection do not differ in the ability to produce chemokines per
se, but, rather, express certain chemokines at differential levels
upon latent infection or in vitro restimulation.

Because distinct chemokines govern the specific recruitment of
diverse immune cells to the lung, our study showing alterations
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of multiple chemokines (more specifically diminution) leads us to
speculate that anti-TB immune responses engendered in LTB
individuals might be compromised as a result of helminth coin-
fection. This speculation is reinforced by our data on the revers-
ibility (at least partially) of the levels of different chemokines
following anthelmintic therapy. In summary, our study clearly
demonstrates that S. stercoralis infection is associated with altered
levels of chemokines at baseline and up on TB antigenic stimu-
lation. Although our study does not prove a causal relationship, it
does propose evidence of a significant effect of S. stercoralis
infection on the modulation of chemokines expression and function.
Our data add to the mounting list of immunological mechanisms by
which coexistent helminth infections can modulate responses in
LTB. Our data also suggest that treatment of helminth infection
would be advantageous in the conduct of TB vaccine trials in TB
and helminth coendemic countries.
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Supplementary Figure 1. LTBI/Ss co-infection is associated with increased levels of CC and CXC chemokines after antigenic stimulation.
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(A) The unstimulated and TB-antigen stimulated levels of CC (CCL1, CCL2, CCL3, CCL4, CCL11) and CXC (CXCL1, CXCL2, CXCL9, CXCL10, CXCL11)
chemokines were measured by in Ss+LTB+ (n=40) individuals and the levels are shown for each individual. (B) The mitogen stimulated levels of CC
(CCL1, CCL2, CCL3, CCL4, CCL11) and CXC (CXCL1, CXCL2, CXCL9, CXCL10, CXCL11) chemokines were measured by in Ss+LTB+ (n=40) individuals and
the levels are shown for each individual. The data are represented as line graphs with each line representing a single individual.
(light grey — Ss +LTB+ UNS (Unstimulated) and dark grey — Ss +LTB+ TB-antigen stimulation. P values were calculated using the Wilcoxon signed rank test.



