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What is the Probability of a Patient Presenting
a Pleural Effusion due to Tuberculosis?

Denise Duprat Neves1, Ricardo Marques Dias1, University of Rio de Janeiro1; Federal University of do
Antônio José Ledo Alves da Cunha2 and Rio de Janeiro2, Rio de Janeiro, RJ, Brazil
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Introduction: In Rio de Janeiro, in almost half of the cases of pleural tuberculosis (PT) treatment
begins without substantiation of diagnosis. We examined variables associated with this disease.
Method: We studied 215 consecutive patients; 104 had tuberculosis (TB) and 111 did not (NTB):
41 neoplasms, 29 transudates, 28 para-pneumonic and 13 other etiologies. Clinical and laboratory
variables were assessed in a combined manner using likelihood ratios (LR) and Bayes’ theorem
to determine the probability of PT. Results: Among the variables examined, adenosine deaminase
(ADA) levels, lymphocyte cell percentage, protein and age were the best indicators for the diagnosis
of PT. Association of ADA with any of the other variables led to a LR+ higher than 10 and a LR-
lower than 0.1, indicating the presence or absence of PT, with an individual probability of more
than 90% or of less than 10% considering that there was a 50% initial probability associated
with the presence of PT. Conclusions: Since ADA is highly sensitive, we can practically exclude
TB as the cause of effusion when there are low ADA values. However, to confirm the possibility of
TB we recommend that other variables, such as prevalence of lymphocytes (higher than 90%),
and high protein levels (more than 4g/dL); low age (less than 45 years) also should be considered.
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The gold standard for tuberculosis diagnosis is
bacterial culture with lineage identification. This method
may require from four to eight weeks and in cases of
pleural involvement has only a reasonable sensitivity.
Tuberculosis diagnosis based on positive fluid culture
is made in about one third of the cases and less than
two thirds are positive in the culture of pleural specimens
[1,2]. In areas of high tuberculosis prevalence, the
finding, of a granuloma, especially with caseation
necrosis, is an accepted criterion for the diagnosis of
tuberculosis [1-4]. In this case, sensitivity is
systematically higher than a positive culture, however

it does not exceed 85%, even under ideal conditions
[5].

In the city of Rio de Janeiro, more than 40% of the
pleural effusions [6,7] are related to tuberculosis and
in about half of the notified cases the diagnosis is not
confirmed by accepted criteria [8]. In view of the high
frequency of tuberculosis related pleural effusions and
the difficulty of confirming diagnosis, studies of factors
that could contribute to the probability of diagnosis are
needed. The main objective of this study was to assess
the contribution of clinical, radiological and laboratory
variables to the probability of diagnosis of pleural
tuberculosis.

Materials and Methods

We investigated consecutive patients submitted to
routine tests for diagnostic investigation of pleural
effusion at a general hospital: “Hospital Universitário
Gaffrée e Guinle” of Rio de Janeiro University, Brazil.
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The tuberculosis group (TB) of 104 patients
comprised cases complying with one or more of the
following criteria: (i) presence of bacilli in the direct
test (AFB) or in the culture of fluid or pleural specimens;
(ii) presence of granuloma with caseation necrosis, or
without necrosis, in the pleural specimen, whenever it
is associated with bacteriologically proven tuberculosis
at another site, or there is no evidence of other
granulomatous diseases. The non-tuberculosis group
(NTB), with 111 cases, included 29 patients with
transudates (TRANS) [9] and 82 with exudates, 41 of
which were derived from neoplasms (NEO), 7 from
lymphomas and 34 from metastases; 28 parapneumonic
(PPN), including 12 simple PPN and 16 complicated,
and an additional 13 with other diagnoses, defined
according to the accepted medical criteria [2,10].

Gender, age and duration of disease data were
recorded based on interviews. The radiological findings
concerning the site, volume and presence of lesions
associated with the effusion were analyzed by a
pulmonologist on the day of the thoracocenthesis.

Protein, lactic deshydrogenase, bacteriological exam
and cytometry of the pleural fluid were carried out as is
done routinely, and the cutaneous test with PPD was
assessed. All laboratory tests were performed by
technicians unaware of the diagnosis, and were done in
accordance with published recommendations [2,7,11-
13]. Dosage of ADA in the pleural fluid was assayed in
duplicate, according to the Giusti technique [14].

Patients were excluded when (1) dosing of ADA
was not possible (due to a long period of storage,
accidental unfreezing, clouding of the fluid, when the
control test level was very high or when there was a
larger than permissible difference between the duplicate
readings), (2) there was no confirmed diagnosis, or
(3) patients were previously included in the study.

Analysis of diagnostic test data was made with 2x2
contingency tables, permitting calculations of likelihood
ratios (LR) (Figure 1). The transformation of continuous
variables into dichotomous ones was performed after
identification of the best cut off point based on the
received operating characteristics (ROC) curve [15,16].
The LR calculated for each variable at different points
was used along with Bayes’ theorem for post-test

probability calculations. The post-test odds of there being
a disease was calculated by multiplying the pre-test odds
by the LR value [15,17,18], considering the pre-test
odds as the prevalence of the disease, as follows:

Pre-test odds = prevalence /(1 – prevalence)
Post-test odds = pre-test odds x  LR
Post-test probability = Post-test odds /(1 + Post-
test odds).

Although calculation with formulas is not a difficult
task, it can be tedious. A nomogram (Figure 2),
proposed by Fagan [19], simplifies these conversions,
proceeding directly from the pre-test probability, in the
first column to the post-test probability in the third
column, with a straight line that crosses the estimated
LR in the middle column.

This project was approved by the Ethics Committee
of the HUGG, in accordance with resolution 196/96 of
the Health Ministry. There was no conflict of interests
or outside source of support for this project.

Results

The initial sample comprised 294 pleural effusions
successively obtained by needle aspiration, according
to standard procedures. Forty-two patients were
excluded due to the impossibility of dosing ADA, 5
because they had formerly been included and 32
because the diagnosis was not confirmed (17 probably
had tuberculosis).

The confirmation of the diagnosis of tuberculosis
was mainly made with the detection of a granuloma
(95% of the cases); in 74% caseation necrosis was
found. Cultures were positive for the Koch bacillus in
4.8% of the cases, when the histopathological test was
not specific. AFB and positive culture of the pleural
fluid was found in less than 10%, while culture of the
specimen was positive in 58% of the cases examined.

To discriminate pleural tuberculosis from other
causes of effusion, we selected variables that had high
isolated performance, such as: age, protein dosage,
percentage of lymphocytes and ADA activity. These
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variables presented consistent usefulness, with
significant differences from the central measures
between groups, high values in the area below the ROC
curve (greater than 0.7), good accuracy (above 70%)
and a high odds ratio (above 5).

Diagnostic tests may be interpreted as a function of
various discriminatory values (Table 1). Post-test
probability can be calculated by associating variables
that increase the certainty of diagnosis. The association
of ADA with any of the other variables in Table 1
increased the probability of disease from 50% to over
90%. Using Bayes’ theorem, considering the pre-test
odds of 1:1 and all variables with values above their
best discriminatory value (ADA with LR+=5.56, age
with LR+=2.11, lymphocytes with LR+=2.09 and
protein with LR+=1.96), the probability of tuberculosis
increased to 98%. If all values were below the best
discriminatory values (ADA with LR-=0.06, age with
LR-=0.3, lymphocyte with LR-=0.2 and protein with
LR-=0.26), the probability of tuberculosis would be
less than 1%. The following equations demonstrate
these calculations:

Post- test odds =1.0 x 5.6 x 2.1 x 2.09 x 1.6
and, therefore
Probability post-positive tests= 48.6 / (48.6 + 1).
Post test odds =1 x 0.06 x 0.3 x 0.2 x 0.26 and,
therefore
Probability post-negative tests = 0.0009 / (0.0009+ 1).

These calculations were done using data from 196
cases (which had data on all 4 variables), using only the
discriminatory value of highest accuracy and the post-
test probability value greater than 0.5 as being indicative
of tuberculosis. We obtained the following values for
sensitivity and specificity: for two variables, ADA and
lymphocytes, it was 94.9% (95%CI: 90%-98%) and
84.5% (95%CI: 70%-88%); for three variables,
associating these with a protein, it was 92.9% (95%CI:
88%-96%) and 90.7% (95%CI: 85%-94%); and for
four variables, adding age, it was 90.9% (95%CI: 86%-
94%) and 93.8% (95%CI: 89%-97%).

When there is inclusion of more variables, there is
an increment of specificity, but a decrease in sensitivity

(Figure 3). The kappa test was used to measure the
agreement between the diagnosis reached by the
equation and the one set by the gold standard. For
two variables, it was 79.6% (95%CI: 69%-86%), for
three variables it was 83.7% (95%CI: 73%-91%) and
for four variables it was 84.7% (95%CI: 74%-91%).

Discussion

This study substantiates the difficulty of ascertaining
the diagnosis of pleural tuberculosis according to the
recommended criteria, such as the gold standard,
especially without a pleural biopsy. Nearly all (95%) of
the diagnoses were reached by typical histopathological
exams of the pleural specimen. In only 11% of the patients
diagnosis was not possible, and in 53% of these
tuberculosis was the probable cause of effusion.

The starting point for any diagnosis is suspicion
based on clinical history, disease prevalence in the
region or other tests. Using this information, the clinician
elaborates diagnostic hypotheses that will or not be
confirmed by complementary exams. The suspicion of
the presence of a given disease is defined as pre-test
probability [15,18].

The difficulty of estimating such probabilities has
been one of the constraints for the use of this
methodology in medical practice. This problem has
been minimized by the recommendation of using
prevalence of the disease in each region as a pre-test
probability. This approach also allows us to regionalize
the predictive rule.

In our sample, the prevalence of tuberculosis was
48%, similar to that of other studies, especially those
carried out in public health units in Rio de Janeiro and
São Paulo [6,7,20]. That is why we suggest a pre-test
probability of 50%. We know that diagnostic tests are
more useful when the pre-test probability ranges
between 30 and 70%, that is to say when we are not
quite sure of the presence (or not) of the disease.

The likelihood ratio expresses how much more
probable it is to find a positive test in persons that have
the disease, as opposed to those that do not have it. It
has been viewed as the best measure of the usefulness

Pleural Effusion and Tuberculosis
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Table 1. Performance of variables and the best efficiency achieved using different discriminatory values for the
diagnosis of tuberculosis

 Value Se Sp LR+ LR- PV+ PV-

ADA 104 111 >15 100 41 1.71 0.00 61 100
>26 99 72 3.55 0.01 77 99
>30 98 76 4.19 0.03 80 98

>39* 95 83 5.56 0.06 84 95
>45 91 85 5.90 0.11 85 91
>60 83 87 6.12 0.20 85 84
>80 53 90 5.34 0.52 83 67

>100 27 94 4.27 0.78 80 58
>140 4 97 1.42 0.99 57 52

Age 104 111 ≤ 20 14 95 2.49 0.91 70 54
≤ 30 54 81 2.85 0.57 73 65
≤ 40 73 68 2.25 0.40 68 73

≤ 45* 82 61 2.11 0.30 66 78
≤ 50 86 51 1.76 0.28 62 79
≤ 60 94 32 1.38 0.18 56 85
≤ 75 99 6 1.06 0.15 50 88

Lymphocytes 103 109 >40 100 30 1.43 0.00 58 100
>60 95 35 1.46 0.14 58 89
>72 90 43 1.59 0.23 60 83

>81* 88 58 2.09 0.20 66 84
>90 59 80 2.93 0.51 74 67
>98 28 91 2.11 0.99 67 52

Protein 104 110 >3.0 99 31 1.43 0.03 58 97
>3.5 95 38 1.54 0.13 59 89

>4.1* 86 56 1.96 0.26 65 81
>4.5 65 70 2.18 0.49 67 68

>5 32 83 1.84 0.83 64 56
   >6 3 95 0.53 1.03 33 51

ADA = adenosine deaminase, n= number of cases, TB= tuberculosis, NTB= non tuberculosis,

Se=sensibility, Sp=specificity, LR=likelihood ratio, PV=predictive value, + =positive, - =negative and * = cut

off of best accuracy.

               N

TB NTB
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of a diagnostic test, indicating the probability of the
presence or the absence of disease in view of the result
of one or more tests [15,21]. Its use, associated with
the Bayesian methodology, permits us to evaluate the
association of variables in a simple way. Isolated or
associated tests with LR+ greater than 10 or lower
than 0.1, practically confirms the presence or absence
of disease [22], which in our case was pleural
tuberculosis. In our study, we can increase the
probability of the disease from 50% to over 90%, or
decrease it to less than 10% (Figure 2).

Bayes’ theorem is expressed by a formula showing
how an existing belief (the diagnostic hypothesis) is
modified as a function of new information (diagnostic
test results), up-dating this probability up to the certainty
of diagnosis [18,23]. Such a probability will change
when we use the result of diagnostic tests, herein
expressed by the likelihood ratio (LR).

Likelihood ratios may be used sequentially, that is
to say the post-test probability (after performance of a
test) may be used as a pre-test probability of another,
or more easily combined in the formula: post-test odds
= pre-test odds x LR1 x LR2 x…x LRn.

As isolated diagnostic tests, age, dosage of protein,
the percentage of lymphocytes, in addition to ADA
activity, show consistent usefulness to differentiate
tuberculosis from the remaining causes of effusion [11,
20]. Other authors have also suggested the use of these
variables in different combinations [20,24-26].

Of the various variables, ADA gave the highest LR;
when levels were above 39U/L, the probability of
pleural tuberculosis increased from 50% to 85%.
When the ADA values were lower than this level, the
probability of pleural tuberculosis was reduced to less
than 6%. It is noteworthy that higher values of enzyme
activity were not correlated with higher LR. The value
of LR was maximal between 60U/L and 90U/L, but
then it dropped, and with values higher than 120U/L
the LR+ was lower than 1.5. When a very high value
of ADA is observed in the pleural fluid, we should
consider the possibility of a false positive result, mainly
due to empyema and lymphoma.

Given the pre-test probability of 50%, the
association of ADA results higher than 39U/L and

lymphocytes counts greater than 80%; the diagnosis
of pleural tuberculosis is practically confirmed with a
probability greater than 92%. The LR+ for patients
under 45 years of age was around 2, similar to that
observed for lymphocytes counts higher than 80%, and
similar to the results reached in another Brazilian study
[20]. In patients under 25 years of age, the LR+ is
near 3, increasing the odds of diagnosis. The
association of ADA with lymphocyte counts, or protein
levels, or age, provides us with an LR higher than 10,
increasing the post-test probability up to more than
90%. Accuracy of diagnosis of pleural tuberculosis
increases when we take into account a greater number
of variables, due to the increase in specificity. The
probability of disease in patients with ADA,
lymphocytes and protein higher than the discriminatory
values, as suggested by the ROC curve, is 96%. The
combination of  four variables, these ones plus age,
leads to a 98% probability of tuberculosis.

Association of the three criteria (age, lymphocytes
and protein), without ADA, gives an LR+ of 8.6 and
an LR- of 0.016, with a performance similar to that
found with ADA alone. Therefore, numerous
combinations may be used, once we know the values
of the LRs.

Results of most complementary exams do not permit
a definitive conclusion concerning the presence or
absence of a given disease. They only increase or
decrease to varying degrees our confidence in a given
diagnosis. Although such informal, intuitive procedures
have proven to be rather accurate, this can vary among
professionals. Using the Bayesian methodology we
could quantify this uncertainty [18]. For any disease,
there is a particular probability of its presence that
exempts additional tests for confirmation of diagnosis,
just as there is another probability in which its presence
is excluded and other tests are dismissed. If the
probability varies between these two, additional
diagnostic tests are recommended. Once the limits of
investigating or treating have been decided, patient
management becomes easier.

In practice, the usefulness of this methodology
therefore rests on what probability of disease we shall
consider sufficient to diagnose a given case as

Pleural Effusion and Tuberculosis
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Figure 1. Contingency table for the calculation of diagnostic test properties

Test
Result ill not ill total

positive a b a+b

negative c d c+d

total a+c b+d

Diagnosis

Where:
a= true positive Sensibility (Se) = a/(a+c)
b= false positive Specificity (Sp) = d/(b+d)
c= false negative Likelihood ratio for a positive test = Se/(1-Sp)
d= true negative Likelihood ratio for a negative test = (1-Se)/Sp

Figure 2. Fagan’s nomogram

In the example the blue line shows the post-test probability calculation (of approximately 90%), using a test with LR+ = 10, and
starting from a prevalence of 50%. The red line shows the calculation using a negative value (LR- =0.1) In this case, the
probability of the presence of the disease is lower than 10%. Brackets around the estimated point represent the limits of the
confidence interval at 95% obtained in this study.

Pleural Effusion and Tuberculosis
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pleural tuberculosis and when to discard this
diagnosis. These probabilities are not yet well
defined, though they are important even to evaluate
if the available tests are sufficient or insufficient for
proper clinical conduct.

Some authors are in favor of initiating
tuberculosis treatment irrespective of a diagnostic
confirmation by biopsy, in regions of high
prevalence of tuberculosis (TB), if a patient
presents with high ADA associated with other
clinical or laboratory parameters of the disease
[4,7,20,27]. We suggest using the following
strategy: if ADA activity is low we can practically
exclude the diagnosis of TB, because of its high
sensitivity. However, if ADA values are high, we
should use the results of other variables to help us
make a decision, in order to increase specificity,
which in turn would increase the certainty that the
case is indeed TB.

Such rules of prediction must be validated with
other samples, to determine how many and which
association of variables gives the best performance
for a given population. We do not downgrade the
importance of bacteriological and histopathological
procedures. The use of a simple test, as a substitute
for a more elaborate, expensive and invasive one,
although the latter is more exact, is often done with
the understanding that this may entail a certain risk

of incorrect diagnosis. However, the probability
calculation of the presence of pleural tuberculosis
may be a useful alternative to diagnosis based only
on the physician’s intuition. In our region, pleural
tuberculosis must always be included as the main
diagnostic hypothesis in cases of pleural effusion.
Tuberculosis is responsible for up to half of the cases
of pleural effusion, may evolve to local or distant
complications and can be efficiently treated with few
severe side effects.
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