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ABSTRAT
Background: Improved access and treatment are critical to controlling the problem. Mo-

lecular diagnostic tests, although available, are not feasible in developing countries. Where

available, these tests require state-of-the-art laboratories and are not cheap. One alterna-

tive to molecular diagnostics is the use of acute phase protein values. This protein is a

protein whose levels will increase or decrease in plasma in response to injury or infam-

mation Objective: This study aimed to analyze the kinetics of granulomas and the role

o IFN-γ and IP-10 in the pathology o tuberculosis in a rat model. Methods: Sixty Wistar

rats were divided into four groups, namely the control group (without MTB induction) and

the MTB-induced group (observations at week-3, week-6, and week-12 post inection). In-

duce tuberculosis with bacterial strain H37Rv ATCC 27294. Results: The number and size

o the granuloma increased to a peak at week 6 and was consistent or weeks 6 and 12

post-inection. The kinetics o granulomas were consistent with IFN-γ and IP-10 levels.

Conclusion: It was concluded that the model of tuberculosis infection by the H37Rv ATCC

27294 strain in Wistar rat ound granuloma characteristics and IFN-γ and IP-10 patterns in

similar kinetics, so that there was involvement of these molecules in TB pathology. Thus,

tuberculosis inection o the H37Rv ATCC 27294 strain in rats can serve as a model or

rapid tuberculosis study and display a complete pathological phase.

Keywords: granuloma, cytokines, chemokines, strain H37Rv ATCC 27294, rats model.

1. BAKGROUN
Every year an estimated 1.4 million cases of tuberculosis (TB) occur in

the world (1). Improved access and treatment are critical to controlling the
problem. Molecular diagnostic tests, although available, are not feasible in
developing countries. Where available, these tests require state-of-the-art
laboratories and are not cheap. One alternative to molecular diagnostics is
the use of acute phase protein values. is protein is a protein whose levels
will increase or decrease in plasma in response to injury or inammation (2).

Acute phase serum levels are elevated in tuberculosis patients. Of these
proteins, CRP is often used clinically as an adjuvant test for diagnosis, es-
pecially in children. Interferon -induced protein 10 (IP-10) is a chemokine
expressed by antigen-presenting cells in response to IFN-γ. By binding to the
CXCR3 receptor, T cell migration will occur to the site of inammation. IP-
10 increases in both pediatric and adult TB cases (3-6). IP-10 is detected in
the urine of active TB patients and decreases with treatment (7). us, IP-10
has the potential for monitoring activity and response to treatment (8-10).
Another study proved that IP-10 was higher in patients with active and latent
TB than in healthy subjects. In addition, the levels are higher in latent TB
than in active TB (11). IP-10 was also signicantly associated with bacterial
load in sputum (9, 12, 13). Despite the potential, until now study using IP-10
as a diagnostic tool has not conducted a disease spectrum study (2). is
leads to the need for studies with animal models to assess the prole of IFN-γ
and IP-10 in the pathological course of tuberculosis. erefore, this in vivo
study aimed to evaluate the pathology of granulomas and changes in IFN-γ
and IP-10 levels in the progression of tuberculosis in animal models.

2. OBJETIVE
This study aimed to analyze the kinetics o granulomas and the role o IFN-γ and IP-10 in

the pathology of tuberculosis in a rat model.
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3. MATERIAL AN METOS
3.1 Animals
We were used male Wistar strains with body weights

of 200–250 grams procured from the Bogor Veterinary
Research Institute's animal house in West Java, Indone-
sia. Rats were housed in biosafety level 3 cages at the
Veterinary Research Institute in Bogor, West Java, Indo-
nesia. roughout the experiment, rat were fed regular
chow and given unlimited access to water.
3.2 Tuberculosis rat model
H37Rv ATCC 27294 was the bacterial strain utilized to

create this tuberculosis model. An inhalation approach
was used to cause pulmonary tuberculosis.
Aerosolids were used to inhale bacteria for
30 minutes. e bacterium concentration
was 105 CFU/lung. Sixty Wistar rats were
divided into four groups, namely the con-
trol group (without MTB induction) and
the MTB-induced group (observations at
week-3, week-6, and week-12 post infec-
tion). Induce tuberculosis with bacterial
strain H37Rv ATCC 27294.
3.3. Lung and blood sampling
e anesthetic ketamine was injected in-

tramuscularly into the rat thigh muscle for
surgery. Blood samples were collected via
the posterior vena cava after surgery in the
thoracic area. Lung organ was then isolat-

ed and histologically processed. When the heart was still
beating, blood was extracted. e blood is then placed in
a vacutainer to isolate the serum. For 15 minutes, blood
samples were centrifuged at 3000 rpm. e serum was
stored at -40oC overnight before being moved to -80oC
the next day for evaluation. All lobes of the lung were
sampled.
3.4. Cytokines analysis
An enzyme-linked immusorbent assay approach was

used to analyze IFN-γ and IP-10 in serum. We use Rat
Interferon Gamma ELISA kit (catalog No. BZ-08183010-
EB) and Interferon-Inducible Protein 10 ELISA kit (cat-
alog No. BZ-08183420-EB) which purchased from Bio-
enzy (Jakarta, Indonesia). e analysis technique was
carried out in accordance with the kit's protocol.
3. 5. Ethics
All experimental animals were kept in facilities ac-

cording to protocols approved by the research ethics
committee of the Faculty of Medicine, Sebelas Maret
University, Surakarta, Central Java, Indonesia.

4. RESULTS
Figure 1 depicts the frequency and size of granulomas

from distinct groups. When compared to the control,
the number and size of granulomas increased consider-
ably at weeks 3, 6, and 12 (p < 0.05). e number and size
of marophages increased at week-6 compared to week-3
(p < 0.05). e number and size of granulomas at week
6 did not dier substantially from those at week 12 (p >
0.05).

Table 1 shows the IFN-γ levels in various groups.
When compared to controls, IFN-γ, levels increased
at weeks 3, 6, and 12 post infection compared the con-
trol (p < 0.05). IFN-γ levels were substantially greater at
week-6 than at week-3 or week-12 (p < 0.05). ere was a
substantial decrease in IFN-γ, levels after 12 weeks com-
pared to 3 or 6 weeks (p < 0.05).

Table 2 shows the IP-10 chemokine levels from the
various observation groups. ere was an increase in
IP-10 levels in all infection groups compared to controls
(p < 0.05). IP-10 levels increased signicantly at week-6
compared to week-3 (p < 0.05). ere was a signicant
decrease in IP-10 at week-12 compared to week-6 or
week-3 (p < 0.05).

Figure 1. The number (A) and size (B) o granuloma rom all
group. a: p < 0.05 in comparison with the control group; a: p <
0.05 in comparison with the tuberculosis group at weeks-3 o
observation.

Cytokine Control Weeks 3 Control Weeks 6 Control Weeks 12

IFN-g 105.45 ±
3.57

130.61 ±
3.85a

105.92 ±
5.08

142.55 ±
4.17 ab

95.09 ±
4.64

118.38 ±
5.36abc

Table 1.The levels o cytokine in each weeks o observationNote: a: p < 0.05
in comparison with its control group at similar observation time; b: p < 0.05 in
comparison with inection group at weeks o 3; c: p < 0.05 in comparison with
inection group at weeks o 6.

Cytokine Control Weeks 3 Control Weeks 6 Control Weeks 12

IP-10
481.79 ±
10.12

680.45 ±
21.79a

484.36 ±
11.35

726.20 ±
7.64ab

482.5 ±
7.41

530.39 ±
20.80abc

Table 2. The levels o IP-10 chemokine in each weeks o observation. Note: a: p <
0.05 in comparison with its control group at similar observation time; b: p < 0.05
in comparison with inection group at weeks o 3; c: p < 0.05 in comparison with
inection group at weeks o 6.
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5. ISUSSION
Experimental animals are very important to under-

stand the pathogenesis and immunity of tuberculosis.
is is based on the characteristics of M. tuberculosis
infection which is very heterogeneous at the level of
pathogenesis and immunity. Non-human primates are
very good at recapitulating the immune response and
sensitivity to TB. As for the smaller animal models,
mice, rats, guinea pigs, rabbits, and zebra sh are more
useful for investigating aspects of granuloma formation,
sensitivity to dierent strains, or pre-clinical vaccine re-
sponse.

In this study, we used mice as animal models to exam-
ine lung pathology and latency. Various mouse strains
have been used to model tuberculosis (14-16). Previous
ndings have proven that model mice display physiolog-
ical and pharmacological characteristics of the model
(17). e lung pathology that we got from the Wistar
mouse model was the formation of granulomas, which
increased signicantly at 3 weeks, 6 weeks, and 12 weeks
post-infection compared to controls. e formation of
granulomas will be stable from 6 to 12 weeks post-in-
fection. We suspected that the bacterial strain we used
(H37Rv ATCC 27294) reached a latent phase starting
at the sixth week. Previous research on the Beijing W4
bacterial strain found that M. tuberculosis infection
would become germ-free within 4 months (18, 19). Our
study is consistent with previous ndings using the same
strain that the bacterial load was constant at 12 weeks
post-infection (20).

IFN-γ is very important for mononuclear cell inam-
mation (21). Inammatory cells activated by cytokines
lead to the formation of granulomas containing patho-
gens (22, 23). In this study it was revealed that IFN-γ
peaked at week 6 and then decreased at week 12 post-in-
fection. is pattern is based on the capacity of IFN-γ
in granuloma formation, which reaches its maximum at
week 6 and then stabilizes until week 12 post-infection.

In this study we found the same pattern between IFN-γ
and IP-10. is indicates that the expression of IFN-γ
and IP-10 has the same prole. IP-10 is a chemokine ex-
pressed by antigen presenting cells in response to IFN-γ.
Binding to the CXCR3 receptor will trigger T cell migra-
tion to the site of infection (2, 4. 8, 24). e level of IP-10
is higher than IFN-γ so it has the opportunity as a mark-
er of disease detection and monitoring (8, 25). Our study
agrees with the theory that IP-10 levels are higher than
IFN-γ and have similar secretory dynamics. It is inter-
esting that there was a decrease in the secretion of both
markers at week 12. is shows that the strain that we
used has a faster latency time than the other strains. e
Beijing W4 strain gained a latency of 4 months (18). In
addition, it was found that there was an increase in IP-10
in the three weeks of observation compared to controls.
is indicates that IP-10 is involved in the development
of pulmonary tuberculosis in a biphasic pattern, increas-
ing at maximal levels in 6 weeks and then decreasing at
12 weeks. IP-10 is a potent chemoattractant for attract-
ing monocytes and T cells to sites of inammation. e
increase at week-3 and peak at week-6 is intended to in-

hibit the growth of germs. is strengthens the results
of previous studies, which proved the function of IP-10
as an inhibitor of the growth of MTB bacteria in the ex
vivo system (26).

6. ONLUSION
It was concluded that the model of tuberculosis in-

fection by the H37Rv ATCC 27294 strain in mice found
granuloma characteristics and IFN-γ and IP-10 patterns
with similar kinetics, so there was involvement of these
molecules in TB pathology. us, tuberculosis infection
of the H37Rv ATCC 27294 strain in mice can serve as a
model for rapid tuberculosis research and display a com-
plete pathological phase.

• Acknowledgments: All author akcnowledged to technician
and laboratory animal worker in Pathology and Cinical Pa-
thology Laboratory, Faculty o Medicine, Sebelas Maret Uni-
versity, Surakarta, Central Java, Indonesia.

• Ethical approval: All experimental animals were kept in acil-
ities according to protocols approved by the research ethics
committee o the Faculty o Medicine, Sebelas Maret Univer-
sity, Surakarta, Central Java, Indonesia.

• Author contributions: Each author gave substantial contri-
bution to the conception, in design o in the acquisition, anal-
ysis and interpretation o data or the article. Each author
had role in drating the article and revising it critically or
important intellectual content. All the authors have accepted
responsibility or the entire content o this submitted manu-
script and approved submission.

• onfict o interest: The authors have no confict o interest
to declare.

• Financial support and sponsorship:There is no grant und-
ing.

REFERENES
1. World Health Organization. Global tuberculosis report. 2017. 

Available at: http://www.who.int/tb/publications/global_re-
port/en/.

2. Santos VS, Goletti D, Kontogianni K, Adams ER, Molina-Moya 
B, Dominguez J. Acute phase proteins and IP-10 as triage tests for 
the diagnosis of tuberculosis: systematic review and meta-anal-
ysis. Clin Microbiol Infect 2019; 25: 169-177. 

3. Petrone L, Cannas A, Aloi F, Nsubuga M, Sserumkuma J, Naz-
ziwa RA, et al. Blood or urine IP-10 cannot discriminate between 
active tuberculosis and respiratory diseases dierent from tuber-
culosis in children. BioMed Res Int. 2015; 2015: 589471. 

4. Petrone L, Cannas A, Vanini V, Cuzzi G, Aloi F, Nsubuga M, et 
al. Blood and urine inducible protein 10 as potential markers of 
disease activity. Int J Tubercul Lung Dis 2016;20:1554–61.

5. Yassin MA, Petrucci R, Garie KT, Harper G, Teshome A, Arbide 
I, et al. Use of tuberculin skin test, IFN-gamma release assays 
and IFN-gamma-induced protein-10 to identify children with 
TB infection. Eur Respir J. 2013; 41: 644–648.

6. Azzurri A, Sow OY, Amedei A, Bah B, Diallo S, Peri G, et al. 
IFN-gamma-inducible protein 10 and pentraxin 3 plasma levels 
are tools for monitoring inammation and disease activity in My-
cobacterium tuberculosis infection. Microb Infect. 2005; 7: 1-8.

7. Cannas A, Calvo L, Chiacchio T, Cuzzi G, Vanini V, Lauria FN, 
et al. IP-10 detection in urine is associated with lung diseases. 
BMC Infect Dis. 2010. doi: 10.333, 2334-10- 333.

8. Ruhwald M, Aabye MG, Ravn P. IP-10 release assays in the diag-
nosis of tuberculosis infection: current status and future direc-



Kinetics o Granuloma, IFN-γ and IP-10 in a Wistar Rat Model Inected with Mycobacterium Tuberculosis

251ORIGINAL PAPER | ME AR. 2022 AUG; 76(4): 248-251

tions. Expert Rev Mol Diagn. 2012; 12: 175–187.
9. García-Basteiro AL, Mambuque E, den Hertog A, Saavedra B, 

Cuamba I, Oliveras L, et al. IP-10 kinetics in the rst week of 
therapy are strongly associated with bacteriological conrma-
tion of tuberculosis diagnosis in HIV infected patients. Sci Rep. 
2017; 7: 14302.

10. Kabeer BSA, Raja A, Raman B, angaraj S, Leportier M, Ip-
polito G, et al. IP-10 response to RD1 antigens might be a use-
ful biomarker for monitoring tuberculosis therapy. BMC Infect 
Dis. 2011; 11: 135.

11. Petrone L, Vanini V, Chiacchio T, Petruccioli E, Cuzzi G, Schin-
inà V, et al. Evaluation of IP-10 in Quantiferon-Plus as biomarker 
for the diagnosis of latent tuberculosis infection. Tuberculosis. 
2018; 111: 147-153. 

12. Wergeland I, Pullar N, Assmus J, et al. IP-10 dierentiates be-
tween active and latent tuberculosis irrespective of HIV sta-
tus and declines during therapy. J Infect. 2015; 70(4): 381–391. 

13. Ciccacci F, Floridia M, Bernardini R, Sidumo Z, Mugunhe RJ, 
Andreotti M, et al. Plasma levels of CRP, neopterin and IP-10 
in HIV-infected individuals with and without pulmonary tu-
berculosis. J Clin Tuberc Other Mycobact Dis. 2019; 16: 100107. 

14. Elwood RL, Wilson S, Blanco JC, Yim K, Pletneva L, Nikonenko 
B, Samala R, Joshi S, Hemming VG, Trucksis M. e American 
cotton rat: a novel model for pulmonary tuberculosis. Tubercu-
losis. 2007; 87: 145e54.

15. Gaonkar S, Bharath S, Kumar N, Balasubramanian V, Shandil 
RK. Aerosol infection model of tuberculosis in Wistar rats. Int J 
Microbiol. 2010: 426035.

16. Sugawara I, Yamada H, Mizuno S. Pathological and immunologi-
cal proles of rat tuberculosis. Int J Exp Pathol. 2004; 85: 125e34.

17. Mohammadzadeh P. Pharmacokinetics and dose response of 
three dierent anti-TB drugs in rat (balb/c) infection model of 
tuberculosis. Int J Mycobacteriol. 2015; 4: 170.

18. Singhal A, Aliouat EM, Hervé M, Mathys V, Kiass M, Creusy 

C, et al. Experimental tuberculosis in the Wistar rat: a model 
for protective immunity and control of infection. PLoS ONE. 
2011; 6: e18632. 

19. Singhal A, Mathys V, Kiass M, Creusy C, Delaire B, et al. BCG 
Induces protection against Mycobacterium tuberculosis Infec-
tion in the Wistar Rat Model. PLoS ONE. 2011; 6(12): e28082. 
doi:10.1371/journal.pone.0028082.

20. Kumar N, Vishwas KG, Kumar M, Reddy J, Parab M, Manikanth 
CL, Pavithra BS, Shandil RK. Pharmacokinetics and dose re-
sponse of anti-TB drugs in rat infection model of tuberculosis. 
Tuberculosis. 2014; 94: 282-286.

21. Domingo-Gonzalez R, Prince O, Cooper A., Khader SA. Cyto-
kines and Chemokines in Mycobacterium tuberculosis Infec-
tion, in: Tuberculosis and the Tubercle Bacillus. John Wiley & 
Sons, Ltd, 2017: 33–72.

22. Gideon HP, Phuah J, Myers AJ, Bryson BD, Rodgers MA, Coleman 
MT, et al. 2015. Variability in Tuberculosis Granuloma T Cell Re-
sponses Exists, but a Balance of Pro- and Anti-inammatory Cy-
tokines Is Associated with Sterilization. PLoS. 2015; Pathog: 11.

23. Orme IM, Basaraba RJ. 2014. e formation of the granuloma 
in tuberculosis infection. Semin Immunol. 2014; 26: 601-609.

24. Ruhwald M, Dominguez J, Latorre I, Losi M, Richeldi L, Pasticci 
MB, et al. A multicentre evaluation of the accuracy and perfor-
mance of IP-10 for the diagnosis of infection with M. tuberculo-
sis. Tuberculosis (Edinb). 2011; 91: 260–267. 

25. Chegou NN, Heyckendorf J, Walzl G, Lange C, Ruhwald M. Be-
yond the IFN-gamma horizon: biomarkers for immunodiag-
nosis of infection with M. tuberculosis. Eur Respir J. 2014 May 
43(5): 1472e86.

26. Palucci I, Battah B, Salustri A, Maio FD, Petrone L, Ciccosanti 
F, et al. IP-10 contributes to the inhibition of mycobacterial 
growth in an ex vivo whole blood assay. Int J Med Microbiol. 
2019; 309(5): 299-306.


