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A B S T R A C T   

Background: Mycobacterium tuberculosis that infected apoptotic macrophages is triggered by PGE2. Apoptosis 
suppresses the growth of Mycobacterium tuberculosis bacteria, which is shown in the results of acid-fast bacilli 
(AFB) in the sputum that becomes a marker of the number of bacteria. 
Objective: Analyzing the association between serum PGE2 levels and the positivity of AFB in the sputum of 
tuberculosis patients. 
Methods: A cross-sectional study was carried out from August 2019–July 2020. Serum PGE2 levels and AFB levels 
in sputum were collected from participants. Data analysis used the Chi-square test and Spearman’s correlation 
with p < 0.05. 
Results: The average participants’ serum PGE2 levels were 446.37 ± 510.27 pg/ml, with a median value of 
216.95 pg/ml. Most participants had normal serum PGE2 levels (62.9%). Most participants had a high positivity 
of AFB in sputum (58.1%). Analysis of the association between serum PGE2 levels and the degree of AFB posi-
tivity in sputum obtained r = − 0.036 and p-value = 0.780. 
Conclusion: There is a weak negative association between serum PGE2 levels and the degree of AFB positivity in 
sputum but not statistically significant.   

1. Introduction 

Tuberculosis (TB) is still a global health problem [1]. The increase in 
TB cases is accompanied by an increase in drug-resistant TB (DR TB) 
cases. In the Global Tuberculosis Report, WHO reported that 10 million 
people were suffering from TB, both new and relapsed cases, with 558, 
000 of whom had DR TB [2]. Indonesia ranks third in the country with 
the highest TB incidence globally, both new and relapse cases. The 
number of new and relapsed TB cases in Indonesia in 2017 was 442,172, 
and 54% of them were confirmed bacteriologically by either acid-fast 
bacilli (AFB) sputum staining or sputum culture [3]. 

The pathogenesis of TB is an interaction between Mycobacterium 
tuberculosis and the host [4]. The process begins with alveolar macro-
phages and dendritic cells as the first cells facing Mycobacterium tuber-
culosis bacteria. Macrophages’ response as the mainline in dealing with 
Mycobacterium tuberculosis infection is influenced by various inflamma-
tory mediators [5]. The failure of macrophages to control the number of 
Mycobacterium tuberculosis will result in the significant growth of 

bacteria [6,7]. 
This condition emphasizes the important role of the host immune 

system in determining the susceptibility of TB to relapse. Several studies 
pointed out that Prostaglandin E2 (PGE2) affects macrophages as the 
main cells in the innate immune system. PGE2 induces apoptosis and 
inhibits necrosis of macrophages infected with Mycobacterium tubercu-
losis [5,8,9]. Macrophage apoptosis is reported to reduce the growth rate 
of Mycobacterium tuberculosis, which is very important in the elimination 
mechanism of bacteria that infects the lungs, whereas necrosis plays the 
opposite role [5,8,10]. When the growth of Mycobacterium tuberculosis 
cannot be inhibited, the number of bacteria will increase. The high 
number of bacterias is reflected in the degree of phlegm AFB positivity. 
The higher the value of positivity for AFB in sputum, the greater the 
number of Mycobacterium tuberculosis bacteria contained in each ml of 
sputum [11]. The higher the number of bacterias, the easier it is can 
transmit, broader lung damage, and an increased risk of resistance [12, 
13]. 

Based on the facts above, this study further revealed the association 
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between PGE2, which represents the innate immune system, and the 
degree of phlegm AFB positivity, which represents the number of bac-
terias. This research is important because no similar study was con-
ducted in humans, so it is hoped that this research could provide further 
research. 

2. Methods 

2.1. Participants 

Participants in this study were both new and relapsed patients with 
pulmonary tuberculosis. The inclusion criteria were patients diagnosed 
with pulmonary tuberculosis [3,14], positive sputum examination re-
sults for AFB, aged 21–65 years, who cooperated during the research 
procedure. Meanwhile, the exclusion criteria included patients with risk 
factors for immunocompromised (AIDS, malignancy, and systemic lupus 
erythematosus), patients having received anti-tuberculosis drug therapy 
for their current illness, patients taking non-steroidal anti-inflammatory 
drugs and/or corticosteroids in the past week. 

2.2. Ethical clearance 

Participants and their families filled out the consent form before the 
study. Participants filled out the consent form consciously and without 
coercion. This study received ethical approval based on the Declaration 
of Helsinki and obtained the registry of research at the Health Research 
Ethics Committee in the Hospital. 

2.3. Study design 

A cross-sectional study was carried out from August 2019–July 2020. 
The number of participants in this study was 62 patients that were ob-
tained using Ronald Fisher’s classic z transformation formula. The 
sample collection used a consecutive sampling technique (Fig. 1). Serum 
PGE2 levels and levels of AFB in sputum were taken from the partici-
pants. This study report is by the Strengthening the Reporting of Cohort 
Studies in Surgery (STROCSS) 2019 guideline [15]. 

2.4. Measurement of serum PGE2 level 

Serum PGE2 level is the total concentration of PGE2 in the blood of 
pulmonary tuberculosis patients. This examination was carried out by 
taking 3–5 ml of the patient’s venous blood and analyzed using the Elisa 

Kit PGE2 (pg/ml). Serum PGE2 level is categorized into high if the value 
is more than 400 pg/ml, normal if the value is 200–400 pg/ml, and low 
if the value is less than 200 pg/ml [16]. 

2.5. Acid-fast bacilli test 

Sputum examination was conducted to determine the degree of the 
participant’s AFB positivity. Sputum collection for participants is carried 
out by the patient independently in the morning [17] which the 
participant gets an explanation form a pulmonary specialist regarding 
effective deep breathing and coughing techniques [18]. The sputum is 
put into a tube that has been prepared previously and then taken to the 
laboratory for analysis. The examination of AFB in the participant’s 
sputum used the acid-fast staining method (Ziehl Nielssen) or the rapid 
molecular test of sputum with the GeneXpert machine [19]. The degree 
of phlegm AFB positivity was assessed based on the International Union 
Against Tuberculosis Lung Disease (IUATLD) standards which were 
categorized into 2: low (1+ and scanty) and high (2+ and 3+) [19,20]. 

2.6. Statistical analysis 

The analysis in this study used descriptive analysis and bivariate 
analysis. Descriptive analysis included the presentation of the results 
descriptively using the distribution table, mean, median, standard de-
viation, maximum value, and minimum value. Meanwhile, bivariate 
analysis was used to assess the association between two variables. The 
association between variables was analyzed using the Chi-Square test 
and assessed the association strength using the Spearman correlation 
test. The analysis was declared significant if p < 0.05. The analysis was 
assisted by IBM SPSS Statistics software version 21.0 (IBM Corp., 
Armonk, NY, USA). 

3. Results 

3.1. Characteristic of participant 

Most participants were male who was 43.37 ± 12.58 years old. 
Meanwhile, the median of participants’ age was 44.5 years, with the 
lowest age being 21 years and the highest being 64 years. Some patients 
had a smoking habit (56.5%) and comorbidity of diabetes mellitus 
(32.3%). A total of 37 participants were new tuberculosis patients and 
the rest were relapsed, tuberculosis patients. Most participants had a 
body mass index (BMI) in the skinny category as much as 53.2% 

Fig. 1. Participant requitement process.  
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(Table 1). The average BMI value was 19.46 ± 4.05 kg/m2, with a value 
range of 14.20–38.28 kg/m2. 

3.2. Distribution of serum PGE2 levels in tuberculosis patients 

Most participants had normal serum PGE2 levels (62.9%; Table 1). 
The average participants had serum PGE2 levels of 446.37 ± 510.27 pg/ 
ml, with a median value of 216.95 pg/ml. The lowest and highest value 
of the participants’ serum PGE2 levels were 191.00 pg/ml and 2374.00 
pg/ml, respectively. The serum PGE2 levels of smoking and non-smoking 
participants was 228.80 (191.0–2,3374.0) pg/ml and 214.40 
(198.3–1724.0) pg/ml, respectively. Most serum PGE2 levels of smoking 
participants were normal (50%), while the serum PGE2 levels of non- 
smoking participants were mostly normal (78%; p = 0.053). The me-
dian value of serum PGE2 levels for participants with and without dia-
betes mellitus was 217.30 (191.0–1986.0) pg/ml and 216.80 
(193.0–2374.0) pg/ml, respectively. The value of serum PGE2 levels of 
participants with and without diabetes mellitus were 45% and 71%, 
respectively, indicating that most participants had normal values (p =

0.118; Table 2). 
Most of the participants’ serum PGE2 levels were normal in both 

groups of participants with a new diagnosis of pulmonary tuberculosis 
(62%) and relapsed (64%; p = 0.292). The median value of serum PGE2 
levels for participants diagnosed with new pulmonary tuberculosis was 
215.70 (191.0–1724.0) pg/ml and participants diagnosed with relapsed 
pulmonary tuberculosis was 224.40 (193.2–2374.0) pg/ml. Partici-
pants’ serum PGE2 levels that were categorized by BMI were mostly 
normal, with 73% of skinny participants, 50% of normal participants, 
and 60% of fat participants (p = 0.058; Table 3). The median value of 
serum PGE2 levels of participants with BMI in the skinny category was 
222.60 (194.3–1986.0) pg/ml, normal was 210.30 (191.0–2374.0) pg/ 
ml, and fatwas 216.40 (199.0–1497.0) pg/ml. 

3.3. Distribution of positivity of acid-fast bacilli in sputum of tuberculosis 
patients 

Most participants had a high degree of AFB positivity in sputum as 
much as 58.1% (Table 1). Most participants who were diagnosed with 
new cases of pulmonary tuberculosis had a high degree of AFB positivity 
(68%). Meanwhile, most participants diagnosed with relapsed pulmo-
nary tuberculosis had a low positivity degree (56%; p = 0.065). Some 
participants had a high degree of AFB positivity in participants with and 
without a history of diabetes mellitus of 65% and 55%, respectively (p =
0.455). Participants’ BMI was categorized into 3, namely skinny, 
normal, and fast, in which some participants had a high degree of AFB 
positivity (p = 0.561). Most smoking (56%) and non-smoking (61%) 
participants had high positivity of AFB (p = 0.798; Table 3). 

4. Association between serum PGE2 levels and positivity of acid- 
fast bacilli in sputum of tuberculosis patients 

The results showed that most participants with low (89%) and high 
(71%) serum PGE2 levels had a high positivity of AFB in sputum as much 
as 89%. Meanwhile, participants with normal serum PGE2 levels had a 
low positivity degree of AFB in sputum as much as 54% (p = 0.036). The 
strength of the association between serum PGE2 levels and the degree of 
AFB positivity in sputum obtained r = − 0.036 and p-value = 0.780 
(Table 4). 

5. Discussion 

PGE2 is a derivative of arachidonic acid produced by various in-
flammatory cells, especially macrophages. PGE2, as an inflammatory 
mediator, plays a role in regulating various cell functions, namely 
macrophages, T cells, etc. In addition, PGE2 plays a role in various body 
functions such as blood pressure regulation, temperature regulation, 
gastric protection, and childbirth [21]. Under various conditions such as 

Table 1 
Characteristic of participant.  

Variable n (%) 

Sex 
Male 36 (58.1) 
Female 26 (41.9) 

Education 
Elementary School 8 (12.9) 
Junior High School 12 (19.4) 
Senior High School 34 (54.8) 
College 7 (11.3) 
Not attending school 1 (1.6) 

History of Diabetes Mellitus 
Yes 20 (32.3) 
No 42 (67.7) 

History of Tuberculosis Treatment 
New case 37 (59.7) 
Relapse 25 (40.3) 

Smoking Habit 
Smoking 35 (56.5) 
No smoking 27 (43.5) 

Degree of Acid-Fast Bacilli Positivity 
Low 26 (41.9) 
High 36 (58.1) 

Serum PGE2 Level 
Low 9 (14.5) 
Normal 39 (62.9) 
High 14 (22.6) 

Body Mass Index 
Skinny (<18.5 kg/m2) 33 (53.2) 
Normal (18.5–25.0 kg/m2) 24 (38.7) 
Fat (>25.0 kg/m2) 5 (8.1)  

Table 2 
Distribution of serum PGE2 levels in tuberculosis patients.  

Variable Serum PGE2 Levels p 

Low Normal High 

Pulmonary Tuberculosis 
New case 6 (16) 23 (62) 8 (22) 0.292 
Relapse case 3 (12) 16 (64) 6 (24)  

Diabetes mellitus 
Yes 4 (20) 9 (45) 7 (35) 0.118 
No 5 (12) 30 (71) 7 (17)  

BMI 
Skinny 1 (3) 24 (73) 8 (24) 0.058 
Normal 7 (29) 12 (50) 5 (21)  
Fat 1 (20) 3 (60) 1 (20)  

Smoking 
Yes 6 (18) 17 (50) 11 (32) 0.053 
No 3 (11) 22 (78) 3 (11)  

Abbreviation: BMI = body mass index. 

Table 3 
Distribution of positivity of acid-fast bacilli in sputum of tuberculosis patients.  

Variable Degree of Acid-Fast Bacilli Positivity p 

Low (%) High 

Pulmonary Tuberculosis 
New case 12 (32) 25 (68) 0.065 
Relapse case 14 (56) 11 (44)  

Diabetes Mellitus 
Yes 7 (35) 13 (65) 0.455 
No 19 (45) 23 (55)  

BMI 
Skinny 15 (45) 18 (55) 0.561 
Normal 10 (42) 14 (58)  
Fat 1 (20) 4 (80)  

Smoking 
Yes 15 (45) 19 (56) 0.798 
No 11 (39) 17 (61)  

Abbreviation: BMI = body mass index. 
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changes in environmental temperature, hunger conditions, stress, PGE2 
will be produced so that levels in the body will rise and fall in various 
ways [22]. 

Schoenberger et al. reported an increase in serum PGE2 levels in 
patients with diabetic retinopathy [23]. A study conducted by Lo et al. 
showed that the increase in serum PGE2 levels was due to the upregu-
lation of the cyclooxygenase-2 (COX2) enzyme in patients with diabetes 
mellitus [24]. Kumar et al. reported differences in plasma PGE2 levels in 
TB patients compared to TB-DM [16]. These results are inconsistent with 
various studies that reported increased levels of PGE2 in smokers. 
Amadio et al. reported an increase in PGE2 production in smokers due to 
the modulation of expression of tissue factors exposed to cigarette smoke 
[25]. Chen et al. in their study also reported the role of cigarette smoke 
in increasing PGE2 production [26]. 

The condition obtained in this study seemed to occur because of the 
patient’s experience factor. In patients with relapse cases, the experience 
of suffering from TB in the past will make the patient who has a cough 
immediately come to the health facility. Meanwhile, new case patients 
ignore the cough complaint that leads to accompanying complaints such 
as weight loss, hemoptysis, or fever. When these accompanying com-
plaints occur, the course of TB disease would be long enough to increase 
the number of bacterias [1]. 

The profile of serum PGE2 levels showed that the average partici-
pants had 446.23 pg/ml, with a standard deviation of 510.27 pg/ml. 
According to some literature, normal serum PGE2 levels range from 200 
to 400 pg/ml [16]. PGE2 is a derivative of arachidonic acid produced 
mainly by inflammatory cells to face invading pathogens from outside. 
The effect of PGE2 will trigger apoptosis of macrophages infected with 
Mycobacterium tuberculosis [4]. Macrophage apoptosis will have an 
elimination effect because Mycobacterium tuberculosis bacteria can be 
destroyed. PGE2 also suppresses macrophage necrosis which can lead to 
bacterial dissemination. Increased levels of PGE2 are associated with a 
decrease in the number of bacteria in the lung [7]. 

The negative association between serum PGE2 levels and the degree 
of phlegm AFB positivity is by a study conducted by Dietzold and 
Amaral. Dietzold et al. reported that high levels of PGE2 and low levels 
of LXA4 suppress the growth of Mycobacterium tuberculosis [7]. Amaral 
et al. also reported that PGE2 is associated with macrophage apoptosis in 
vitro. Apoptotic macrophages infected with Mycobacterium tuberculosis 
will increase the elimination of these bacterias [4]. The two studies 
above reported a significant association between PGE2 and the growth of 
Mycobacterium tuberculosis. The statistical analysis results of this study 
showed that the association between serum PGE2 levels and the degree 
of AFB positivity was not statistically significant. The main difference 
between this study and the two studies above is that both were carried 
out on mice and in vitro, whereas this study was conducted on pulmo-
nary TB patients with various complications and uncontrollable 
comorbidities. 

The results of this study can be used as consideration for conducting 
further research on the predictor factors for the positivity of AFB in 
pulmonary TB patients. The use of PGE2 together with LXA4 is expected 
to be able to assist clinicians in predicting the level of AFB positivity in 
pulmonary TB patients with specific chest X-ray images but difficulty in 
expectorating phlegm. In addition, in the future study it can be 

considered to analyze the comparison of PGE2 in TB patients, smokers 
patients, smokers with tuberculosis, etc. 

Nevertheless, this study has several limitations. First, extreme serum 
PGE2 levels were found in some research subjects. This can be caused by 
various factors that can increase PGE2 levels that cannot be controlled. 
Second, this study only examined PGE2 levels in TB patients without 
comparing them with PGE2 levels in healthy persons, so it cannot be 
used as a predictor factor for the degree of positivity of AFB with 
sputum. 

6. Conclusion 

The average age of new and relapsed pulmonary TB patients is 43.37 
years, mostly male, have a high school education, have a smoking habit, 
have a low BMI, and have no history of DM. The median serum PGE2 
level of new and relapsed pulmonary TB patients was 216.95 pg/ml. The 
majority of new pulmonary TB patients have a high degree of positivity 
for AFB in sputum, but relapsed pulmonary TB patients have a low de-
gree of positivity for AFB. This study finds a weak negative association 
between serum PGE2 levels and the degree of phlegm AFB positivity but 
not statistically significant. 
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