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Abstract 
Background: The concomitant presence of intestinal parasite infections (IP) 
and tuberculosis (TB) has relevance. M. tuberculosis immune response is as-
sociated with type 1 T helper cell (Th1) while IP is associated with type Th2 
cell. However, there are several contradictory reports on cytokine production 
under coinfection and this could be in association to the mycobacterial anti-
gens used in the studies. Aim: To get insight into the effects of different M. 
tuberculosis-specific antigens (ESAT-6/CFP-10 and 38 kDa/CFP-10) in gene-
rating of appropriate cytokines on peripheral blood mononuclear cells of 
IPTB co infected patients. Method: ELISA assessed IFN-γ and other 16 cyto-
kines production and plasm IgE. In 18 months, we documented demographic, 
economic, clinical characteristics and IP frequency in individuals from Brazil. 
Results: An overall 10/35 (28.5%) were IPTB co infected and 40/76 (52.6%; p 
= 0.024) asymptomatic intestinal parasite infected community controls 
(IPCC). Endolimax nana (40%) and Entamoeba coli (22%), were the most 
nonpathogenic protozoan identified and Entamoeba histolytica, Giardia intes-
tinalis, Ascaris lumbricoides and Strongyloides stercoralis were the pathogenic 
species (40%). IgE was higher in IPCC (p = 0.036). Cytokine profiles were sig-
nificantly biased toward a Th2 type IL-5 (p = 0.001) and IL-13 (p = 0.033), 
pro-inflammatory GM-CSF (p = 0.019) and borderline lower IL-1β in IPTB, 
all associated with ESAT-6/CFP-10, while IL-7 was borderline lower, but 38 
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kDa/CFP-10 associated; as well as IL-8 higher (p < 0.049) vs CC/IPCC. The 
TB/IPTB IFN-γ levels were similar to both antigens stimuli (p ≥ 0.208). Con-
clusion: Therefore, coincident IPTB coinfection did not exert a significant in-
hibitory effect in IFN-γ production in response to either of the two antigens, 
but the partial discrepancy in Th1/Th2 response, is associated with the anti-
gen priming cells. 
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1. Introduction 

Mycobacterium tuberculosis (Mtb) is a facultative intracellular pathogen whose 
host immune response plays a vital role in infection outcome. The immune con-
trol of this infection is dependent upon the cellular immune response, mediated 
predominantly by CD4+ and CD8+ cells, with T helper (Th) 1 cytokine produc-
tion, as IFN-γ, the major component in stimulation/activation of macrophages 
in infection control and bacillus elimination [1].  

Helminths and other parasites, as well as bacteria, fungi and some viruses, 
perpetrate neglected tropical diseases that affect low-income populations [2]. 
Recent studies suggest an overlap of TB and parasite endemic regions, which can 
result in coinfection [3]. The chronic helminth infections are associated with 
Th2 immune response [4], and TB is dependent to effector response of Th1 cell. 
Studies have reported, in TB/Helminth co infected patients, a decrease in the 
production of IL-2 and INF-γ [5] [6] [7] or an increase of IL-6, IL-10 and TNF-α 
[8] [9] [10] [11]. In a study with CBA mice, with a serious form of schistosomia-
sis, there were significant reductions in IL-17, INF-γ, TNF-α, IL-23, IL-6 and 
IL-1β levels with increases of IL-4, IL-5, IL-10 and TNF-β [12]. On the other 
hand, despite other reports of decreases in INF-γ levels with increases in IL-10, 
IL-4 and IL-5 were immeasurable [13]. Observations in culture supernatants of 
whole blood stimulated with PPD (purified protein derivative) described de-
creased IFN-γ production in TB/helminth co infected individuals vaccinated 
with BCG (Bacille Calmette Guerin) [14]. However, other authors have reported 
that coinfection does not affect IFN-γ production to Mtb infection [15] [16] 
[17]. It is possible that different immunological findings linked to the recogni-
tion of different mycobacterial antigens use in those studies. Henceforth, in or-
der to get insight that specific mycobacterial antigens may generate different 
Th1/Th2 pattern, we measured plasm IgE and the principal cytokines induced 
by peripheral blood mononuclear cells (PBMC) of IP co infected donors and tu-
berculous patients. They were stimulated with two specific-Mtb antigens 38 
kDa/CFP-10 and ESAT-6/CFP-10; both attractive alternatives for TB/infection 
diagnosis by interferon gamma release assay [18] [19] [20]. 
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2. Methods 
2.1. Study Participants and Ethical Statement 

From June 2011 to December 2012, blood and one-stool samples were collected 
from control and TB patients. All attended at Clementino Fraga Filho University 
Hospital, Pedro Ernesto University Hospital, School Center Germano Sinval Fa-
rias/FIOCRUZ, and Family Clinic Victor Valla (CFVV) seated in Manguinhos 
Complex, an urban slum area with high TB incidence rate, all in Rio de Janeiro, 
Brazil. TB diagnostic followed the World Health Organization (WHO) criteria 
[21]. A consent form was required prior to enrollment and collect samples. The 
feces were examined by Lutz method [22]. All participants were ≥18 years old, 
negative serology for HIV. Patients groups included TB patients and asymptomat-
ic community control positive for intestinal parasitism referred as IPTB and 
IPCC, respectively, tuberculous patients (TB) and healthy community controls 
(CC). Survey of participant socio-environment conditions were obtained on a 
structured questionnaire on age, education, income, domicile characteristic, 
drinking water and garbage collection.  

The National Ethical Committee for Human Research n. 548/10 approved the 
study and all participants signed a written informed consent before samples do-
nation. 

2.2. Antigens 

The mycobacterial recombinant antigens early secretory antigenic target 6 
(ESAT-6) and 38 kDa, also known as phosphate-specific transporter-1 (PstS1), 
were separately combined with 10 kDa culture filtrate protein (CFP-10). All 
kindly donated by LIONEX GmbH (Braunschweig, Germany) and used at a final 
concentration of 5 µg/mL, as well as Concanavalin A mitogen (ConA; Sigma, St. 
Louis, MO) [18]. 

2.3. Peripheral Blood Mononuclear Cells (PBMC) In Vitro Culture 

PBMCs were isolated and cultured as previously described [18]. Briefly, PBMCs 
were obtained from heparinized venous blood by Ficoll-Hypaque density gra-
dient centrifugation (GE Healthcare, Uppsala, Sweden). For the cell culture, 1 × 
106 cells/ml were plated in triplicate in 96-well, flat-bottom microtiter plates 
(Nunc, Swedesboro, NJ) in 300 µl of RPMI 1640-HEPES supplemented with 20% 
autologous serum and 100 U/ml penicillin and streptomycin (Gibco, Paisley, 
United Kingdom) in the presence or absence of the antigens. The plates were 
placed at 37˚C in a humidified 5% CO2 incubator for 5 days. Culture superna-
tants (200 µl/well for each triplicate) were pooled and then stored at −70˚C for 
further cytokine quantification. 

2.4. Cytokines Detection 

The IFN-γ was determined with the commercial kit based on immunoenzyme 
assay (ELISA), DuoSet IFN-γ kit (R&D, USA). Cut off was previously estab-
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lished by a receiver operating characteristic (ROC) curve as 100 pg/ml [18]. The 
other 16 cytokines/chemokines levels were assessed with the commercially 
available Luminex-based technology BioPlex Pro™ multiple human cytokine as-
say system (Bio-Rad Hercules, CA, USA), according to manufacturer’s instruc-
tions. It was included the IL-1β (of IL-1 family), IL-2 and TNF-α, of the type 1 
response, IL-4, IL-5 and IL-13, of the type 2 Th cell response, IL-17A, one of the 
type 17 T cell response, regulatory IL-10, pro-inflammatory IL-6, IL-12p70 and 
GM-CSF and chemokines IL-8, CCL-2 (MCP-1), CCL-4 (MIP-1β), G-CSF and 
the IL-7. 

2.5. Quantification of IgE 

Plasm IgE levels were measured by AccuBindTM ELISA Microwells Immunog-
lobulin E (IgE) test system (Monobind, Inc., Lake Forest, CA), according to 
manufacturer’s instructions. 

2.6. Statistical Analysis 

Statistical analyzes were performed on Statistical Package for Social Sciences 
(SPSS) software, v. 17.0; differences of means with p ≤ 0.05 was considered sig-
nificant. The nonparametric test was used to analyze significant differences 
when comparing the groups (Kruskal Wallis) and pairwise comparisons (Mann- 
Whitney). 

3. Results 
3.1. Characteristics of Study Participants and Frequency  

of IP Infection 

As showed in Table 1, majority TB patients were of the pulmonary clinical form 
(74.3%), negative acid-fast bacilli smear (65.5%), non-smokers (71.4%) and un-
treated (19/35, 54.2%) or treated less than three months (8/35, 22.8%). TB pa-
tients (37.1%) lives in precarious domiciles compared to CC (9.2%, p = 0.003). 
Among IPTB the smoking habit was higher (p = 0.046). Elderly (p < 0.001) and 
females (p = 0.034) were associated with CC, while most TB patients were male 
(p = 0.02) earning less than two minimum wage. Over half of the participants 
receive more than two minimum salaries and had at most elementary education. 
Body mass index was significantly lower in both TB groups (p < 0.005). Most 
participants (>89%) reported to receive city treated water for consumption and 
for 58.3%, the municipal garbage collection was held 2 - 3 times per week  

Of 111 individuals enrolled in the study, 50 (45%) tested positive for IP, con-
current IPTB infection being 28.5% (10/35) and 52.6% (40/76) asymptomatic 
IPCC. In both IP infected groups, Endolimax nana (20/50, 40%) and Entamoeba 
coli (11/50, 22%), followed by E. dispar (4/50, 8%) and Iodamoeba butschili 
(1/50, 2%), were the most protozoan nonpathogenic identified. Among IPTB co 
infected subjects, 40% had pathogenic species Ascaris lumbricoides, Giardia in-
testinalis and Strongyloides stercoralis. The IPCC individuals had pathogenic  
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Table 1. Clinical, socioeconomic data on participants with or without intestinal parasite infection. 

 
Number (%) 

TB (n = 25) IPTB (n = 10) CC (n = 36) IPCC (n = 40) 

Age (mean ± SD) 41.8 ± 12.55 40.3 ± 15.83 55.1 ± 12.05*** 44.9 ± 13.82 

Gender     

Female (n = 56) 8 (32) 5 (50) 23 (63.9) 20 (50) 

Male (n = 55) 17 (68) 5 (50) 13 (36.1) 20 (50) 

Smoker:     

Positive 5 (20) 5 (50)* 8 (22.2) 7 (17.5) 

Negative 20 (80) 5 (50) 28 (77.8) 33 (82.5) 

AFB smear     

Negative 14 (66.7) 5 (62.5)   

Positive 7 (14.3) 3 (12.5)   

No Information 4/25 2/10   

TB Site of infection:     

Pulmonary 18 (72) 8 (80)   

Extra pulmonary 7 (28) 2 (20)   

Family monthly Income (One basic salary = US$325.72)     

<one 2 (8) 3 (30) 1 (2.8) 2 (5) 

one 8 (32) 3 (30) 14 (38.9) 10 (25) 

two - four 13 (52) 3 (30) 18 (50) 23 (57.5) 

>four 2 (8) 1 (10) 3 (8.3) 5 (12.5) 

Education:     

Illiterate 1 (4) 1 (10) 3 (8.4) 2 (5) 

Incomplete elementary School 4 (16) 3 (30) 21 (58.3) 15 (37.5) 

Elementary school 6 (24) 2 (20) 4 (11.1) 5 (12.5) 

Incomplete high school 4 (16) 1 (10) 1 (2.8) 4 (10) 

High school 9 (36) 2 (20) 7 (19.4) 10 (25) 

Technical or higher 1 (4) 1 (10) 0 (0) 4 (10) 

Body Mass Index - BMI (mean ± SD) (n = 95) 22.4 ± 3.54*** 22.0 ± 3.47* 27.6 ± 5.97 28.0 ± 5.93 

Dwelling House:     

Coated masonry 15 (60)*** 7 (70)*** 35 (97.2) 34 (85) 

Uncoated masonry or wood 10 (40) 3 (30) 1 (2.8) 6 (15) 

Water for consumption:     

Public treated water 25 (100) 8 (80) 35 (97.2) 36 (90) 

Mineral or artesian well 0 (0) 2 (20) 1 (2.7) 4 (10) 

Garbage Public Collection:     

One(time per week) 3 (12) 1 (10) 5 (13.9) 2 (5) 

Two - three (time per week) 19 (76) 6 (60) 21 (58.3) 27 (67.5) 

Daily 2 (8) 1 (10) 8 (22.2) 9 (22.5) 

≥to Fortnightly 0 (0) 1 (10) 1 (2.8) 0 (0) 

Without information 1 (4) 1 (10) 1 (2.8) 2 (5) 

*p < 0.05; ***p < 0.001. SD: Standard Deviation. TB: tuberculosis patients; IPTB or IPCC: intestinal parasites TB co infected or asymptomatic intestinal 
parasitic infected community control.  
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Table 2. Intestinal parasites infection data on community control individuals and tuber-
culosis patients. 

Species 
Number of infected participants (%) 

IPTB IPCC TOTAL 

Any parasite 10/35 (28.5) 40/76 (52.6) 50/111 (45) 

Nonpathogenic species 5/10 (50) 30/76 (39.4) 35/86 (70) 

Entamoeba coli 2/10 (20) 9/40 (22.5) 11/50 (22) 

Endolimax nana 3/10 (30) 17/40 (42.5) 20/50 (40) 

Entamoeba díspar 0 4/40 (10) 4/50 (8) 

Iodamoeba butschili 1/10 (10)  1/50 (2) 

Pathogenic species 4/10 (40) 20/76 (26.3) 24/50 (48) 

Ascaris lumbricoides 2/10 (20) 1/40 (2.5) 3/50 (6) 

Giardia intestinalis 1/10 (10) 5/40 (12.5) 6/50 (12) 

Strongyloides stercoralis 1/10 (10) 3/40 (7.5) 4/50 (8) 

Entamoeba histolytica 0 7/40 (17.5) 7/50 (14) 

Taenia sp. 0 2/40 (5) 2/50 (4) 

Schistossoma mansoni 0 1/40 (2.5) 1/50 (2) 

Enterobius vermicularis 0 1/40 (2.5) 1/50 (2) 

Dual parasitism 0 10/40 (25) - 

IPTB or IPCC: intestinal parasites TB co infected patients and asymptomatic intestinal parasitic infected 
community controls. 

 

species Entamoeba histolytica, Giardia intestinalis, Strongyloides stercoralis, 
Taenia sp. and three participants, respectively infected by Schistossoma manso-
ni, Ascaris lumbricoides and by Enterobius vermicularis. Dual parasitism ac-
counted for 25% (Table 2). 

3.2. IgE Is Increased in Asymptomatic IP Infected Participants 

All 111 participants had serum IgE tested and was significantly higher in IPCC 
vs CC (80.18 ± 144.8 vs 36.33 ± 75.03, p = 0.036), and slightly increased in IPTB 
com-pared to TB (93 ± 132.2 vs 57.36 ± 78.17, p = 0.673). The IgE systemic 
higher level (>300 UI/ml) was associated with either nonpathogenic (E. coli and 
E. nana) or pathogenic (G. intestinalis, E. histolytica) protozoa infection.  

3.3. IPTB Coinfection Did Not Influence the Production of INF-γ 
Specific Antigens 

Of 108 participants tested for IFN-γ production 36 were CC, 38 IPCC, 25 TB pa-
tients and 9 IPTB (Table 3). The IPTB exhibited a slightly lower average level of 
IFN-γ compared to that TB (p≥0.474) for both antigens, however, it was strongly 
high compared to that CC/IPCC (p<0.001). This tendency remained after strati-
fying them into infection by pathogenic versus nonpathogenic intestinal para-
sites (data not shown). The frequency of the positive IFN-γ producer was similar 
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in the groups, TB: 21/25, 84% and 19/25, 76%; IPTB: 7/9, 78% and 6/9, 67%; CC: 
2/36, 5.5% and 1/36, 2.8%; IPCC: 0/40 and 1/40, 2.5%, respectively for each 
38kda/CFP-10 and ESAT-6/CFP-10 antigens. Thus, IP does not affect IFN-γ re-
lease assays based on these antigens. Only one IPCC infected with G. intestinalis 
and three CC participants exceeded IFN-γ cut off, being one of each group in-
duced by ESAT-6/CFP-10, but two CC also related with 38kDa/CFP-10 stimuli, 
possibly reflecting past Mtb infection. 

3.4. IPTB Coinfection Is Associated with Increased ESAT-6/CFP-10 
Specific Production of IL-5, IL-13 and GM-CSF 

The Th type 2 cytokines IL-5 (p = 0.001), IL-13 (p ≤ 0.029) and also the 
pro-inflammatory chemokine GM-CSF (p ≤ 0.026) exhibited significantly higher 
mean levels in IPTB compared to that TB and controls, stimulated with ESAT-6/ 
CFP-10. However, no significant difference to both antigens in the average level 
of IL-4 (p > 0.097). Moreover, IL-5 production was significantly high in response 
to 38 kDa/CFP-10 compared to ESAT-6/CFP-10 only in TB group (p = 0.041) 
(Table 3). 

3.5. IPTB Coinfection Elicited Lower Specific ESAT-6/CFP-10 
Production of IL-1β 

The IPTB gave rise to a strong reduction of IL-1β compared to all others groups 
(p ≤ 0.029), although borderline to TB (p = 0.068). Moreover, TB (p = 0.006) 
and IPCC (p = 0.029) showed low levels compared to CC/IPCC, all associated 
with ESAT-6/CFP-10. In addition, 38 kDa/CFP-10 elicited higher IL-1β expres-
sion in all groups compared to ESAT-6/CFP-10 but significant only to TB group 
(p = 0.029) (Table 3). 

3.6. IPTB Coinfection Did Not Show Different Specific-Antigens 
Production of IL-2, TNF-α, IL-17A, IL-6, IL-10, MIP1β and 
MCP-1 

There was no significant difference to both antigens average level of Th1 (IL-2, 
TNF-α), Th17 (IL-17A), pro-inflammatory IL-6 and regulatory IL-10 cytokines, 
as well as of MIP1β and MCP-1 chemokine, among tested groups. However, 38 
kDa/CFP-10 showed higher immune regulatory cytokine (IL-10, p = 0.001) ex-
pression compared to ESAT-6/CFP-10 in TB and IPCC (Table 3). 

3.7. IPTB Coinfection Is Associated with Specific 38 kDa/CFP-10 
Production of IL-8 Chemokine 

The mean level of IL-8 was significantly increased associated to 38 kDa/CFP-10 
stimuli in IPTB compared to both controls groups (p < 0.049). However, in re-
sponse to ESAT-6/CFP-10 antigen, which compared with 38kDa/CFP-10, there 
was a significant expression in both CC groups (p ≤ 0.035). On the other hand, 
G-CSF chemokine lower mean level related to ESAT-6/CFP-10 stimuli in IP in-
fected groups, but significance only for IPCC compared to both IP uninfected  
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Table 3. Mean cytokines levels produced by peripheral blood mononuclear cells of parasite infected or uninfected subjects. 

 Mean ± SD p values 

 
TB 

(N = 13 and 25▲) 
IPTB 

(n = 9 and 9▲) 
CC 

(n = 5 and 36▲) 
IPCC 

(n = 9 and 38▲) 
IPTB × 

TB 
IPTB × 
IPCC 

IPTB × 
CC 

TB × 
IPCC 

TB × 
CC 

IPCC × 
CC 

38kDa/CFP-10           

IL-1beta 778 ± 715.5* 1211 ± 2572 1415 ± 1208 692.6 ± 494.4 0.191 0.254 0.189 0.973 0.298 0.297 

IL-2 34 ± 36.4 35 ± 43.9 31.7 ± 23.5 34.6 ± 32.5 0.703 0.716 0.673 0.810 0.792 0.944 

IL-4 46.1 ± 40.6 56.3 ± 73.7 28.8 ± 21.5 26.2 ± 33.4 0.963 0.175 0.508 0.882 0.388 0.429 

IL-5 40.5 ± 29.1* 49.2 ± 38.7 30.6 ± 28.6 19.7 ± 22.8 0.610 0.124 0.350 0.084 0.477 0.646 

IL-6 1456 ± 1060 2024 ± 2008 1544 ± 1127 1670 ± 1062 0.331 0.812 0.677 0.366 0.944 0.566 

IL-7 297 ± 135.3*** 201.3 ± 200 102.3 ± 154.3 90.3 ± 135.5 0.067 0.421 0.772 0.004 0.037 0.537 

IL-8 2098 ± 2221 3311 ± 2366 523.6 ± 416 1022 ± 1602 0.244 0.049 0.038 0.156 0.089 0.497 

IL-10 500.5 ± 311.3** 381.2 ± 386.6 392.8 ± 143.4 372.6 ± 181** 0.402 0.775 0.629 0.348 0.580 0.629 

IL-12p70 728.4 ± 678.9 402.4 ± 392.4 128.2 ± 286.5 174.8 ± 354.3 0.188 0.294 0.286 0.01 0.021 0.835 

IL-13 83.8 ± 43 142 ± 150.2 47.2 ± 12.3 62.6 ± 51.7 0.480 0.195 0.089 0.360 0.185 0.572 

IL-17A 681.6 ± 507.7 670.3 ± 571.7 277.1 ± 282.6 344.3 ± 296.6 0.753 0.2 0.174 0.065 0.06 0.740 

IFN-gamma▲ 440 ± 392.3 262.3 ± 270 15.7 ± 39.7 3.9 ± 11.3 0.208 >0.001 >0.001 >0.001 >0.001 0.992 

TNF-alpha 221.6 ± 120.3 229 ± 127.7 155 ± 85 249 ± 362 0.986 0.281 0.251 0.396 0.376 0.766 

G-CSF 367.3 ± 223.5* 411.6 ± 760.2 357.6 ± 200.8 217.3 ± 119.9** 0.129 0.651 0.311 0.069 0.995 0.436 

GM-CSF 206.6 ± 713.6 265.7 ± 673.6 3.69 ± 0.93 141.2 ± 301.7 0.193 0.105 0.328 0.812 0.999 0.670 

MCP-1 (CCL2) 467.7 ± 241.1 673 ± 579.7 333 ± 274.6 546 ± 266.4 0.707 0.842 0.410 0.481 0.360 0.181 

MIP-1beta (CCL4) 1092 ± 1269* 1348 ± 1876 479.4 ± 244.6 693.7 ± 401.2 0.299 0.729 0.677 0.555 0.112 0.410 

ESAT-6/CFP-10           

IL-1beta 282.2 ± 272.4 138.3 ± 154.5 930.8 ± 427.2 398.6 ± 323.4 0.068 0.023 0.004 0.402 0.006 0.029 

IL-2 27.7 ± 23.9 49.2 ± 72.4 25.3 ± 21.5 20.4 ± 21.8 0.831 0.456 0.875 0.561 0.972 0.572 

IL-4 28.9 ± 29 43.4 ± 31 25.7 ± 15.2 18.5 ± 18.4 0.248 0.097 0.361 0.495 0.779 0.408 

IL-5 19.5 ± 18.1 77 ± 71.5 33.9 ± 14.3 33.2 ± 25.4 >0.001 0.085 0.125 0.197 0.127 0.812 

IL-6 1377 ± 821.1 1390 ± 1105 1341 ± 336.7 1343 ± 986.4 0.882 0.975 0.722 0.882 0.552 0.603 

IL-7 128.2 ± 176 199.4 ± 216.3 189.3 ± 164.4 146 ± 146 0.323 0.674 0.772 0.332 0.293 0.880 

IL-8 3445 ± 2313 4100 ± 2172 2697 ± 1914* 3058 ± 2220* 0.604 0.509 0.262 0.834 0.501 0.897 

IL-10 148.2 ± 108.4 184.8 ± 132.4 246.7 ± 162.8 122.4 ± 122.5 0.479 0.194 0.580 0.238 0.298 0.089 

IL-12p70 509.8 ± 595.3 407.2 ± 422.3 128.2 ± 286.4 148.1 ± 238 0.745 0.181 0.237 0.109 0.157 0.999 

IL-13 70.4 ± 101 170.6 ± 157.2 70.7 ± 28.3 51.4 ± 36.4 0.033 0.029 0.409 0.699 0.231 0.201 

IL-17A 392.7 ± 364.3 644 ± 764.2 372.8 ± 193 237.5 ± 309.1 0.700 0.313 0.984 0.375 0.999 0.262 

IFN-gamma▲ 448.3 ± 481.4 420.4 ± 634.8 14.6 ± 42.2 7.9 ± 24.3 0.474 >0.001 >0.001 >0.001 >0.001 0.277 

TNF-alpha 137.6 ± 80 191 ± 129 120.5 ± 49 119.3 ± 55.3 0.253 0.160 0.286 0.937 0.882 0.999 

G-CSF 218.2 ± 185.2 173.9 ± 177.6 348.2 ± 198 88.3 ± 54.5 0.522 0.423 0.119 0.045 0.074 0.006 

GM-CSF 173.2 ± 467.6 218.5 ± 572 3.69 ± 0.93 11.8 ± 25.5 0.019 0.026 0.055 0.999 0.999 0.999 

MCP-1 (CCL2) 497.5 ± 293.2 821.8 ± 812.8 230.2 ± 201.3 392.2 ± 179.6 0.390 0.160 0.141 0.348 0.071 0.080 

MIP-1beta (CCL4) 505.3 ± 346.1 459.2 ± 361.8 503.4 ± 444.8 442.3 ± 384.4 0.706 0.777 0.824 0.402 0.832 0.972 

Cytokine mean results in units of pg/ml together with standard deviation (SD). N▲ = Number of cases tested INF-gamma release assay. Significant differ-
ence of cytokine/chemokines production between groups and between antigen tested was calculated by Mann Whitney (***, p ≤ 0.0001; **, p ≤ 0.01; *, p ≤ 
0.05). TB: tuberculosis patients; IPTB or IPCC: TB-intestinal parasites co infected or asymptomatic IP infected community control.  
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groups (p ≤ 0.045). Higher expression of this chemokine was significant in TB 
and IPCC in response to 38 kDa/CFP-10 compared to ESAT-6/CFP-10 stimuli 
(Table 3). 

3.8. TB Alone Is Associated with Specific 38 kDa/CFP-10  
Production of IL-7 and IL12p70 

The regulatory cytokines IL-7 and IL12p70 were significantly high in TB subjects 
compared to both controls groups (p ≤ 0.037), but IPTB elicited slightly IL-7 
lower level (p = 0.067), all related to 38 kDa/CFP-10. Moreover, 38 kDa/CFP-10 
elicited a significantly higher level of IL-7 than to ESAT-6/CFP-10 in TB group 
(p = 0.008) (Table 3). 

4. Discussion 

In the present study, 45% of the studied individuals tested positive for IP, and 
among TB patients 28.5% were coinfected, a similar frequency to that in other 
studies [6] [15]. However, prevalence > 50% has also been described [23] [24] 
[25]. This difference may be associated with sociodemographic characteristics of 
the populations studied, as recruiting only symptomatic IPTB inpatient [24]. 
The higher rate of parasitism in asymptomatic controls (36%) was similar to 
other low-income populations in two other locations in the state of Rio de Ja-
neiro (27.2% and 49.7%) [26]. However, contrary to other Brazilians findings 
[13], 62% of positives in our study were infected with non-pathogenic protozoa, 
a commensal of the human gut, thus probably related to the bad quality available 
drinking water, despite most participants reporting access to municipally treated 
water. Thus, analyzes of the local water and soil are urgent in the area.  

The impact of IP infections in the suppression of the Th1 immune response, 
essential for protection against TB, deregulating the immune system toward the 
Th2 branch remains contradictory. In order to test the hypothesis that part of 
this variable response may be associated to specific antigens of M. tuberculosis, 
we investigated the effects of 38kDa/CFP-10 and ESAT-6/CFP-10 on Th1/Th2 
patterns in intestinal parasite infected TB patients. Several studies have demon-
strated a significant decrease in the production of IFN-γ in IPTB [6] [9] [14]. 
However, our data reveal no significant impairment in the mean levels of this 
cytokine under both antigens stimuli. An increase of IFN-γ, in IPTB associated 
with the Th1 response in the initial stages of IP infection has been demonstrated, 
although only a few patients showed high levels of the cytokine [15] [27], which 
also was observed in the present study. Other have described a significant de-
crease of IL-12 and IFN-γ in LTBI patients co infected with filaria [9], the res-
ponses associated with PPD and culture filtrate antigens to stimulate T cells. It is 
possible that lack of significance in our study may be associated with the para-
sites not generating a severe decrease in the Th1 response, as with the filarial in-
fection, or for the antigens studies the IFN-γ response is not significantly influ-
enced by the IP infection.  
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The mean levels of all cytokines were not significantly different in IPTB vs TB, 
mainly for 38 kDa/CFP-10. However, we noted significant levels of the cytokines 
IL-1β, IL-5, IL-7, IL-10 and G-CSF for this antigen comparing to ESAT-6/ 
CFP-10 in TB patients. Thus possibly suggesting differential modulation in TB 
host.  

The Th2 immunity arm activates several downstream effector mechanisms 
that promote parasite eradication or at least minimize host tissue damage. The 
Th2 cytokines, such as IL-4, IL-5, IL-6, and IL-13, leading to the production of B 
cell, immunoglobulin IgE and IgG subtypes, eosinophilia and mast cells inhibit-
ing parasite invasion or dissemination [28]. The significant partial Th2 cytokines 
expression (IL-5 and IL-13) in IPTB, associated to ESAT-6/CFP-10, is in accor-
dance with the increased production of IgE. However, the failure in the signific-
ance related to TB could be that some TB patients harbor occult parasite infec-
tion and the study examined only a single stool sample from each participant. 
Notwithstanding, this may not be the case because IgE level was significantly 
higher in the IPCC in relation to the CC group. Another possible explanation is 
that IgE has also risen in active TB, decreasing with treatment [29], and here 
most TB patients were free of treatment with a higher average of IgE (58.8 ± 
71.6) compared to those treated (22.5 ± 27.6). However, our small sample size 
and/or no prevalence of pathogenic intestinal parasites such as A. lumbricoides, 
T. trichiuris or S. stercoralis as reported by others could also be associated [8]. 
Additionally, IPTB clearly increases partially the Th2 and pro-inflammatory 
GM-CSF cytokines levels (but not IL-10) associated to the ESAT-6/CFP-10 sti-
muli. Thus, the high production of these cytokines in IPTB may favor the en-
hancing susceptibility to TB infection.  

Previous studies have shown the TB gravidity associated with disease progres-
sion and with a low immune response in a broad range of T cell to pathogens 
stimulation. Beside TNF-α, it was detected lower IL-1β and IL-7 levels in pa-
tients with poor TB clinical evolution after dead M. tuberculosis cell stimulation 
[30] [31]. In our study, lower level of IL-1β was associated to ESAT-6/CFP-10, 
while IL-7 levels were lower but associated with 38 kDa/CFP-10. Thus, IP and 
different antigens may impair the immune response. IL-1β is important for wal-
ling off infection and preventing dissemination of microbial infection being of 
critical importance to control M. tuberculosis infection. In an animal model co 
infected with intestinal nematodes Heligmosomoides polygyrus and subse-
quently Schistosoma mansoni, there was a reduction in a number of eggs and 
proinflammatory cytokines as well as Th1 profile, including IL-1β [12]. This au-
thors suggests that presence of an intestinal parasite negatively influences IL-1β 
production, corroborating our findings. The IL-7 act upon T cell response de-
velopment and in turn homeostasis, aiming to control the infection. Feske et al. 
[32] identified IL-7 and IL-15 associated a high IFN-γ (ELISPOT®) in response 
to ESAT-6/CFP10 and cytomegalovirus antigens in TB patients. In our study 
there wasn’t any significant difference for these cytokines related to ESAT-6/ 
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CFP-10, however, IPTB in response to 38 kDa/CFP10 antigen, IL-7 slightly de-
press, together with INF-γ, was achieved (p ≥ 0.067), suggesting that different 
Mtb antigens can modulate the response in the IP infected host. However, as 
parasite treatment was not provided we could not be sure about recover in these 
cytokines modulation.  

The IL-8, or CXC chemokine, an important neutrophil-activating factor, pro-
vides the chemotaxis of inflammatory cells to the site of infection [1] and pre- 
treatment with IL-8 inhibit granuloma formation. Among the pro-inflammatory 
cytokines assayed in our study, the IL-8 was the only one significantly up-modu- 
lated in IPTB, although without significance as compared to TB, but associated 
to 38 kDa/CFP-10 stimuli. Active IL-8 may help to kill the pathogen and so in-
itiate events that curb microorganism growth. These data suggest that increased 
production of IL-8 may be associated with stimuli used and the status of co in-
fection may favor production of this chemokine. 

Neutrophils are the most numerous types of lymphocytes, and the factors in-
volved in their differentiation are G-CSF, IL-6, GM-CSF, and IL-13, which are 
critical in the activation of the antibacterial neutrophils response [33] [34]. In 
our findings, the GM-CSF pro-inflammatory cytokine and the IL-13, together 
with IL-5, type Th2 cytokines were differentially express in IPTB, associated with 
ESAT-6/CFP-10, thus possibly suggesting differential modulation to the antigen 
in co infected TB host, which may play a role in either susceptibility to disease or 
enhanced disease severity [35]. However, helminth specific treatment must pro-
vide to evaluate the effect on immune response reversion.  

This study has, as major limitations, the reduced number of IPTB, the absence 
of prevalent pathogenic IP species and no surveillance of the evolution of the 
immune response after IP-specific therapy. However, our study suggests that in 
addition to parasite infections, mycobacterial antigens immune responses in-
ducer may be an extra reason for these controversies. 

5. Conclusion 

This study underlines that: i) Coincident TB-intestinal parasites did not exert a 
significant inhibitory effect on IgE levels, as well as in IFN-γ production in re-
sponse to either of two antigens, ii) however, cytokine profiles were partially sig-
nificantly biased toward a Th2 type (IL-5 and IL-13) and a pro-inflammatory 
GM-CSF, and borderline lower to IL-1β, but associated with ESAT-6/CFP-10; 
while IL-7 was borderline lower, and IL-8 was significantly high related to both 
CC groups, with 38 kDa/CFP-10. Last, further studies before and after anthel-
minthic treatment are needed. 
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