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Background: The results of sputum culture for Mycobacterium tuberculosis must be awaited
in most cases, which delays the start of treatment in patients with sputum smear-negative
pulmonary tuberculosis. We investigated whether plasma chitotriosidase activity is a strong
marker for early diagnosis of tuberculosis in patients for whom a bacillus smear is negative
and tuberculosis culture is positive.
Methods: Clinical, radiological, and laboratory features were evaluated in 75 patients, 17 of
whom were diagnosed as having active tuberculosis by negative acid-fast bacillus smear and
positive culture, 38 as having sequel tuberculosis which was radiologically and microbiologically negative, and 20 who served as healthy controls. Serum chitotriosidase activity levels
were measured in both cases and controls.
Results: The mean age of the cases with active pulmonary tuberculosis, cases with sequel
lesions, and controls was 23 ± 2.4 years, 22 ± 1.7 years, and 24 ± 2.1 years, respectively. Serum
chitotriosidase levels were 68.05 ± 72.61 nmol/hour/mL in smear-negative, culture-positive
pulmonary tuberculosis cases (Group A) and 29.73 ± 20.55 nmol/hour/mL in smear-negative,
culture-negative sequel pulmonary tuberculosis cases (Group B). Serum chitotriosidase levels from
patients in Group A were significantly higher than in Group B and Group C. There was no statistically significant difference in serum chitotriosidase levels between cases with sequel pulmonary
tuberculosis (Group B, smear-negative, culture-negative) and healthy controls (Group C).
Conclusion: In patients with active tuberculosis and a negative sputum smear for acid-fast
bacillus, plasma chitotriosidase activity seems to be a strong marker for diagnosis of active
disease which can be used while awaiting culture results.
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Tuberculosis is a disease for which treatment becomes more challenging day by day
due to its contagious nature and the increasing number of resistant cases. Moreover, the
mortality and morbidity associated with the disease is high, so early diagnosis of cases
is necessary. Today, the most common method used for early detection of pulmonary
tuberculosis is determination of acid-fast bacillus in a sputum smear, and the most
accurate diagnostic method is culture of Mycobacterium tuberculosis in lung tissue
samples obtained from suspected cases. According to data from the Centers for Disease
Control, only 80.2% of sputum cultures are positive for breeding M. tuberculosis bacillus, and the remainder of cases are negative both for smear and culture.1 Moreover,
breeding of bacillus in culture takes 3–4 weeks, so the diagnosis cannot be made in a
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timely fashion, and potentially unnecessary treatment with
possible side effects must be started prophylactically before
the final diagnosis. For this reason, new cell culture methods
are under investigation, along with different molecules, and
biologic and serologic tests.2–4
Chitotriosidase is an enzyme secreted mainly by macrophages, belongs to the chitinase protein family, and has a
mass of about 50 kDa. In many diseases, including lysosomal
storage diseases such as Gaucher’s disease, beta thalassemia,
acute malaria (induced by Plasmodium falciparum), systemic
candidiasis, and granulomatous diseases, serum chitotriosidase may be increased. It is known that chitotriosidase can
be used as a marker for macrophage activation.5 Plasma
chitotriosidase activity has been studied in many lung diseases, especially interstitial lung diseases and sarcoidosis,
but its role in the early diagnosis of active tuberculosis has
been studied only in a limited number of patients. When the
tuberculosis bacillus reaches the alveoli in the upper airways,
it is engulfed by alveolar macrophages. Some bacilli are
destroyed by these macrophages, but some multiply within
the macrophage and eat their way outwards after piercing the
macrophage. During this time, the macrophages present bacillary antigens to T helper lymphocytes and stimulate them
by secreting interleukin-1. The activated lymphocytes also
secrete various lymphokines. All these events come together
to trigger the immune response.6 In this study, we investigated
whether plasma chitotriosidase activity is a useful marker for
early diagnosis of tuberculosis in patients who are bacillus
smear-negative and culture-positive.

Materials and methods
Seventeen patients diagnosed as having active tuberculosis
by negative acid-fast bacillus smear and positive culture,
38 patients with inactive tuberculosis who were radiologically and microbiologically negative, and 20 healthy
controls were recruited from our hospital for this study.
Posteroanterior chest radiography, complete blood count,
erythrocyte sedimentation rate, and routine biochemical tests
were performed in all cases with active or sequel pulmonary
tuberculosis. High-resolution computed tomography of the
lungs were performed for patients in whom the distinction
between active and sequel tuberculosis could not be made
on the basis of clinical and laboratory investigations. The
local ethics committee approved the study. A signed patient
consent form was obtained from all participants.
Microbiologic assessment was done by sputum smear
in triplicate. For patients who did not produce a sputum
sample, microbiologic assessment was done by positive
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acid-fast bacillus in bronchoalveolar lavage material via
bronchoscopy and by gastric lavage material. Patients with a
negative acid-fast bacillus smear were recruited and divided
into three groups: Group A, comprising patients with active
tuberculosis who had negative plasma chitotriosidase activity
and a negative acid-fast bacillus smear, but had a positive
culture; Group B, consisting of patients with radiological
sequel tuberculosis and a negative acid-fast bacillus smear,
but had a negative culture; and Group C, consisting of healthy
controls.
Blood samples were drawn from all groups to investigate
the activity of serum chitotriosidase. Serum samples were kept
at -80 degrees centigrade and studied immediately. Enzyme
activity in serum was evaluated using a fluorometric method
reported by Guo et al7 and modified for our study. The study
data were analyzed using the Statistical Package for Social
Sciences for Windows version 16.0 (SPSS Inc, Chicago, IL).
Comparisons were made using the Pearson-Chi square test, and
P values , 0.05 were considered to be statistically significant.

Results
Patient demographic characteristics and study results are
shown in Table 1. All cases and controls were male, because
the study was designed and performed in a military hospital.
The mean age of cases with active pulmonary tuberculosis, those with inactive disease, and control subjects was
23 ± 2.4 years, 22 ± 1.7 years, and 24 ± 2.1 years, respectively.
Serum chitotriosidase levels were 68.05 ± 72.61 nmol/hour/mL
in smear-negative, culture-positive pulmonary tuberculosis
cases (Group A) and 29.73 ± 20.55 nmol/hour/mL in smearnegative, culture-negative inactive pulmonary tuberculosis
cases (Group B). The serum chitotriosidase level in Group A
patients was higher than that in Group B and Group C patients
and the difference was statistically significant (P , 0.05).
Figure 1 shows the distribution of serum chitotriosidase levels
in the active and inactive cases of pulmonary tuberculosis.
There was no statistically significant difference between
serum chitotriosidase levels in cases with sequel pulmonary
Table 1 Characteristics of patients
Characteristics

Group A

Group B

Group C

Patients (n)
Age (mean ± SD), years
Male/female
Chitotriosidase level, nmol/
hour/mL (mean ± SD)

17
23 ± 2.4
17/0
68.0 ± 72.6†

38
22 ± 1.7
38/0
29.7 ± 20.5

20
24 ± 2.1
20/0
28.4 ± 13.8

Notes: Group A, patients with smear-negative, culture-positive pulmonary
tuberculosis. Group B, patients with smear-negative, culture-negative inactive of
pulmonary tuberculosis. Group C, healthy controls. †P , 0.05.
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Figure 1 Distribution of serum chitotriosidase levels in patients with active and
inactive pulmonary tuberculosis.

tuberculosis (Group B, smear-negative, culture-negative) and
healthy controls (Group C, P . 0.05).

Discussion
In this study, we demonstrated that serum chitotriosidase levels
in patients with pulmonary tuberculosis were significantly
higher than in healthy controls. No statistically significant difference was found between serum chitotriosidase levels from
smear-negative and culture-negative cases (accepted as sequel
pulmonary tuberculosis for the purposes of this study) and
those from healthy controls. It is known that serum chitotriosidase levels are generally under 18 nM/hour/mL in healthy
people.8 Duplication during chitotriosidase gene activation is
seen in approximately 5% of the general population, which
makes it impossible to measure serum levels of the enzyme
in patients with tuberculosis.9,10
As is well known, pulmonary tuberculosis is a result of
a granulomatous reaction activated by M. tuberculosis, and
macrophages play an important role in granuloma formation.
Macrophage activation increases production of interferondelta and tumor necrosis factor-alpha, which indirectly leads
to increased serum levels of chitotriosidase. High serum
chitotriosidase has been demonstrated previously in granulomatous diseases, including sarcoidosis and tuberculosis. High
serum chitotriosidase is also a typical marker of Gaucher’s
disease and is directly related to the immune response.11
Despite the fact that this study population was small, ours
is the first study to the authors’ knowledge which investigates

Therapeutics and Clinical Risk Management 2012:8

whether plasma chitotriosidase activity is a useful tool for
early diagnosis of tuberculosis. Although there is a paucity of
published studies for comparison, Bargagli et al have studied
plasma chitotriosidase activity in patients with sarcoidosis
and tuberculosis.12 In their study, they had 96 sarcoidosis
patients, 15 tuberculosis patients, and 30 healthy controls,
and reported that plasma chitotriosidase activity was significantly higher in patients with sarcoidosis than in patients
with tuberculosis and healthy controls. Plasma chitotriosidase
activity was twice as high in patients with tuberculosis than in
healthy controls; however, the difference was not statistically
significant. Of the 15 patients with tuberculosis recruited
into that study, seven were female, and their mean age was
58.3 years. In our present study, the mean age of Group A
patients was 23 years. In the study by Bargagli et al, 14 of
15 patients were diagnosed to have lung tuberculosis by a
positive acid-fast bacillus sputum smear and positive culture,
and only one patient was diagnosed by a negative acid-fast
bacillus sputum smear and bacillus-positive polymerase
chain reaction procedure in lung tissue, which is similar to
our study. One of the 15 patients had plasma chitotriosidase
activity over 60 nmol/mL/hour and it is not clear if this
was the patient for whom acid-fast bacillus was negative.
Therefore, it should be concluded that plasma chitotriosidase
activity increases later on in the disease when an acid-fast
bacilli sputum smear is negative.
Our study has some limitations, the most important of
which is its small patient population. Even though it is the first
study investigating plasma chitotriosidase activity in patients
with active and sequel tuberculosis in comparison with healthy
controls, and plasma chitotriosidase activity, despite the limited
number of patients is a powerful marker of active tuberculosis.
However, we hope that the results of our study will encourage
further investigation on this subject. In conclusion, in patients
with active tuberculosis and a negative sputum smear for acidfast bacillus, plasma chitotriosidase activity can be a strong
marker for diagnosis of active disease pending availability of
culture results.
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