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ABSTRACT 
 

Aims: Procalcitonin, the prohormone precursor of calcitonin rises in serum response to 
bacterial infections. Circulating PCT levels decrease when the infection is controlled by 
the host immune system or antibiotic therapy. The present study was conducted to 
measure the diagnostic and prognostic utility of procalcitonin in tuberculosis. 
Methodology: The study group consisted of forty patients with pulmonary tuberculosis 
(PTB) and forty normal controls (NC). Blood was collected from NC and PTB (labeled as 
PTB-0). Patients underwent the 4-drug chemotherapy for 2 months following which blood 
was collected again (labeled as PTB-2). They were continued into the next 4 months of 
the 2-drug regimen. Blood was collected thereafter and labeled as PTB-6.  All blood 
samples were semiquantitatively analyzed for procalcitonin. 
Results: Serum PCT was < 0.5 ng/ml in thirty seven out of forty normal controls and > 2 
ng/ml in three. The prohormone level was > 2ng/ml in fifteen and > 10 ng/ml in the rest of 
the PTB-0 subjects, thus indicating that PCT levels served as a useful marker of infection 
in PTB patients at diagnosis. After 2 months of intensive treatment the number of 
patients with PCT levels > 10 ng/ml increased to thirty two in PTB-2. Only 8 patients 
recorded plasma PCT levels > 2 ng/ml. At the end of 6 months of treatment, PCT values 
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in all patients had decreased to < 2 ng/ml.  
Conclusion: Serum PCT seemed to show diagnostic and prognostic utility at the end of 
treatment however, PCT is not specific for tuberculosis alone and may be raised in other 
lung infections. Future studies with quantitative analysis of PCT in tuberculosis in 
comparison to other lung infections are needed for better understanding of the role of 
PCT in PTB. 
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1. INTRODUCTION  
 
Procalcitonin is the prohormone precursor of calcitonin that is expressed primarily in C-cells 
of the thyroid gland and to a smaller extent in neuroendocrine tissue of other organs, such 
as lungs and intestines. The level of procalcitonin in the blood stream of healthy individuals 
is below the limit of detection (10pg/mL) of clinical assays [1] and rises in a response to a 
proinflammatory stimulus, especially of bacterial origin. It shows a favorable kinetic profile for 
use as a clinical marker in bacterial infections. It promptly increases within 6 to 12 hours 
upon stimulation and circulating PCT levels halve daily when the infection is controlled by 
the host immune system or antibiotic therapy. Serum PCT has been reported as a useful 
biomarker for diagnosis and prognosis of CAP by several researchers [2-5]. However, most 
studies [6-8] have reported that serum PCT was not elevated significantly in pulmonary 
tuberculosis. Baylan and his team have reported that PCT level was not a reliable indicator 
in the diagnosis of active PTB because of its low sensitivity (41.3%), and PCT test for the 
presumptive diagnosis of PTB cannot be a substitute for microbiological, epidemiological, 
clinical and radiological data [9]. On the contrary, Ozlem and his colleagues have reported 
that PCT could be a good indicator of inflammation in tuberculosis [10]. However, to the best 
of our knowledge, there are very few studies reporting the prognostic value of procalcitonin 
in tuberculosis. The present study was conducted with the aim of estimating the diagnostic 
and prognostic utility of procalcitonin in pulmonary tuberculosis. 
 
2. MATERIAL AND METHODS / EXPERIMENTAL DETAILS / METHODOLOGY  
 
2.1 Subjects 
 
The study subjects were recruited from The Institute of Thoracic Medicine, Chennai, India. 
The study group consisted of forty patients (25–75 yrs.) diagnosed with pulmonary 
tuberculosis (PTB) and all the patients were smear positive cases. The diagnosis of 
tuberculosis was performed using Ziehl-Neelsen staining method for Acid-fast Microscopy 
(AFM) and culture for growth of the organism on Lowenstein-Jensen (LJ) medium. The 
patients were also tested for radiographic abnormalities. Forty age and sex matched healthy 
volunteers (Normal controls; NC) were included in the study for comparison of results. The 
study protocol was approved by the Institutional ethics committee and was carried out in 
accordance with the principle of Declaration of Helsinki. Informed consent was obtained from 
all the subjects. 
 
2.2 Sampling and Analysis 
 
Blood samples were collected from both groups and those collected from PTB were sub- 
grouped as PTB-0 (PTB at diagnosis), PTB-2 (PTB during treatment or PTB at 2 months 
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post treatment) and PTB-6 (PTB at the end of treatment or PTB at 6 months post 
treatment). Blood samples were collected in PTB-0 immediately after diagnosis and these 
patients were put under intensive phase of chemotherapy with the four-drug regimen 
(Rifampicin, Isoniazid, Pyrazinamide and Streptomycin) for 2 months. At the end of 2 
months, blood samples were collected again for the estimation of the prohormone levels 
and these samples were labeled as PTB-2. All the PTB subjects were continued into the 
next 4 months of continuation phase of treatment with the 2 drug regimen (Rifampicin and 
Isoniazid). At the end of 6 months, all subjects were declared as clinically cured. Blood 
samples were collected yet again and labeled as PTB-6.Blood samples thus collected 
using standard sampling techniques were centrifuged to obtain serum that was analyzed 
for procalcitonin.  
 
2.2.1 Definition of new smear positive cases 
 
A new patient was defined as a TB patient who has never had treatment for TB or one who 
has taken anti-TB drugs for less than one month. A smear positive patient was defined as a 
patient with at least 2 initial sputum smear examinations (direct smear microscopy) positive 
for acid-fast bacilli (AFB) or a patient with one sputum examination positive for AFB and 
radiographic abnormalities consistent with active pulmonary TB as determined by the 
treating Medical Officer (MO) or a patient with one sputum specimen positive for AFB and 
culture positive for M. tuberculosis. 
 
2.2.2 Definition of clinically cured patients 
 
TB patients declared clinically cured included patients who were initially sputum smear-
positive patient, who had complied with and completed treatment and had negative sputum 
smears, on at least two occasions, one of which was at the end of treatment. 
 
2.3 Semiquantitative Analysis of Serum PCT by B.R.A.H.M.S Kit 
 
Serum procalcitonin was determined by PCT-Q kit (Immunochromatografic test for the 
determination of PCT in human serum [11]. The B·R·A·H·M·S PCT-Q is an 
immunochromatografic test for the semi-quantitative detection of PCT.  The test employs a 
sandwich complex formation of PCT in the test sample with a monoclonal mouse anticalcin 
antibody conjugated with colloidal gold(tracer) and a polyclonal sheep anticalcitonin antibody 
(solid phase), both present in the kit reagent. At a PCT concentration ≥ 0.5 ng/ml, this 
sandwich complex can be seen as a reddish band. The color intensity of the band is directly 
proportional to the PCT concentration of the sample and is related to the following PCT 
concentration ranges with the help of a reference card: < 0.5 ng/ml; ≥ 0.5 and < 2 ng/ml 
(value expressed as < 2 ng/ml); ≥ 2 and < 10 ng/ml (value expressed as > 2 ng/ml); ≥ 10 
ng/ml.  
 
3. RESULTS AND DISCUSSION 
 
The clinical characteristics of tuberculosis patients are presented in Table 1. The results of 
PCT estimation in NC and PTB-0 are shown in Table 2. Serum PCT levels in thirty seven out 
of forty normal controls were <0.5 ng/ml and three showed PCT values of > 2 ng/ml. 
However, PCT levels in fifteen out of forty PTB-0 subjects were > 2ng/ml and the rest of the 
PTB-0 subjects showed PCT levels > 10 ng/ml, thus indicating that PCT levels served as a 
useful marker of infection in PTB patients at diagnosis. Results of PCT estimation after 2 
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months of intensive treatment (Table 1) shows that the number of patients with PCT levels > 
10 ng/ml seemed to have increased from 25 at diagnosis to 32 in PTB-2. Only 8 patients 
recorded plasma PCT levels > 2 ng/ml as opposed to 15 at diagnosis. Of the total 40 
patients, PCT values of 21 patients remained the same as at diagnosis (5 patients with PCT 
> 2 ng/ml at diagnosis as well as at 2 months post treatment and 16 patients with PCT > 10 
ng/ml at both times), 3 patients decreased from > 10 ng/ml at diagnosis to > 2 ng/ml at 2 
months post treatment and 16 patients increased from > 2 ng/ml at diagnosis to > 10 ng/ml 
at 2 months post treatment. At the end of 6 months of treatment, PCT values in all patients 
had decreased to < 2 ng/ml (Table 1). Thus, unlike the unpredictable alterations in PCT at 
the end of 2 months of intensive treatment, PCT seemed to have predictably decreased in all 
patients after the continuation phase of treatment. 
 

Table 1.Clinical Characteristics of tuberculosis patients 
 
Clinical Characteristics  No. of Subjects 
Total Number 40 
Age 25 ± 75 years 
Basal Metabolic rate  
Severe Malnutrition (<15.9 kg/m2) 30 
Moderately (16 – 16.9 kg/ m2) 7 
Mild (17 – 18.4 kg/m2) 2 
Normal>18.5 kg/m2) 1 
Cough 40 
Fever 25- 30 
Weight loss 40 
Night sweats 25-30 

 
Table 2.Serum PCT levels (ng/ml) in normal controls and pulmonary tuberculosis 
patients at diagnosis, PTB-0, 2 months post treatment, PTB-2 and 6 months post 

treatment, PTB-6 (n=40 for all) according to Triage kit grading (PCT values > 2 mg/ml 
and > 10 ng/ml) 

 
PCT range (in ng/ml) Number of patients 

Normal controls PTB-0 PTB-2 PTB-6 
<0.5  37 - - - 
≥ 0.5 &< 2 - - - 40 
≥ 2 &< 10 3 15 8 - 
≥ 10 - 25 32 - 

 
In the present study, PCT levels in fifteen out of forty PTB-0 subjects were > 2ng/ml and the 
rest of the PTB-0 subjects showed PCT levels > 10 ng/ml (whereas, serum PCT levels in 
thirty seven out of forty normal controls were <0.5 ng/ml and three showed PCT values of > 
2 ng/ml) thus indicating that PCT levels served as a useful marker of infection in PTB 
patients at diagnosis. These findings have been already discussed elsewhere by the authors 
of the present study [12,13]. PCT levels increase with the increasing severity of the 
inflammatory response to infection and may help in assessing the severity of infection, the 
prognosis of disease, and the response to therapeutic measures [14-16]. At first cytokine-
stimulated adherent monocytes release PCT in low quantities (<2h). This synthesis is limited 
but plays an important role in the initiation of a PCT burst in all storage tissues in humans 
(>18h). The PCT burst continues as long as the stimulus for synthesis exists 
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[17].Interestingly, in the present study, PCT levels in 25 out of 40 PTB-0 patients was > 10 
ng/ml, a level which, by current guideline of outcome set by B.R.A.H.M.S, is indicative of 
sepsis. However, all the 25 patients were clinically stable and none of them were reported to 
go into sepsis but on the other hand, were clinically responding to treatment. Thus, it can be 
said that although PCT seems to be a good diagnostic marker in tuberculosis, predictive cut-
off levels to grade the disease cannot be set without further research correlating the levels of 
the classical cytokines and the number of bacterial organisms in circulation with PCT levels 
and without understanding the effect of bacterial infection on the individual steps of CT 
synthesis from PrePCT to PCT to CT. 
 
In the present study, after 2 months of intensive treatment, PCT values of 52% of the 
patients remained the same as at diagnosis, 8% decreased from > 10 ng/ml at diagnosis to 
> 2 ng/ml and 40% increased from > 2 ng/ml at diagnosis to > 10 ng/ml at 2 months post 
treatment. These findings are contrary to those of Zarka and his team who investigated PCT 
levels in patients with respiratory tract infections caused by different etiologies [18]. They 
found normal serum PCT levels in a limited number of pulmonary tuberculosis cases and 
also reported that these levels were not correlated with disease severity. Although the 
present findings per se speak of a low prognostic utility for PCT, there are several factors to 
consider before the authors can draw a conclusion from these findings. Firstly, the patients 
included in the present study were from a rural set-up and to ensure that they comply with 
treatment and do not default it, they were approached personally to collect blood samples for 
the cause of this research. Since most of them stayed far away from the hospital, the follow-
up time given to them was after 6 months and not 2 months, for the success of the DOTS 
programme. Hence, it was not possible to calculate the sputum smear conversion rate at the 
end of 2 months of intensive treatment and the bacterial titre in each patient was not 
measured to see if there is any relationship between the prevailing high/ increased PCT 
levels in serum and the bacterial burden at the time of drawing blood for PCT estimation. 
Finally, since bacterial infections are known to release endotoxins and proinflammatory 
cytokines that induce the PCT gene, variations in the MTB strains could result in differential 
actions on the PCT gene by different strains. Although all the patients were new smear 
positive cases, it was not microbiologically confirmed if all were infected with the same 
strain. 
 
At the end of 6 months of treatment in the present study, PCT values in all patients had 
decreased to < 2 ng/ml. Thus, unlike the unpredictable alterations in PCT at the end of 2 
months of intensive treatment, PCT seemed to have predictably decreased in all patients 
after the continuation phase.  Interestingly, at the end of 6 months, sputum smear 
conversion rate was 100% and all patients were declared clinically cured. In tuberculosis, the 
influx of PMN to the lung is one of the first events in the pathogenesis of the disease. 
Studies suggest that macroautophagy contributes to the eradication of MTB from host cells. 
The initial stages of MTB infection occur within alveolar macrophages that encounter inhaled 
droplets containing the organism. These previously unstimulated macrophages succeed in 
internalizing MTB bacteria by phagocytosis. However, the phagocytic vesicles containing 
MTB fail to fuse with lysosomes [19], because of MTB virulence factors that alter the 
phospholipid structure of the phagosome membrane [20-22]. As such the vesicles become 
protected niches that support unchecked MTB replication, which leads to the eventual lysis 
of the infected macrophages, often within mediastinal lymph nodes. Kim and his colleagues 
have demonstrated that isoniazid and pyrazinamide promote autophagy activation and 
phagosomal maturation in Mycobacterium tuberculosis -infected host cells [23]. During the 2 
months of treatment with the 4 drug regimen, the antibiotics are expected to start producing 
their beneficial effect on host cell immunity and at the end of 6 months; rifampin and 
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isoniazid are expected to complete the action of resolving the altered host defence by the 
bacterial burden. In the present study, it seems that due to successful antituberculous 
treatment, the bacterial infection was eliminated at the end of 6 months and with the removal 
of the stimulant for PCT synthesis, the prohormone levels have come back to normal. 
Although we could not make a clearly conclusive statement on the prognostic utility of PCT 
at the end of 2 months of intensive treatment, the prohormone seems to be a good 
prognostic marker for the efficacy of the 6 months treatment. However, at the end of this 
research with the prohormone, we feel that future research should aim more at cracking the 
mechanism of increase / no increase in PCT during tuberculosis. The semiquantitative 
estimation of PCT was a limitation as we could not calculate the correlation coefficient of 
serum PCT with other parameters. A study on all the sites of action of bacterial endotoxins 
or proinflammatory cytokines in the pathway of synthesis of calcitonin from PrePCT through 
PCT could open avenues for new drugs to be targeted at these specific sites.  
 
4. CONCLUSION 
 
Serum PCT showed a tremendous increase above the normal cut-off, in all the patients at 
diagnosis. After 2 months of intensive phase of treatment, the number of patients with an 
increase in PCT was more than those with decrease or no change in the prohormone levels. 
Although a clearly conclusive statement on the prognostic utility of PCT cannot be made at 
the end of 2 months of intensive treatment, the prohormone seems to be a good prognostic 
marker for the efficacy of the 6 months treatment, because at the end of 6 months, PCT in all 
patients had decreased albeit not below the normal cut-off of < 0.5 ng/ml. Although our study 
showed that PCT may have a diagnostic and prognostic utility at the end of treatment, 
however, it is not specific for tuberculosis alone and may be raised in other lung infections. 
Serum PCT seemed to be raised in PTB patients and dropped down to normal at the end of 
treatment; However, this does not warrant us to call it a good diagnostic marker for PTB 
because it is raised in other lung diseases also. Future studies with quantitative analysis of 
PCT in tuberculosis in comparison to other lung infections are needed for better 
understanding of the role of PCT in PTB. 
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