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Abstract

Tuberculosis (TB) is a dangerous infection affecting about one third of the world population, despite the availability of affordable and effective chemotherapy, 
remaining one of the major causes of death from a single infectious agent worldwide. Here the measurement of ADA, LDH, protein and glucose has been advocated to 
help diagnose tuberculous pleural and peritoneal effusions in TB patients. Although considered defi nitive, microbiological tests have limited sensitivity and culture has 
to be prolonged for several weeks before being reported negative, in diagnosing tubercular pleural and peritoneal effusions and have more sensitivity and specifi city as 
compared to pleural fl uid culture and biopsy, and by estimation of values of these tests could be a useful tool for diagnosing tubercular pleural and peritoneal effusion. 
Thus a biochemical test is potentially useful, although high diagnostic accuracy is necessary.
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Introduction

Tuberculosis is (TB) highly contagious bacterial infection 
caused by bacteria called Mycobacterium tuberculosis (MTB), 
affecting about one third of the world population and 
remaining one of the major causes of deaths worldwide [1]. 
MTB infection can spread through the air from one person to 
another and causes active disease or latent infection [2]. MTB 
infection is preventable via Bacillus of Calmette and Guérin 
(BCG) vaccination and curable with antituberculous drugs. 
The clinical manifestations of tuberculosis are dependent 
on a number of factors: age, immune status, co-existing 
diseases, immunization status to the bacillus Calmette-
Guerin (BCG); virulence of the infecting organism and host-
microbe interaction [3]. If a TB infection does become active, 

it most commonly involves the lungs (in about 90% of cases). 
Symptoms may include chest pain and a prolonged cough 
producing sputum [4]. Tuberculosis may occur in any location 
from the mouth to the anus, although lesions proximal to the 
terminal ileum are unusual. The abdomen is the most common 
site of extrapulmonary tuberculosis, with peritoneal disease 
being the commonest form within the abdomen. Tuberculous 
ascites, one of the clinical signs of abdominal TB, implies 
accumulation of fl uid in the abdomen, a swollen abdomen, and 
slightly raised tubercles of 1–2 mm all over the peritoneum [5].

The most common sites of extrapulmonary tuberculosis 
are the bones and joints, lymph nodes, abdomen, spinal cord, 
brain and pleura [2]. Among these sites the pleura provide 
useful information about the etiology of pleural effusion. 
Pleural effusions result from excessive fl uid formation and 
its accumulation in the pleural space. The pleural effusion is 
likely a manifestation of paucibacillary mycobacterial infection 
within the pleural space [6]. Tuberculous pleural effusion 
(TPE) results from Mycobacterium tuberculosis infection of the 
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pleura and is characterized by an intense chronic accumulation 
of fl uid and infl ammatory cells in pleural space [7]. In the 
context of present study different investigation have done in 
the tubercular pleural and peritoneal effusion to analyze the 
levels of ADA, total proteins, glucose and lactate dehydrogenase 
and comparison between tubercular pleural and peritoneal 
effusion in TB patients.

Materials and methods

The present study was conducted in 20 patients of 
tubercular pleural effusion (test group) and 40 patients 
of non-tubercular pleural effusion (control group) in the 
department of  biochemistry and pulmonary medicine ward 
and 20 patients of peritoneal effusion (test group) and 40 
patients of non-tubercular peritoneal effusion (control group) 
in the department of biochemistry and gasteroenterology 
ward of shri guru ram rai institute of medical and shri mahant 
indiresh hospital, dehradun during 2016 to 2018. The various 
biochemical investigations of these patients were assessed and 
compared to the normal controls. The pleural and peritoneal 
fl uid was confi rmed positive for mycobacterium tuberculosis 
during TB-PCR. Also the pleural and peritoneal fl uid showed 
positive for Mycobacteria tuberculosis in Acid-Fast Bacillus 
(AFB) testing culture. The age groups of all the persons from 
3-88 years were taken. Both the gender was taken.

Methods

Different tests were performed by employing various 
methods.

Test for glucose

VITROS Chemistry products glucose (GLU) slides 
quantitatively measure glucose concentration in serum, urine, 
and fl uids using VITROS 250 AND 5, 1 FS Chemistry Systems 
and the VITROS 5600 Integrated Systems.

Test type and conditions for glucose

Test type: Colorimetric

VITROS system: 56000,5,IFS, 250

Approximate incubation time: 5 minutes

Temperature: 37°C

Wavelength: 540 nm

Reaction sample volume: 10μL

Reaction sequence

-D-glucose + O+ H2O....Glucose oxidase... D-gluconic acid 
+ H2O2

2H2O2+4-aminoantipyrine+1, 7- dihydronapthalenered..
Peroxidase..Quinoneimine +4H2O

Test for protein

VITROS Chemistry products PROT slides quantitatively 
measure protein concentration in fl uid using VITROUS 250 
and 5, 1 FS chemistry systems and the VITROS 5600 integrated 
system.

Test type and conditions for protein

Test type: Colorimetric

VITROS system: 56000,5,IFS, 250

Approximate incubation time: 5 minutes

Temperature: 37°C

Wavelength: 670 nm

Reaction sample volume: 10μL

Reaction sequence

Cu-azo dye complex + protein...LiOH.. Cu-protein 
complex + azo dye

Test for adenosine deaminase (ADA)

MICROXPRESS ADA-MTB is a reagent for laboratory use 
only.

ADA-MTB comprises of:

a) Level 1 (L1) - ADA-MTB Reagent – Buffer Reagent.

b) L2- ADA-MTB Reagent – Adenosine Reagent.

c) L3- ADA-MTB Reagent – Phenol Reagent.

d) L4- ADA-MTB Reagent – Hypochlorite Reagent.

e) S- ADA-MTB Standard –ADA Standard.

Reaction sequence

Adenosine + H2O... ADA…. Ammonia + Inosine  

Ammonia + Phenol + Hypochlorite... Alkaline Medium...Blue 
Indophenol Complex  

Test for LDH

The VITROS LDH slide method is performed using the 
VITROS LDH Slides and the VITROS Chemistry Products 
Calibrator Kit 3 on VITROS Chemistry Systems. The VITROS 
LDH Slide is a multilayered, analytical element coated on a 
polyester support.

A drop of patient sample is deposited on the slide and is 
evenly distributed by the spreading layer to the underlying 
layers. Lactate dehydrogenase catalyzes the conversion of 
pyruvate and NADH to lactate and NAD+. The oxidation of 
NADH, which is monitored by refl ectance spectrophotometry 
is used to measure lactate dehydrogenase activity.

Reaction sequence

Pyruvate + NADH + H+....LDH… Lactate + NAD+

Test type and Conditions for LDH

Test type: Multiple-point rate

VITROS system: 5,1 FS, 950, 750, 550, 250

Approximate incubation time: 5 minutes

Temperature: 37°C

Wavelength: 340 nm

Reaction sample volume: 11μL
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Observations and results

The various biochemical investigations of these patients 
were assessed and compared to the normal controls. 

Comparison of pleural fl uid ADA, glucose, protein and 
LDH levels in the test group and control group

Pleural fl uid serves a physiologic function in respiration, 
while also being a useful measure to diagnose and assess 
disease, TB, and other abnormalities. Many conditions can 
cause problems within the pleural cavity and in the pleural 
fl uid [8]. Fluid analysis can determine the cause of the effusion 
and abnormalities.

In the context of present study pleural fl uid analysis in the 
TB patients were examined. Different parameters (ADA, glucose, 
protein and LDH) were taken to analysis the concentration as 
compared to the control groups to distinguish them from TB 
patients. The observed mean±SD of ADA, glucose, protein and 
LDH in tubercular pleural effusion cases were 84.81±44.55 
IU/L, 80.73±42.2 mg/dL, 4.67±0.9 gm/dL and 3404.2±9201.67 
IU/L respectively whereas the mean±SD in non-tubercular 
pleural effusion were 51.43±42.32 IU/L, 94.72±45.82 mg/
dL,4.07±0.94 gm/dL and 783.85±933.53 IU/L. The P-value 
for each parameter was calculated as 0.0009, 0.1595, 0.0237 
and 0.0770 respectively, as shown in the Table 1 and Figure 
1. The difference of ADA and proteins in the test group and 
control group was found to be signifi cant and the difference of 
glucose and LDH in the test group and control group was not 
statistically signifi cant.

Comparison of peritoneal fl uid ADA, glucose, protein 
and LDH levels in the test group and control group

Peritoneal fl uid is a liquid made in the abdominal 
cavity which lubricates the surface of tissue that lines 
the abdominal wall and pelvic cavity. There are many reasons 
for fl uid accumulation, but the clinical presentation of TB 
ascites is challenging. 

Here the various parameters were chosen in the TB patients 
to correlate with the control groups. In the context of present 
study the observed mean±SD of ADA, glucose, protein and 
LDH in tubercular peritoneal effusion cases were 111.47±98.33 
IU/L, 54.15±26.26 mg/dL, 4.92±1.67 gm/dL and 574.8±186.54 
IU/L respectively whereas the mean±SD in non- tubercular 
peritoneal effusion were 12.9±11.58 IU/L, 122.8±78.94 mg/
dL, 2.49±0.91 gm/dL and 77.7±16.57 IU/L. The P-value for 
each parameter was calculated as 0.000, 0.0007, 0.0001 and 
0.0001 respectively, as shown in the Table 2 and Figure 2. 
The difference of ADA, protein and LDH in the test group and 
control group was found to be highly signifi cant.

Comparison between pleural fl uid and peritoneal fl uid of 
ADA, glucose, protein and LDH levels in the test group

Finally the above determined parameters were compared 
in the pleural and peritoneal fl uids of the test groups. As 
determined from the above data the observed mean±SD of 
ADA, glucose, protein and LDH in tubercular pleural effusion 

Table 1: Comparision of pleural fl uid ADA, glucose, protein and LDH levels in the 
test group and control group.

Parameter
Test group

(n=40)
Control group

(n=40)
t-value p-value

Level of
signifi cance

Mean±SD

ADA (IU/L) 84.81±44.55 51.43±42.32 -3.436 0.0009 S

Glucose(mg/dL) 80.73±42.2 94.72±45.82 1.420 0.1595 NS

Protein (gm/dL) 4.67±0.94 4.07±1.35 -2.307 0.0237 S

LDH (IU/L) 3404.2±9201.67 783.85±933.53 -1.792 0.0770 NS

S: Signifi cant; NS: Non signifi cant

Table 2: Comparison of peritoneal fl uid ADA, glucose, protein and LDH levels in the 
test group and control group.

Parameter
Test group

(n=20)
Control group

(n=20)
t-value p-value

Level of 
signifi cance

Mean±SD

ADA (IU/L) 111.47±98.33 12.9±11.58 -4.453 0.0001 HS

Glucose(mg/
dL)

54.15±26.26 122.8±78.94 3.690 0.0007 S

Protein (gm/
dL)

4.92±1.67 2.49±0.91 -5.714 0.0001 HS

LDH (IU/L) 574.8±186.54 77.7±16.57 -11.871 0.0001 HS

S: Signifi cant; HS: Highly signifi cant

 

 

84.81 IU/L 80.73 mg/dL
4.67 gm/dL

3404.2 IU/L

51.43 IU/L 94.72 mg/dL
4.07 gm/dL

783.85  IU/L

0
300
600
900

1200
1500
1800
2100
2400
2700
3000
3300
3600
3900

ADA GLUCOSE PROTEIN LDH

Test group
Control group

Figure 1: Different parameters (ADA, glucose, protein and LDH) of pleural fl uid were 
taken to analysis the concentration as compared to the control groups to distinguish 
them from TB patients.
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Figure 2: Peritoneal fl uid analysis with reference to the ADA, glucose, protein and 
LDH levels in the test and control groups were compared.
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cases were 84.81±44.55 IU/L, 80.73±42.2 mg/dL, 4.67±0.9 
gm/dL and 3404.2±9201.67 IU/L respectively whereas the 
mean±SD in tubercular peritoneal effusion were 111.47±98.33 
IU/L, 54.15±26.26 mg/dL, 4.92±1.67 gm/dL and 574.8±186.54 
IU/L respectively as shown in Table 3 and in Figure 3. The 
P-value for each parameter was calculated as 0.1522, 0.0123, 
0.4602 and 0.1762 respectively. However, In the present study 
the comparison between tubercular pleural and tubercular 
peritoneal effusion was signifi cant statistically only for glucose 
(p=0.0123) and the difference of ADA, protein and LDH in the 
test group of pleural effusion and test group of peritoneal 
effusion was not statistically signifi cant.

a high incidence of tuberculosis, measurement of ADA may be 
a helpful screening test. A value of ADA higher than 0.40 uKat/l 
has 100% sensitivity and a specifi city of 99% for diagnosing 
tuberculous peritonitis [10]. Ascitic fl uid adenosine deaminase 
activity (ADA) is considered a more sensitive and specifi c 
method used for early diagnosis of TB ascites. Even if the full 
physiological role of ADA is not yet completely understood, 
it is known that ADA values are notably higher (>40 U/L) in 
patients with TB ascites [11]. 

In the present study, we observed that the mean±SD of 
ADA and protein in pleural fl uid which was calculated to be 
as 84.81±44.55 IU/L, 4.67±0.94 gm/dL in test group and 
51.43±42.32 IU/L, 4.07±1.35 gm/dL in control group and the 
P-valves were found to be 0.0009 and 0.0237, that indicated it 
was signifi cant. Whereas, it was found to be highly signifi cant 
in tubercular peritoneal effusion cases mean±SD of ADA in test 
group was found to be 111.47±98.33 IU/L and 12.9±11.58 IU/L 
in control group. The P-value was calculated as 0.000. Same 
results were found by  Mathur et al. that the mean±SD of ADA 
in tubercular pleural effusion (TPE) cases was 88±38.91 IU/L 
and in non-TPE cases was 51.43±42.32 IU/L (P=0.001). Also 
Gupta et al. observed that the mean±SD of ADA in TPE cases 
was 67.34±22.85 IU/L and in non- TPE cases was 18.60±9.12 
IU/L (P=0.0007) [12, 13]. Somewhat similar results were found 
by Gupta et al. in case of tubercular i.e. 4.3 ± 0.9 gm/dL protein 
and in non tubercular it was 4.1 ± 1.2 gm/dL [13]. In both cases 
pleural and peritoneal fl uids ADA and protein were raised as 
compared to control groups but in case of peritoneal fl uid both 
ADA and protein was increased as compared to pleural fl uid. 
In the present study the level of ADA was found to be highly 
signifi cant (P=0.0001) with the studies of Mathur. P.C. et al 
and Gupta et al [12, 13].  Excess hydrostatic pressure developed 
in the pulmonary capillaries is the main cause for the Pleural 
effusions and then protein and cell rich fl uid enters the 
pleural space through leaky capillary and pleural membranes 
with impaired by compromised lymphatic drainage. ADA 
in tuberculous effusions is thought to arise from activated 
monocytes and macrophages in the granulomatous lesions. 
ADA levels are most useful when there is a moderate to high 
suspicion of TB in patients with negative pleural fl uid or biopsy 
cultures, and non-diagnostic histology [14]. ADA estimation 
being a simple, rapid and low should become an easy for the 
diagnostic work up of pleural effusions in tuberculosis cases. 

Simultaneously, glucose and LDH were estimated in 
control as well as in test groups. In both cases pleural and 
peritoneal fl uids glucose concentration was less in test groups 
as compared to control groups. In pleural fl uid the mean±SD 
value for glucose in test group was 80.73±42.2 mg/dL and for 
control 94.72±45.82 mg/dL. In case of peritoneal fl uid the 
mean±SD value for glucose in test group was 54.15±26.26 mg/
dL and for control 122.8±78.94 mg/dL. Glucose concentration 
decreases due to consumption by bacteria, white blood cells, or 
cancer cells in the fl uid in TB peritonitis. Glucose concentration 
is lower than normal in TB ascites, which makes it an indicator 
in differentiating tuberculosis from other diseases, such as 
cirrhosis. The ascitic/blood glucose ratio is a useful test in 
differentiating TB peritonitis from other causes of ascites [15]. 

Table 3: Comparison between pleural fl uid and peritoneal fl uid of ADA, glucose, 
protein and LDH levels in the test group.

Parameter
Test group 

(pleural fl uid) 
n=40)

Test group 
(peritoneal 
fl uid) n=20)

t-value p-value
Level of 

signifi cance

Mean±SD

ADA (IU/L) 84.81±44.55 111.47±98.33 1.451 0.1522 NS

Glucose(mg/dL) 80.73±42.2 54.15±26.26 -2.583 0.0123 S

Protein (gm/dL) 4.67±0.94 4.92±1.67 0.743 0.4602 NS

LDH (IU/L) 3404.2±9201.67 574.8±186.54 -1.369 0.1762 NS

S: Signifi cant; NS: Non signifi cant
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Figure 3: Comparison in the parameters of ADA, glucose, protein and LDH levels 
between pleural fl uid and peritoneal fl uids among the test group.

Discussion

Tuberculosis (TB) is the leading death cause in developing 
countries. Majority of TB patients involve the pulmonary TB. 
However, extrapulmonary TB involves the pleura and can 
affect any organ system, including the cardiovascular system, 
Central Nervous System (CNS) and gastrointestinal (GI) 
tract [9]. However, infection of the pleura in TB is common 
and the peural effusion, as an isolated manifestation of TB if 
ignored and having little immediate concern, can lead to serious 
disease many years later. In the context of present study, 40 
positive controls of tubercular pleural effusion patients and 
20 positive controls of tubercular peritoneal effusion patients 
were taken from the patients of tubercular and non-tubercular 
pleural and peritoneal effusion. In these patients the levels of 
ADA, Glucose, Protein, LDH were estimated. In countries with 
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The mean±SD of LDH in tubercular pleural effusion cases was 
3404.2±9201.67 IU/L, whereas the mean±SD in non- tubercular 
pleural effusion cases was 783.85±933.53 IU/L. The P-value 
for LDH parameter was calculated as 0.0770. The difference 
of glucose and LDH in the test group and control group was 
not statistically signifi cant. The mean±SD of in tubercular 
peritoneal effusion cases was 574.8±186.54 IU/L, whereas 
the mean±SD in non- tubercular peritoneal effusion was 
77.7±16.57 IU/L. The P-value for LDH parameter was calculated 
as 0.0001. The comparison between tubercular pleural and 
tubercular peritoneal effusion was signifi cant statistically 
only for glucose (p=0.0123) and for LDH in the test group of 
pleural effusion and test group of peritoneal effusion was not 
statistically signifi cant. This signifi es that in both pleural as 
well as peritoneal cases the LDH value increased as compared 
to control groups. Gupta B. K. et al found the mean±SD of LDH 
in TPE cases was 151.6±27 IU/L and 147.4±18.6 IU/L (P=0.5621) 
in non TPE cases [13]. In the present study the level of LDH 
was found to be non-signifi cantly similar to the above studies. 
LDH measurement in body fl uids may be used to differentiate 
the transudative and exudative effusions as LDH activity is 
considered an indicator of the extent of infl ammation caused 
by bacterial infection or tissue damage. Measurement of lactate 
dehydrogenase (LDH) is found to be helpful, particularly in 
detecting the bacterial infection. Peritoneal fl uid LDH above 
220 IU/L suggests secondary, rather than spontaneous bacterial 
peritonitis, in conjunction with other laboratory, imaging, and 
clinical fi ndings [16,17]. The pleural fl uid lactate dehydrogenase 
(LDH) level in pulmonary bacterial infections is elevated in 
approximately 75% of cases, with levels commonly exceeding 
500 IU/L [18]. LDH is a frequently used biomarker for various 
diseases. In case of TB it is very important for differentiating 
pleural fl uid LDH level and might be of specifi c diagnostic 
signifi cance. We found that the pleural fl uid LDH level was 
signifi cantly higher and an even greater difference was evident 
when were compared with the peritoneal fl uid LDH. This 
signifi es that pleural fl uid study could be the early diagnostic 
tool for detecting the MTB infection. In view of the using ADA, 
protein, sugar and LDH levels in pleural and peritoneal fl uid for 
differentiating between test and control groups, we detected 
that glucose and LDH levels were found higher in pleural fl uid 
(80.73±42.2 mg/dL, 3404.2±9201.67 IU/L) than in peritoneal 
fl uids (54.15±26.26 mg/dL, 574.8±186.54 IU/L) thus concluded 
that these two parameters could develop a predictor and 
acceptable tool with signifi cant sensitivity. 

Conclusion

Diagnosis of pleural TB remains a challenge. Among 
nonconventional tests, ADA and LDH have the best sensitivity 
and specifi city. Limited evidence is available for other novel 
tests and biomarkers. Combinations of tests seem to perform 
better than any single test, especially combinations that include 
ADA, glucose, protein and LDH. The diagnostic usefulness of 
these tests depends not only on sensitivity and specifi city, but 
also on the local prevalence of TB. The present study shows 
that simple, inexpensive, highly signifi cant and specifi c tests 
like ADA, LDH estimation should be employed routinely to 
differentiate between tubercular and non-tubercular etiology 

in patients of pleural effusion. This fi nding could be helpful 
in early clinical decision-making for the management of these 
patients, as it could lead to a better prognosis and avoidance of 
potential adverse consequences. Further work is necessary to 
identify the best (and simplest) combination that will be most 
useful in clinical practice.
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