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ABSTRAK

Tuberkulosis (TB) merupakan penyakit infeksi kronik, disebabkan oleh Mycobacterium tuberculosis yang sering dikaitkan dengan
rendahnya efektivitas vaksin BCG dan tingginya infeksi cacing. Tujuan penelitian ini adalah untuk mengetahui perbedaan aktivitas
limfosit T tipe Th1 (IFN-) dan Th2 (IL-4) pada ko-infeksi sekuensial nematoda Heligmosomoides polygyrus terhadap infeksi
Mycobacterium tuberculosis. Penelitian ini menggunakan 49 ekor mencit yang terbagi menjadi 7 kelompok perlakuan dengan infeksi
oleh Mycobacterium tuberculose secara inhalasi dan Heligmosomoides polygyrus secara per oral dalam waktu 8 dan 16 minggu.
Kadar IFN- dalam serum darah tepi (89,929 + 3,533 pg/mL) memiliki gambaran yang menyerupai pola prosentase limfosit T
CD4+ Th1 di jaringan paru (3,246 + 0,519%) dan darah tepi (4,950 + 0,237%), sedangkan kadar IL-4 dalam serum darah tepi
(20,782 + 4,043%) memiliki gambaran yang menyerupai pola prosentase limfosit T CD4+ Th2 di jaringan usus (1,048 + 0,359%)
dan darah tepi (1,196 + 0,557%). Simpulan, Terdapat perbedaan aktivitas limfosit T tipe Th1 dan Th2 namun tidak mempengaruhi
respons imun terhadap infeksi Mycobacterium tuberculosis. (FMI 2017;53:124-130)
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ABSTRACT

Tuberculosis (TB) is a chronic infectious disease caused by Mycobacterium tuberculosis that are often associated with
uneffectiveness of the BCG vaccine and the high worm infection. The objective of this study was to determine the differences in the
activity of Limfosit T type Th1 (IFN-) and Th2 (IL-4) in lung tissue on Heligmosomoides polygyrus nematode and Mycobacterium
tuberculosis sequential co-infection. This research using 49 mice were divide into 7 groups treated with infection by Mycobacterium
tuberculose inhaled and Heligmosomoides polygyrus orally within 8 and 16 weeks. The levels of IFN- in peripheral blood serum
(89.929 + 3.533 pg/mL) resembles the pattern of the percentage of lymphocytes T CD4+ Th1 in lung tissue (3.246 + 0.519%) and
peripheral blood (4.950 + 0.237%), while the levels IL-4 in the peripheral blood serum (20.782 + 4.043%) resembles the pattern of
the percentage of lymphocytes T CD4+ Th2 in intestinal tissue (1.048 + 0.359%) and peripheral blood (1.196 + 0.557%). In
conclusion, there is difference in the activity of lymphocytes T type Th1 and Th2 but it does not affect the immune response to
Mycobacterium tuberculosis infection. (FMI 2017;53:124-130)
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INTRODUCTION

Tuberculosis (TB) is a chronic infection caused by My-
cobacterium tuberculosis with a mortality rate of around
1.4 million per year, especially in developing and low-
income countries (WHO 2012). The high incidence rate
of TB in most areas of the country is closely related to
the effectiveness of low BCG vaccination and the high
prevalence of worm infections (Fine et al 1995, Lipner
et al 2006, Elias et al 2007).

Mycobacterium tuberculosis, a facultative intracellular
paracid bacillus bacterium (Todar 2009) can be
eliminated by cellular immunity played by macropha-
ges; CD4+ T-lymphocytes that secrete IFN-; CD8 + T

lymphocytes that kill macrophages infected with TB
germs; as well as T lymphocytes  (Schluger et al
2005) in which the immune response requires a strong
Th1 type of cytokine (van Crewel et al 2002). In con-
trast, worm infections stimulate the activation of
eosinophil cells, mast cells, basophile cells, and IgE
formation, which is a Th2-type immune response
(Anthony et al 2007).

The dominant Th2-type immune response suppresses
the Th1 immune response through suppression by IL-4
which proves that worm infections can suppress the
immune response to the TB germs (Resende et al 2006,
Potian et al 2007, Bhatt et al 2007). In contrast, Erb et al
(2002) and Frantz et al (2007) reported that worm or
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parasite infections did not alter immunity to
mycobacteria in mice-treated animals, in which
dendritic cells mutually stimulated using bacterial
antigens and worm antigens were able to undergo
maturation and induce both Th1-type immune responses
and Th2-type immune responses. The existence of
differences in the results of these studies to date have
not been able to be drawn conclusions that are certain
and satisfactory.

Research on the co-infection of Nematoda Heligmo-
somoides polygyrus worm in mice previously infected
with Mycobacterium tuberculosis as a sequential
standard model is very necessary to be done to deter-
mine the difference of T1 and Th2 type T lympho-cyte
cell activity so that TB can be effectively controlled
effectively.

MATERIALS AND METHODS

The research was conducted for 6 (six) months with the
location of the research is at Animal Cage Try the
Parasitology Division of Clinic Faculty of Medicine
Universitas Brawijaya and in Bacteriology Laboratory
of Tuberculosis Infection Study Group of Tropical
Diseases Institution Airlangga University Surabaya.

The sample size or replication is the number of treat-
ments in an experiment (r). Replication affects the
number of replicates (r) of a study. Using the large
formula of Steel and Torrie samples (1980) and Higgins
correction factor formulas to anticipate a drop out with
an estimated 55%. The total sample size was 49 male
(Mus musculus) mice of wild type type which was 8-12
mingggu with body weight 30-35 gram.

Mice were divided into 7 groups consisting of: Myco-
bacterium tuberculosis-infected group for 8 weeks
(M.tb8), tuberculosis infected group (Mycobacterium
tuberculosis) for 16 weeks (M.tb16), a group infected
with a worm (Heligmosomoides polygyrus ) for 8 weeks
(H.pg8), a worm infected group (Heligmosomoides
polygyrus) for 16 weeks (H.pg16), a group of mice
treated with helminths (Heligmosomoides polygyrus)
followed by TB infection (Mycobacterium tuberculosis)
(H.pg + M.tb), a group of mice treated with TB
coinfection (Mycobacterium tuberculosis) followed by a
helminth infections (Heligmosomoides polygyrus) (M.tb
+ H.pg), as well as infectious groups as controls. At the
end of the 16th week (ie 8 weeks after the last infection
treatment sequence), the study subjects of all treatment
groups will be evaluated by taking peripheral blood

specimens for the measurement of some IL-4 and IFN-
cytokines with ELISA method.

Mycobacterium tuberculosis infection method

Mice Balb/c presented 10mL PBS-Tween 80 solution
containing 106 Mycobacterium tuberculosis inhalation
using a modified nose only inhalation system or Middle-
brook Inhalation Exposure System (GLAC-Col) for 30
minutes in inhalation chamber placed in a large box
filtered HEPA.

Method of Heligmosomoides polygyrus Infection

Balb/c mice were inoculated with oral Heligmosomoides
polygyrus larvae with a blunt-specially-sided blistering
syringe containing 100 µL PBS solution containing
2000 L3/mL. Gavage needle is inserted into the esopha-
gus and the contents are sprayed slowly to avoid
regurgitation (Camberis et al., 2003).

Processing and analysis of data

The data of the research variables were analyzed for
distribution by group with Shapiro-Wilk test. Data that
is not normally distributed will be tested by Kruskal-
Wallis, while the normal distributed data is tested by
homogeneity of variance. The homogeneous variance
will be analyzed by ANOVA test, while the non homo-
geneous variance will be analyzed by Brown-Forsythe
test.

RESULTS

Effect of treatment on Th-1 lymphocyte activity

Th1 T lymphocyte activity is characterized by the
production of Interferon- (IFN-) cytokines in peri-
pheral blood measured by the ELISA method and the
percentage of CD4+ T lymphocytes expressing the IFN-
 intracellular as measured by flowsitometry in lung
tissue, intestinal tissue, and peripheral blood. In the co-
infection group of M. tuberculosis and H. Polygyrus
there is a tendency that high levels of IFN- determined
by the last sequence of infection, in which the group
treated with the last co-infection was M. tuberculosis
infection IFN- level (89,929+ 3,533 pg/mL) was
significantly higher than the group treated with the last
co-infection of H. Polygyrus infection (46,168,7,821
pg/mL) seen in Table 1 and Figure 1.
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Table 1. IFN- level in peripheral blood serum

Treatment groups
Peripheral blood serum ELISA (pg/mL)

p
Mean  SD Min Max

H.pg 8 8.564  1.414 a 7.278 10.949 0.000
H.pg 16 29.463  6.279 b 22.203 38.696
H.pg + M.tb 89.929  3.533 e 85.127 93.354
M.tb + H.pg 46.168  7.821 c 38.852 58.127
M.tb 16 62.975  7.824 d 51.203 72.089
M.tb 8 106.481  5.446 f 99.620 114.747
Control 7.207  2.034 a 4.747 10.342

Notes: H.pg: H. Polygyrus infection; M.tb: M. tuberculosis infection; 8 and 16:
infection for 8 and 16 weeks; The letters a, b, c, d, e, f: indicate that groups with the
same letter marks have insignificant differences, whereas groups with different letter
marks have significant differences.

Figure 2. Flowcytometry results of CD4+ T lymphocytes in lung tissue
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Figure 1. IFN- level in blood serum (pg/mL)

Percentage of CD4+ T lymphocytes expressing the IFN-
 molecule intracellular in lung tissue, intestinal tissue,
and peripheral blood were measured by flowsytometry
technique using antibodies against CD4 and INF-
simultaneously with the FACSCalibur tool and the
CellQuest software obtained the number of cell percent-
ages in question and the dot plot visualization in the
upper right quadrant of each graph as shown in Fig. 2.

CD4+ T lymphocytes were identified with anti-CD4
antibodies that were conjugated with fluoro- chrome
fluorescein isothiocyanate (FITC) (top right). Further-
more, permeabilization and identification of CD4+ T
lymphocytes expressing IFN- intracellular with anti-
IFN- antibodies conjugated with phycoerythrin (PE)
(bottom left) or expressing IL-4 with anti-IL-4 anti-
bodies conjugated with peridinin chlorophyll protein
(perCP) (bottom right). In the table at the bottom of the
dot plot can be read the percentage of events in the
upper right quadrant (UR). This figure represents the
measurement in the treatment group no. 1 member no.
4.

This technique is a technique of calculating intracellular
cytokines directly without in vitro stimulation. CD4+ T
lymphocytes expressing the IFN- molecule intracell-
ular percentage is very low (less than 6%), but the
percentage pattern in each type of treatment group can
still be seen in Figures 3, 4, and 5.

Figure 3. CD4+ T-lymphocytes expressing IFN- in
lung tissue

The highest percentage of CD4+ T -1 lymphocytes in
lung tissue (Fig. 5.3) was highest in M. tuberculosis
infection for 8 weeks (4.508 µ.947) and then decreased
in M. tuberculosis infection for 16 weeks (2.058 ×
0.845). H. Polygyrus infection for 8 weeks had a low
percentage of CD4+ T1 lymphocytes (equivalent to
control) and then increased in infection for 16 weeks.
The group treated with the last co-infection in the form
of M. tuberculosis infection had a significantly higher
percentage of CD4+ T1 T lymphocytes than the oppo-
site co-infection.

The calculated percentage of CD4+ T1 lymphocyte T
lymphocytes in intestinal tissue showed no significant
intergroup differences (Brown-Forsythe test, p = 0.109;
p> 0.05) as shown in Figure 4.

Figure 4. CD4+ T-lymphocytes expressing IFN- on the
intestinal tract

The calculated percentage of CD4+ Th1 lymphocyte T
lymphocytes in peripheral blood showed that the group
treated with the last co-infection of M. tuberculosis
infection had a significantly higher percentage of CD4+
T1 T lymphocytes than the opposite co-infection, as
shown in Figure 5.

Figure 5. CD4+ T-lymphocytes Expressing IFN- in
peripheral blood
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Lymphocyte CD4+ T1 lymphocyte graph pattern shows
a tendency that IFN- in peripheral blood serum has a
picture that more closely resembles the CD4+ Th1
lymphocyte T lymphocyte pattern in lung tissue and
peripheral blood, in contrast to the CD4+ T1 lympho-
cyte T lymphocyte pattern in the intestinal tract (Fig. 1
to Fig. 5).

The Effect of treatment on T-type Th2 lymphocyte
activity

Th2-type T lymphocyte activity is characterized by the
production of the interleukin-4 (IL-4) cytokine in
peripheral blood measured by the ELISA method and
the percentage of CD4+ T lymphocytes expressing
intracellular IL-4 molecules as measured by flow-
citometry in lung tissue, intestinal tissue and peripheral
blood.

In the co-infection group M. tuberculosis and H. Poly-
gyrus it appears that significantly higher levels of IL-4
in peripheral blood (p = 0.009; p <0.05) were higher
when the latter co-infection was H. Polygyrus infection
(66,625 + 13,937 pg/mL) than when the last co-
infection treatment of M. tuberculosis infection (20.782
+ 4,043 pg/mL) can be seen in Table 2 and Figure 6.

Table 2. Peripheral blood ELISA in treatment groups

Treatment
groups

Peripheral blood ELISA (pg/mL)
p

Mean  SD Min Max
H.pg 8 93.887  7.279 a 83.647 102.018 0.000
H.pg 16 78.964  12.376 a 66.912 96.930
H.pg + M.tb 20.782  4.043 b 17.070 26.754
M.tb + H.pg 66.625  13.937 a 49.982 83.772
M.tb 16 16.961  5.209 b 11.035 22.895
M.tb 8 14.007  4.418 b.c 9.632 20.175
Control 5.014  1.357 c 3.140 6.930

Notes: H.pg: H. Polygyrus infection; M.tb: M. tuberculosis infection;
8 and 16: infection for 8 and 16 weeks; The letters a, b, c,: indicate
that groups with the same letter marks have insignificant differences,
whereas groups with different letter marks have significant differences

Figure 6. IL-4 levels in blood serum (pg/mL)

The results of the CD4+ Th2 lymphocyte T lymphocyte
count in lung tissue showed no significant differences
between the treatment groups of infections, but all the
treatment group data were significantly different than
the control group (Games-Howell Test, p <0.05) as
shown in Fig. 7.

Figure 7. CD4+ T-lymphocytes expressing IL-4 in lung
tissue

The calculated percentage of CD4+ Th2 lymphocyte T
lymphocytes in the intestinal tract showed M. tuberculo-
sis infection for 8 weeks and for 16 weeks had low
CD4+ T2 lymphocyte percentage (equivalent to control
group). The group that received the last co-infection
treatment in the form of H. Polygyrus infection had a
significantly higher percentage of CD4+ Th2 lympho-
cyte T than those treated with the last co-infection with
M. tuberculosis infection (2,712,0,502 vs. 1,048 +
0,359; p = 0.005, p <0.05) as shown in Figure 8.

Figure 8. CD4+ T-lymphocytes expressing IL-4 in
intestinal tissue

The CD4+ Th2 lymphocyte T lymphocyte count in peri-
pheral blood showed M. tuberculosis infection for 8
weeks had a low percentage of lymphocytes of T-CD4+
Th2 (0.844 ± 0.178), equivalent to 16 weeks of infection
of M. tuberculosis (0.964 ± 0.273) and control group
(0.334+ 0.155). The group that received the last co-
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infection treatment in the form of M. tuberculosis
infection had a significantly lower percentage of CD4+
Th2 lymphocytes than the group treated with the last co-
infection of H. Polygyrus infection as shown in Figure
9.

Figure 9. CD4+ T-lymphocytes expressing IL-4 in
peripheral blood

DISCUSSION

Lymphocyte CD4+ Th2 lymphocyte pattern pattern
shows a tendency that the pattern of IL4 levels in peri-
pheral blood serum has a picture that more closely
resembles the CD4+ Th2 lymphocyte T lymphocyte
pattern in intestinal and peripheral blood tissue, in
contrast to the CD4+ Th2 lymphocyte T lymphocyte
pattern in lung tissue (Figure 9).

The role of T lymphocytes in the immune response to
M. tuberculosis infection is undoubtedly, where a speci-
fic new immune response forms 2-3 weeks after the
onset of infection. Tissue lymphocytes accumulate at
the site of infection, proliferate and secrete cytokines,
especially IFN-. Protective immune responses to M.
tuberculosis are more necessary for the role of Th1 type
cytokines (van Crevel et al., 2002). Th1-type cytokines,
among others, IFN-, are needed not only to activate
macrophages (Shi et al., 2003) but also to assist the
activity of CD8 + T lymphocytes (Salgame 2005;
Vesosky et al., 2006) .

In this study, there was an increase in the percentage of
Th1 lymphocytes in lung tissue and in peripheral blood
that correlated strongly with IFN- cytokine levels in
peripheral blood serum. The increase occurred in the
infection of M. tuberculosis for 8 weeks which subse-
quently 'subside' at the time of infection lasting up to 16
weeks, which is consistent with the results of several
other researchers who found that elevated levels of IFN-

 primarily in the early stages of infection, especially
after the second week after infection (Shi et al., 2003;
Vesosky et al., 2006). In contrast the role of Th2 lymph-
ocytes is very limited, as evidenced by the low percen-
tage of Th2 lymphocytes in lung tissue and peripheral
blood and levels of IL-4 cytokine in peripheral blood
serum in M. tuberculosis infection for 8 weeks. Levels
of IL-4 in new blood increased in the treatment of H.
Polygyrus infection. Increased levels of IL-4 in
peripheral blood serum correlated with the percentage
of Th2 lymphocytes in the intestinal and peripheral
blood tissue but did not affect the percentage of Th2
lymphocytes in lung tissue.

In the co-infected group, the levels of IL-4 in peripheral
blood serum only increased when the last treatment of
infection was H. Polygyrus infection. Nematode worm
infection in the intestine does have a systemic effect on
peripheral blood circulation but does not affect the
percentage of Th1 or Th2 lymphocytes in lung tissue, so
it can be concluded that chronic worm infection has no
effect on M. tuberculosis infection.

CONCLUSION

Sequential co-infection of Heligmosomoides polygyrus
and Mycobacterium tuberculosis leads to differences in
T1 and Th2 type T lymphocyte activity in intracellular
expressing IFN- , IFN- level in peripheral blood
serum, intracellular IL-4 molecule and IL-4 levels in
peripheral blood serum, but the changes do not affect
mmune response to Mycobacterium tuberculosis infect-
ion.
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