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Introduction: There is growing interest in developing
biochemical tests that measure the body's metabolic
reaction in tuberculosis (TB) infection. Both pulmonary and
extrapulmonary TB can be diagnosed using these tests, which
seems to be an appealing approach. Adenosine deaminase
(ADA), an enzyme involved in purine breakdown, is present
in T lymphocytes . It has been shown that tuberculosis leads
to elevation in the T lymphocytes and eventually causes an
elevation in ADA activity. Aim: To evaluate the diagnostic
potential of serum ADA concentration in detecting pulmonary
and extra pulmonary tuberculosis cases.

Methods and Materials: For this study, 336 patients in a
variety of age groups who were admitted were chosen. In
this investigation, 112 patients of pulmonary tuberculosis
were considered. This study comprised 112 cases of extra-
pulmonary TB in total. This study comprised 112 control
volunteers who were matched for age and sex. 46 of them
served as healthy controls for this study; they had a normal
skiagram chest, no previous history of pulmonary or
extrapulmonary tuberculosis, and no other chronic illnesses.
This study includes 66 diseased controls with empyema,
pneumonia, and cancer were included. ADA was calculated
using a commercial ADA-MTB kit produced by Tulip
Diagnostics (P) Ltd.'s MICROXPRESS division.

Results: Mean Serum ADA concentration was 45.78+3.33
IU/L, 27.31+4.21 IU/L and 14.43= 1.84 in pulmonary
TB participants, diseased controls and healthy controls
respectively. Mean Serum ADA concentration was
44.74+3.12 TU/L, 29.95+3.64 TU/L and 14.42 +1.86 in extra
pulmonary TB participants, diseased controls and healthy
controls respectively. It was observed that serum ADA was
significantly greater in pulmonary TB and extra pulmonary
TB study participants as compared to disease controls and
healthy controls. (p<0.05). The overall accuracy was 95.32%
in detecting pulmonary tuberculosis. The overall accuracy
was 94.16% in detecting pulmonary tuberculosis. Fischer
exact revealed statistically significant diagnostic ability of
serum ADA concentration in identification of pulmonary TB
and extra pulmonary TB.

Conclusion: Serum ADA concentration can be important
diagnostic tool in identification of pulmonary TB and extra
pulmonary TB.
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INTRODUCTION

One of the most ancient and pervasive infectious illnesses,
tuberculosis is wreaking havoc on public well-being and
posing problems for emerging nations' economies as well as

Pulmonary

their overall health.'? The prompt diagnosis and treatment
of tuberculosis (TB) is the top goal of successful TB
management, according to the WHO framework assessment.
However, the primary obstacle to successful TB management
is the absence of defined diagnostic guidelines in the initial
stages of TB infection.*¢ Because the clinical signs of
tuberculosis can occasionally be incredibly ambiguous and
nonspecific, an identification of the disease can be very
easily overlooked. Sometimes the worry of discrimination
prevents the elicitation of previous instances of contact.®®
To monitor the efficaciousness of chemotherapy and to stop
the disease from spreading further, an accurate identification
of the tuberculosis is necessary.”'® Even though sputum
assessment is regarded as the "gold standard" and is a
straightforward and reasonably quick method of identifying
the presence of TB, its efficacy is reduced because accurate
diagnosis requires in excess of ten bacilli per milliliter of
sputum.'"® Sputum recuperation is challenging in cases
of childhood TB and doesn't constitute the best specimen
in cases of extrapulmonary TB. Many efforts have been
undertaken to use diverse modern strategies to increase the
accuracy and rapidity of tubercle bacilli or their ingredient
identification. However, there are cost or responsiveness
limitations on all of these tests.!*!¢

Furthermore, newer methods are harder to come by and
need trained people, both of which are impractical in
underdeveloped nations. Notall patients are willing toundergo
an intrusive procedure for obtaining a specimen, which is
necessary for an accurate identification of extrapulmonary
tuberculosis.!”" For patients who visit hospitals, a precise
and quick diagnosis is therefore necessary. As a result, there
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is growing interest in creating tests that measure the body's
metabolic reaction to tuberculosis infection. Both pulmonary
and extrapulmonary tuberculosis can be diagnosed using
these tests, which seems to be an appealing approach.?*-*
An indirect biochemical measurement is used to estimate the
enzyme activity of adenosine deaminase in serum.

It has been shown that TB leads to elevation in the T cell
population. Additionally, ADA, an enzyme involved in
purine breakdown, is present in lymphocytes (10 times more
than erythrocytes) and eventually causes an elevation in ADA
activity.'”?2 ADA activity has previously been investigated in
tubercular meningitis (TBM), tubercular lymphadenitis, and
tubercular pleural fluid; Results indicated ninety percent to
hundred percent diagnostic accuracy as well as sensitivity
for tuberculosis. ADA activity is quite easy to measure. Itis a
quick diagnostic test for tuberculosis early identification.?**
It can distinguish TBM from pyogenic meningitis and other
CNS illnesses, in addition to distinguishing pulmonary
tuberculosis from other infections of the lower respiratory
tract. Conversely, hardly much research has been done on
AD A.24-27

This study has been carried out to evaluate the potential of
serum biochemical marker ADA in detecting pulmonary and
extra pulmonary tuberculosis cases

MATERIALS AND METHOD

This investigation was a case-control, observational, non-
interventional study. Ethical clearance was obtained from
the institutional ethical committee before starting the study.

Requirements for inclusion:

For this study, 336 patients in a variety of age groups who
were admitted to a tertiary care hospital were chosen. In this
investigation, 112 instances of pulmonary tuberculosis were
considered. The sputum from each of these instances tested
positive for acid fast bacilli (AFB). This study comprised
112 cases of extra-pulmonary TB in total. Included were 41
cases of tubercular meningitis, identified by positive CSF
microscopy results or positive AFB cultures. Based on either
positive pleural fluid microscopy or positive pleural fluid
culture for AFB, 35 instances of tubercular pleural effusion
were included.

This study also included 36 patients with tubercular
lymphadenitis based on the results of their cytology. This
study comprised 112 control volunteers who were matched
for age and sex. 46 of them served as healthy controls for this
study; they had a normal skiagram chest, no previous history
of pulmonary or extrapulmonary tuberculosis, and no other
chronic illnesses. This study includes 66 diseased controls
with comparable clinical characteristics. 66 age- and sex-
matched diseased controls with empyema, pneumonia, and
cancer were included.

Exclusion criteria

The following conditions were excluded from this study:
extensive muscle injury,infectious mononucleosis, diabetes
mellitus,chronic  malnutrition, kidney diseases,organ
transplantation, typhoid, leprosy, lymphocytic lymphoma,

Q fever pneumonia, and corticosteroid treatment.
Samples of blood and bodily fluids are collected, processed,
and stored.

Estimation of serum ADA

ADA was calculated using a commercial ADA-MTB kit
produced by Tulip Diagnostics (P) Ltd.'s MICROXPRESS
division. Fundamental: Adenosine is hydrolyzed to produce
ammonia and isosine by adenosine deaminase. Sodium
nitroprusside serves as a catalyst when the ammonia generated
subsequently combines with phenol and hypochlorite in an
alkaline solution to generate a blue indophenol complex.
The quantity of ADA contained in the sample is directly
correlated with the intensity of the blue-colored indophenol
complex that forms.

STATISTICAL ANALYSIS

SPSS 17.0 was used for the analysis, and a 5% significance
threshold was applied to the findings. Findings were
presented in the form of means, standard deviation, standard
error mean, percentages. Z-Test and Fisher’s Exact Test was
used for statistical analysis. p value < 0.05 was taken as
statistically significant.

RESULTS

112 study participants with diagnosis of pulmonary
tuberculosis, 112 study participants with diagnosis of extra
pulmonary tuberculosis, 66 age and gender matched disease
controls including patient having no history of pulmonary
or extra pulmonary TB, but suffering from empyema,
pneumonia, and cancer, 46 age and gender matched healthy
controls with no history of any disease including pulmonary
or extra pulmonary TB.

The mean age of study participants was 43.39 + 8.34
years, 43.13 + 9.25 years, 44.41 + 8.01 years and 43.16 +
8.67 years in pulmonary TB participants, extra pulmonary
TB participants, diseased controls and healthy controls
respectively. There was no statistically significant difference
in age of study participants in different categories. (p > 0.05).
M:F was 1:1, 1:0.95, 1:1.05 and 1:1 in pulmonary TB
participants, extra pulmonary TB participants, diseased
controls and healthy controls respectively. There was no
statistically significant difference in M:F of study participants
in different categories. (p > 0.05).(table 1)

Mean Serum ADA concentration was 45.78+3.33 IU/L,
27.31+4.21 TU/L and 14.43+ 1.84 in pulmonary TB
participants, diseased controls and healthy controls
respectively. It was observed that serum ADA was
significantly greater in pulmonary TB study participants as
compared to disease controls. (p<0.05). The mean serum
ADA concentration was maximum in pulmonary TB
participants, while it was minimum in healthy controls. The
serum ADA was significantly greater in pulmonary TB study
participants as compared to healthy controls also (p<0.05).
(table 2).

Mean Serum ADA concentration was 44.74+3.12 TU/L,
29.95+£3.64 TU/L and 14.42 +1.86 in extra pulmonary
TB participants, diseased controls and healthy controls
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Group Pulmonary TB Extra pulmonary TB Disease Controls Healthy Controls
No. 112 112 66 46
Age (Mean +SD) years 43.39+8.34 43.13+9.25 4441 £8.01 43.16 £ 8.67
z-value 5.41
p-value p>0.05
M:F 1:1 1:0.95 1:1.05 1:1
z-value 6.53
p-value p>0.05

Table-1: Demographic details of study participants
Group Pulmonary TB Disease Controls Healthy Controls
No. 112 66 46
Mean 45.78 27.31 14.43
Std. Deviation 3.33 4.21 1.84
Std. Error Mean 0.34 1.24 0.33
z-value 12.30 39.37
p-value p<0.05 p<0.05

Table-2: Comparison of concentration Serum ADA in pulmonary tuberculosis cases, disease controls and healthy controls

Pulmonary TB Disease Controls Healthy Controls
No. 112 66 46
Mean 44.74 29.95 14.42
Std. Deviation 3.12 3.64 1.86
Std. Error Mean 0.31 1.16 0.55
z-value - 16.12 42.31
p-value - p<0.05 p<0.05

Table-3: Comparison of concentration Serum ADA in extra pulmonary tuberculosis cases, disease controls and healthy controls

ISSN (Online): 2393-915X; (Print): 2454-7379 |

Pulmonary tuber- Extra-pulmonary tuberculosis (n=112)
culosis
Tubercular pleural Tubercular menin- Tubercular lymph-
effusion (TPE) gitis (TBM) adenitis (TLN)
No assayed 112 35 41 36
No showing ADA levels above 40 IU/L 105 (93.75%) 33 39 34
(94.28%) (95.12%) (94.45%)
Table-4: Detection potential of serum ADA in pulmonary and extra pulmonary tuberculosis
Disease control Healthy controls
n=66 N=46
Empyema Lung malignancy | Pneumonia | Viral meningi- Reactive
chest (EC) (LM) (PN) tis (VM) lymphadenitis
(RLN)
No assayed 11 11 12 17 15 46
No showing 2 (18.18%) 0 0 2 2 0
ADA levels (0.00%) (0.00%) (11.76%) (13.33%) (0.00)
above 40 IU/L
Table-5: Detection potential of serum ADA in disease control and healthy controls
Sensitivity | Specificity PPV NPV LR Accuracy Fisher’s Exact Test
Pulmonary TB 95.10 97.36 97.16 91.93 32.81 95.32 p<0.0001
Extra pulmonary TB 95.21 94.32 94.21 94.31 15.49 94.16 p<0.0001
PPV: Positive predictive value, NPV: Negative predictive value, LR: Likelihood ratio
Table-6: Diagnostic parameters of serum ADA in detection of pulmonary and extra pulmonary TB
G3

Volume 11 | Issue 7 | July 2024 |




Omar, et al.

Serum adenosine deaminase in tuberculosis

respectively. It was observed that serum ADA was
significantly greater in extra pulmonary TB study participants
as compared to disease controls. (p<0.05). The mean serum
ADA concentration was maximum in extra pulmonary TB
participants, while it was minimum in healthy controls. The
serum ADA was significantly greater in extra pulmonary
TB study participants as compared to healthy controls also
(p<0.05). (table 3)

Using a 2X2 table in pulmonary TB and extra pulmonary
TB and a 40 IU/L concentration of ADA as the detection
cutoff, we assessed the potential for serum ADA detection.
It was observed that 105 (93.75%) participants with
pulmonary tuberculosis showed ADA levels above 40 IU/L.
In extra pulmonary cases, 33 (94.28%) study participants
with tubercular pleural effusion showed ADA levels above
40 IU/L, 39 (95.12%) study participants with Tubercular
meningitis showed ADA levels above 40 TU/L, 34 (94.45%)
study participants with Tubercular lymphadenitis showed
ADA levels above 40 TU/L. (table 4)

Only 2 (18.18%) cases of emphysema, 2 (11.76%) cases of
viral meningitis and 2 (13.33%) under disease control group
showed ADA levels above 40 IU/L. While none of the cases
of lung malignancy, pneumonia and healthy control showed
ADA levels above 40 IU/L.(table 5).(table 5)

The sensitivity of serum ADA in detecting pulmonary TB
was 95.10%. The specificity was 97.36%, PPV was 97.16%,
NPV was 91.93%, LR was 32.81 and overall accuracy was
95.32% in detecting pulmonary tuberculosis.The sensitivity
of serum ADA in detecting pulmonary TB was 95.21%.
The specificity was 94.32%, PPV was 94.21%, NPV was
94.31 %, LR was 15.49 and overall accuracy was 94.16%
in detecting pulmonary tuberculosis.Fischer exact revealed
statistically significant diagnostic ability of serum ADA
concentration in identification of pulmonary TB and extra
pulmonary TB.(table 6).

DISCUSSION

Millions of individuals have lost their lives to TB. The
tubercle bacillus still kills more people than any other
infectious agent, even with the availability of the Bacilli
Calmette Guerin (BCG) vaccination and efficient short-
course chemotherapy (DOTS).*” Examinations include
cytological, radiographic, bacteriological, and clinical tests
are crucial in the diagnosis of tuberculosis. Limitations of
direct microscopy of sputum for bacilli include insensitivity,
lack of utility in extra-pulmonary TB, and challenge in
obtaining sputum sample in pediatric tuberculosis cases.®!!
The culture process is labor-intensive, time-consuming,
and prone to contamination. Biochemical markers don't
require specialist laboratory equipment and are simple,
inexpensive, and faster to perform.'>'* In order to assess
serum ADA's potential for detection in cases of pulmonary
and extrapulmonary tuberculosis, we assessed it in this study.
In this study, 112 study participants with diagnosis of
pulmonary tuberculosis, 112 study participants with
diagnosis of extra pulmonary tuberculosis, 66 age and
gender matched disease controls including patient having no

history of pulmonary or extra pulmonary TB, but suffering
from empyema, pneumonia, and cancer, 46 age and gender
matched healthy controls with no history of any disease
including pulmonary or extra pulmonary TB.

The mean age of study participants was 43.39 + 8.34
years, 43.13 + 9.25 years, 44.41 + 8.01 years and 43.16 +
8.67 years in pulmonary TB participants, extra pulmonary
TB participants, diseased controls and healthy controls
respectively. There was no statistically significant difference
in age of study participants in different categories. (p >
0.05). M:F was 1:1, 1:0.95, 1:1.05 and 1:1 in pulmonary
TB participants, extra pulmonary TB participants, diseased
controls and healthy controls respectively. There was no
statistically significant difference in M:F of study participants
in different categories

The majority of mammalian tissues naturally contain the
enzyme adenosine deaminase (ADA; EC 3.5.4.4), with
the maximum activity found in organs that contain several
lymphoid tissues.!*!¢ Although it is widely distributed
throughout the human body, lymphoid tissue has a particularly
significant physiological role for it. Its concentration in
lymphocytes is ten times greater than that of erythrocytes,
especially in T lymphocytes, though it varies depending on
the stage of cellular differentiation.!”!* Adenosine deaminase,
or ADA as Spencer referred to it, is a purine catabolism
enzyme. Adenosine is hydrolytically cleaved irreversibly by
ADA, yielding inosine and ammonia.?*?

Mean Serum ADA concentration was 45.78+3.33 IU/L,
27314421 IU/L and 14.43+ 1.84 in pulmonary TB
participants, diseased controls and healthy controls
respectively. It was observed that serum ADA was
significantly greater in pulmonary TB study participants as
compared to disease controls. (p<0.05). The serum ADA was
significantly greater in pulmonary TB study participants as
compared to healthy controls also (p<0.05).

The results of this study are having similarity with the
findings of studies by Conde MB et al?’, Dilmag A et al?!,
Rasooli Nejad M et al?2. They also found that serum ADA
was significantly greater in pulmonary TB study participants
as compared to disease controls

Increased blood ADA levels were also discovered in patients
with non-tubercular pulmonary illnesses and pulmonary
tuberculosis by Agarwal MK et al'* and Jhamaria JP et
al® . However, compared to non-tubercular pulmonary
illnesses, the rise in blood ADA level was significantly
greater in patients of pulmonary tuberculosis.'*!* For the
same rationale as was previously mentioned in the case
of pulmonary tuberculosis, we also noticed significantly
higher serum ADA activity in instances of extra pulmonary
tuberculosis (EPTB) when compared to healthy controls.!¢"
Mean Serum ADA concentration was 44.74+3.12 1U/L,
29.9543.64 IU/L and 14.42 +1.86 in extra pulmonary
TB participants, diseased controls and healthy controls
respectively. It was observed that serum ADA was
significantly greater in extra pulmonary TB study participants
as compared to disease controls and healthy controls.

Our results were similar to those observed in previous studies
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carried out by Jhamaria JP et al'® and Agarwal MK et al'* .
They also found that serum ADA was significantly greater in
extra pulmonary TB study participants.

Using a 2X2 table in pulmonary TB and extra pulmonary
TB and a 40 IU/L concentration of ADA as the detection
cutoff, we assessed the potential for serum ADA detection.
It was observed that 105 (93.75%) participants with
pulmonary tuberculosis showed ADA levels above 40 TU/L.
In extra pulmonary cases, 33 (94.28%) study participants
with tubercular pleural effusion showed ADA levels above
40 TU/L, 39 (95.12%) study participants with Tubercular
meningitis showed ADA levels above 40 IU/L, 34 (94.45%)
study participants with Tubercular lymphadenitis showed
ADA levels above 40 TU/L.

The findings of present study are in accordance with the
findings of previous studies by Agarwal MK et al'4, Jhamaria
JP et al’* and Stevanovic G et al'® who also found major
proportion of patients of pulmonary TB and extra pulmonary
TB showed ADA levels above 40 IU/L.

In our study, the sensitivity of serum ADA in detecting
pulmonary TB was 95.10%. The specificity was 97.36%
and overall accuracy was 95.32% in detecting pulmonary
tuberculosis. The sensitivity of serum ADA in detecting
pulmonary TB was 95.21%. The specificity was 94.32%
and overall accuracy was 94.16% in detecting pulmonary
tuberculosis. Fischer exact revealed statistically significant
diagnostic ability of serum ADA concentration in
identification of pulmonary TB and extra pulmonary TB.
Some of the studies like Gupta BK et al'? also found sensitivity
of ADA in detecting pulmonary TB and extra pulmonary TB
similar to that observed in our study. These studies found
overall accuracy of ADA in detecting pulmonary TB and
extra pulmonary TB similar to that observed in our study.
The present global tuberculosis epidemic, especially in
developing nations, has highlighted the need for more
affordable and efficient diagnostic methods. The two
most often used techniques for diagnosing tuberculosis
in impoverished countries, acid fast stain and X-ray, are
ineffective in identifying paucibacillary and extrapulmonary
tuberculosis.?®* According to our findings, measuring
serum Adenosine deaminase (ADA) has a good potential for
detecting PTB and EPTB. To generalize the findings of this
study, however, further research of this kind must be done in
other settings and with a variety of populations.?>-’

CONCLUSION

Serum ADA concentration can be important diagnostic tool
in identification of pulmonary TB and extra pulmonary TB.

REFERENCES

1. Morrison J, Pai M, Philip J, Hopewell C. Tuberculosis
and latent tuberculosis infections in close contacts of
people with pulmonary tuberculosis in low income and
middle income countries: a systematic review and meta-
analysis. Lancet Infect Dis 2008;(8):259-68.

2. Kim TC, Blackman RS, Heatwole KM, Kim T,
Rochester DF. Acid fast bacilli in sputum smears of
patients with PTB. Prevalence and significance of

10.

I1.

12.

13.

14.

15.

17.

18.

19.

negative smears pretreatment and positive smears post
treatment. Am Rev Respir Dis 1984;(129):264-8.
Murray CJ. World tuberculosis burden. Lancet
1990;(335):1043-4.

Heifets LB. Rapid automated methods (BACTEC
systems) in clinical mycobacteriology. Semin Respir
Infect 1986;(4):242-249.

Eisenach D, Kirkpatrik CH. The immunology of
mycobacterial disease. 1986;(134):1062-1071.
Mahadevan S. Advances in diagnosis of tuberculosis.
Indian J. Paediatr 1996;63:355

Ocaiia I, Martinez-Vazquez JM, Segura RM, Fernandez-
De-Sevilla T, Capdevila JA. Adenosine deaminase in
pleural fluids. Test for diagnosis of tuberculous pleural
effusion. Chest. 1983;84(1):51-53.

Mishra OP, Loiwal V, Ali Z, Nath G, Chandra L, Das BK.
Cerebrospinal fluid adenosine deaminase activity and
C-reactive protein in tuberculous and partially treated
bacterial meningitis. Indian Pediatr. 1995;32(8):886-
889.

Chotmongkol V, Teerajetgul Y, Yodwut C. Cerebrospinal
fluid adenosine deaminase activity for the diagnosis of
tuberculous meningitis in adults. Southeast Asian J Trop
Med Public Health 2006;37:948-52.

Hovi I, J. F. Smyth, Allison AC, Williams S.C. Role of
adenosine deaminase in lymphoid proliferation. Clin.
Exp. Immunol. 1976;23:395

Weiden Vander M B and Kelley W N. Human adenosine
deaminase distribution and properties. J. Biochem.
1976;257:5448.

Krawezynski J, Raczynska J, Zonas S, Wencel J and
Ilowiecka K. Clin. Chem, ACTA. 1965;11:227.
Jhamaria J, Jenaw R K, Lunada S K, Mathur D K,
Parihar H L, Sharma S K. Serum ADA in differenrial
diagnosis of pulmonary tuberculosis and common non
tubercular respiratory diseases. Ind. J. Tub. 1988;35:25.
Agarwal M K, Jitendranath, Mukherji P K, Srivastav
V M L. A study of serum adenosine deaminase activity
in sputum negative patients of pulmonary tuberculosis.
Indian J of Tuberculosis. 1991;38:139.

Stevanovic G, Pelemis M, Pavlovic M, Lavadinovic L,
Dakic Z, Milosevic I, et al. Significance of adenosine
deaminase serum concentration in the diagnosis of
extra-pulmonary tuberculosis. ] IMAB. 2011;17:130-4
Giblett E R, Anderson J E, Cohern F, Pollara B and
Medwissen H J. Adenosine deaminase deficiency in
two patients with severely impaired cellular immunity.
Lancet. 1972;2:1067.

Afrasiabian S, Mohsenpour B, Bagheri KH, Sigari
N, Aftabi K. Diagnostic value of serum adenosine
deaminase level in pulmonary tuberculosis. J Res Med
Sci. 2013 Mar;18(3):252-4.

Hassanein K, Hosny H, Mohamed R, Abd EI-Moneim
W. Role of adenosine deaminase (ADA) in the
diagnosis of pulmonary tuberculosis. Egypt J Bronchol.
2010;4:11-8.

Gupta BK, Bharat V, Bandyopadhyay D. Sensitivity,
specificity, negative and positive predictive values of
adenosine deaminase in patients of tubercular and non-
tubercular serosal effusion in India. J Clin Med Res.
2010;2:121-6.

I International Journal of Contemporary Medical Research Section: Pathology

ISSN (Online): 2393-915X; (Print): 2454-7379 |

Volume 11 | Issue 7 | July 2024 |




Omar, et al.

Serum adenosine deaminase in tuberculosis

20.

21.

22.

23.

24.

25.

26.

27.

Conde MB, Marinho SR, Pereira Mde F, Lapa e Silva
JR, Saad MH, Sales CL, et al. The usefulness of serum
adenosine deaminase 2 (ADA2) activity in adults for
the diagnosis of pulmonary tuberculosis. Respir Med.
2002;96:607-10.

Dilmag A, Ugoluk GO, Ugurman F, Gozii A, Akkalyoncu
B, Eryilmaz T, et al. The diagnostic value of adenosine
deaminase activity in sputum in pulmonary tuberculosis.
Respir Med. 2002;96:632—4.

Rasooli Nejad M. The value of serum adenozine
deaminase in diagnosis of pulmonary tuberculosis. Iran
J Infect Dis. 2003;8:15-9

Lakshmi V, Rao RR, Joshi N, Rao PN. Serum adenosine
deaminase activity in bacillary or paucibacillary
pulmonary tuberculosis. Indian J Pathol Microbiol.
1992;35:48-52.

Yuksel H, Akoglu TF. Serum and synovial fluid adenosine
deaminase activity in patients with rheumatoid arthritis,
osteoarthritis, and reactive arthritis. Ann Rheum Dis.
1988;47:492-5

Sakuraba M, Masuda K, Hebisawa A, Sagara Y, Komatsu
H. Pleural effusion adenosine deaminase (ADA) level
and occult tuberculous pleurisy. Ann Thorac Cardiovasc
Surg. 2009;15:294-6.

Collazos J, Espaiia P, Mayo J, Martinez E, Izquierdo F.
Sequential evaluation of serum adenosine deaminase in
patients treated for tuberculosis. Chest. 1998;114:432—
5.

Cimen F, Cift¢i TU, Berktafl BM, Sipit T, Hoca NT,
Dulkar G. The relationship between serum adenosine
deaminase level in lung tuberculosis along with drug
resistance and the category of tuberculosis. Turk Respir
J. 2008;9:20-3.

Source of Support: Nil; Conflict of Interest: None

Submitted: 23-05-2024; Accepted: 17-07-2024; Published: 30-07-2024

Section: Pathology International Journal of Contemporary Medical Research

Volume 11 | Issue 7 | July 2024 |

ISSN (Online): 2393-915X; (Print): 2454-7379




