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ABSTRACT 

Purpose: To study the factors influencing sputum smear conversion including Serum C-Reactive Protein (CRP) and its 
correlation with disease severity in tuberculosis patients. Method: Levels of Serum-CRP concentrations were deter- 
mined in 60 patients with pulmonary tuberculosis, 30 healthy volunteers and patients in follow-up after completion of 
antitubercular treatment (DOTS therapy). Results: Serum-CRP levels were found to be significantly higher in 
smear-positive group as compared with the follow-up patients and smear-negative control group. The values were 43.65 
± 23.68, 9.88 ± 5.23 and 4.04 ± 3.85 mg/L respectively (P < 0.0001). Among the smear-positive patients, Serum-CRP 
levels were the highest in AFB3+ patients (65.28 ± 10.32) as compared with the AFB2+ patients (35.93 ± 7.22), AFB1+ 
patients (16.37 ± 2.62) and AFB scanty patients (10.92 ± 2.97) respectively, the difference was found statistically sig- 
nificant (P < 0.0001). Correlation of predictors of sputum smear conversion also revealed that these values were sig- 
nificantly higher in active pulmonary tubercular patients as compared to control. It is also found significant positive 
correlation between AFB smear positive patients with levels of Serum-CRP concentration. Conclusion: Serum-CRP 
levels are significantly correlated with disease severity in patients with active pulmonary tuberculosis. Thus these find- 
ings from the present study would certainly add new criteria for early diagnosis of TB, which may lead to development 
of new strategies to treat TB. 
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1. Introduction 

Tuberculosis (TB) is a socio-economic as well as highly 
contagious disaster that is occurring worldwide, espe- 
cially in Asia and Africa. It is one of the most serious 
infectious diseases and a considerable public health 
problem due to its high risk of person-to-person trans- 
mission, morbidity, and mortality. World Health Organi- 
zation (WHO) report 2010 stated that more than 2 billion 
people, equal to one-third of the world’s population, are 
infected with TB bacilli, the microbes that cause TB. 
There were estimated 9.4 million new TB cases world- 
wide in 2008 including 1.4 million cases among people 
living with HIV of which 1.8 million people died from 
TB. However, India has the highest incidence of tuber- 
culosis cases in the world. It accounts for more than 1/5th 
of the global TB cases. As per current estimate of WHO, 
2.4 percent untreated TB patients and 14.7 percent pre- 
viously treated patients had multi-drug resistant tubercu- 
losis (MDR-TB). Approximately 500,000 cases of MDR- 
TB emerge every year globally. Of this, India and China 

account for more than 50 percent cases [1]. 
Despite the availability of effective diagnostic, pre- 

ventive, and curative technologies, TB remains the num- 
ber one cause of adult deaths by a curable infectious dis- 
ease worldwide. The main source of infection is the pat- 
ient with active pulmonary TB and positive sputum 
smears who excretes tubercle bacilli [2]. Factors associ- 
ated with infectivity include bacillary load, severity of 
coughing, proximity to the patient and the duration of 
anti-TB therapy. In addition, various serological markers 
have been evaluated as indicators of disease activity, but 
their clinical usefulness remains uncertain. The most 
widely accepted measure of treatment response in pa- 
tients with pulmonary TB is the disappearance of acid 
fast bacilli (AFB) from both sputum smear and culture 
[3]. 

After the start of treatment, the number of bacilli in the 
sputum decreases rapidly and in more than 90 percent of 
cases sputum smears become negative for AFB at 3 
months. Studies have also shown that the time for spu- 
tum sterilization (indicated by sputum negativity at 2 or 3 
months) is an important determinant of relapse [4-8]. *Corresponding author. 
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New risk factors for TB, such as human immunodefi- 
ciency virus (HIV) infection are challenging problems 
for TB control all over the world. HIV infected patients 
with TB have more risk for treatment failure than HIV 
uninfected patients [9,10]. 

Serum C-Reactive Protein (CRP) was first reported in 
1930 in human blood of those with acute inflammatory 
diseases by Tillet and Francis [11]. Serum-CRP is an 
acute phase reactant synthesized by hepatocytes under 
the influence of interleukin-1 arising at sites of infection, 
inflammation and trauma, and thought to participate in 
handling of abnormal extrinsic and autologous materials 
[12,13]. Human Serum-CRP is a member of the class of 
acute phase reactants as its levels rise during inflam- 
matory processes occurring in the body. Human Serum- 
CRP is thought to assist in complement binding to 
foreign and damaged cells and affect the humoral res- 
ponse to disease. Human Serum-CRP is also believed to 
play an important role in innate immunity, as an early 
defense system against infections. 

The aim of this study is to evaluate the concentration 
of Serum-CRP in pulmonary tuberculosis as a predictor 
of sputum smear conversion and to see correlation be- 
tween Serum-CRP and disease severity. 

2. Materials and Methods 

This study was conducted in Department of Tuberculosis 
and Respiratory Diseases, Jawaharlal Nehru Medical 
College Hospital, Aligarh Muslim University, Aligarh, 
on patients attending Out Patient Department (OPD) and 
In Patient Departments (IPD) of the College Hospital 
from 1st April 2008 to 31st May 2010. We documented 60 
Sputum Positive pulmonary tubercular cases (45 male 
and 15 female respectively) and 30 Healthy Control (22  

male and 8 female respectively). Factors (including Se- 
rum-CRP) associated with sputum smear conversions 
were investigated. 

2.1. Study Population 

The study group consisted of cases of active pulmonary 
tuberculosis diagnosed on the basis of persistent clinical 
signs and symptoms with positive sputum smear (at least 
one sputum-smear found AFB positive out of three con- 
secutive specimens). All cases were negative for HIV 
tests except one. Each patient’s demographic profile, 
clinical, radiological findings, co-morbid disease, sputum 
smear examination; drug susceptibility pattern and treat- 
ment details were recorded. Both sputum smear and cul- 
ture conversion and Serum-CRP levels were determined. 
The diagnosis of TB as made with the documentation of 
AFB through Ziehl-Neelsen (ZN) staining of sputum and 
the isolation of M. tuberculosis in sputum culture on 
Lowenstein Jensen (LJ) solid medium. First line anti-TB 
therapy was started when the first positive smear was 
detected. Patients were treated according to the guide- 
lines of the Revised National Tuberculosis Control Pro- 
gramme (RNTCP) as isoniazid (H), rifampicin (R), 
pyrazinamide (Z), ethambutol (E) during the initial phase 
and H plus R during the continuation phase. Patients took 
their drugs regularly in the DOTS and were analyzed for 
at least 1 month, or until sputum AFB smears were nega- 
tive for three consecutive days. Sputum smear test was 
performed monthly in a routine programme. Social status 
of patients was assessed by per capita monthly income 
divided by family member dependent on that income 
[14]. Smoking History of patients was calculated by this 
given formula 

 

No. of cigarette or bidi smoked/day  No. of years smoked
Number of pack years =

20


 

 
2.2. Collection of Specimen 

The patients were advised to collect the early morning 
sputum specimen (about 4 - 5 ml) collected in a wide 
mouthed sterile plastic vial having lid with safety lock 
and was transported to Mycobacteria laboratory for fur- 
ther processing. They were instructed to rinse their 
mouth with pure water and clean their teeth (without us- 
ing tooth paste or disinfectant) before collection to avoid 
contamination with food and other particles and were 
instructed to stand facing a wall, away from wind and 
keep both hands on hips and to cough forcibly to bring 
out material from the lungs and not merely saliva. Spu- 
tum specimens were obtained from each patient at the 
time of 1st visit for AFB smear and Serum-CRP concen-  

tration as well as at the time after treatment completed in 
follow-up. 

After a detailed history and physical examination, the 
5 ml. venous blood sample was drawn into tubes and 
kept at room temperature for one hour or until it clotted. 
After that the samples were centrifuged at 1500 rpm for 5 
minutes and clot was broken from side wall of tub 

e and again centrifuged at 1500 rpm for 5 minutes to 
separate the serum in a storage vial, which was then 
stored at −20˚C. 

The sputum samples were examined for AFB by direct 
microscopic examination. It was carried out after con- 
centration and decontamination of specimen and grading 
of Ziehl-Neelson stained smears was carried out as per 
the standard procedure. The counting of the number of 
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bacilli in each smear was done according to revised 
RNTCP grading. Modified Lowenstein-Jensen medium 
was described by the International Union against tuber- 
culosis and used for the primary isolation of the strains of 
Mycobacteria. 

The hsCRP ELISA (Biotron Diagnostics Inc, Hemet, 
California, USA) was used for estimation of Serum-CRP. 
It is based on the principle of a solid phase enzyme- 
linked immunosorbent assay [15]. The assay system util- 
izes a unique monoclonal antibody directed against a 
distinct antigenic determinant on the CRP molecules. 
The test sample is allowed to react simultaneously with 
the two antibodies, resulting in the CRP molecules being 
sandwiched between the solid phase and enzyme-linked 
antibodies. 

Written informed consent was obtained from each re- 
cruited subjects and the Institutional Ethics Committee of 
the Medical College approved the study. 

2.3. Statistical Analysis of Data 

Statistical analyses were performed with SPSS for Win- 
dows (Version 16.0; SPSS Inc.) and Graph Pad Prism 
5.01. Data are expressed as mean ± SD. Analysis of the 
data was done using one-way ANOVA, unpaired student 
t-test and Fisher’s exact test. P value < 0.05 was consid- 
ered significant. 

3. Results 

There were 60 active pulmonary tubercular patients (45 
male and 15 female) documented with mean age 34.17 ± 
15.07 (13 - 80 years). They were sputum smear positive 
patients and had lower middle and poor socio-economic 
status with low BMI. The characteristics of the patients 
and Healthy Control are listed in Table 1. Among the 
sputum smear positive patients, 3 patients were found to 
be scanty, 16 were AFB1+, 12 were AFB2+ and the re- 
maining 29 were AFB3+. Serum-CRP levels were esti- 
mated in all of these active tubercular patients before 
treatment and after treatment as well as in control. The 
levels of Serum-CRP concentration were also analyzed in 
correlation with AFB smear. Serum-CRP levels were 
found to be significantly higher in smear-positive group 
as compared with the follow-up patients (after treatment) 
and smear-negative control group. Figure 1 clearly 
shows that the Serum-CRP levels were significantly 
higher in sputum-positive patients when compared to 
smear-negative group. The values were 43.65 ± 23.68, 
9.88 ± 5.23 and 4.04 ± 3.85 mg/L respectively (P < 
0.001). 

Among the smear-positive patients, Serum-CRP levels 
were the highest in AFB3+ patients (65.28 ± 10.32) as 
compared with the AFB2+ patients (35.93 ± 7.22), 
AFB1+ patients (16.37 ± 2.62) and AFB scanty patients 
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Figure 1. Relation between Serum-CRP conc. of pulmo- 
nary tubercular patients before and after treatment (6 
months) with Healthy Control ***P < 0.001. 
 
(10.92 ± 2.97) respectively, the difference was found sta- 
tistically significant (P < 0.001) (Figure 2). Table 2 shows 
the correlation between predictors of sputum conversion 
and Serum-CRP in tubercular patients before treatment. 

Pearson’s correlation coefficients of different predict- 
tors of sputum conversion with Serum-CRP in tubercular 
patients before treatment are presented in Table 2. It 
showed significant negative correlation between BMI 
and social status with Serum-CRP in TB patients. It also 
showed significant positive correlation between AFB 
smear positive with Serum-CRP.  

Figure 3 shows the high Serum-CRP conc. in AFB+ 
ve patients compared to AFB− ve patients after treatment. 
Patient with high Serum-CRP conc. at base line took 
longer time of sputum conversion and 5 patients remain- 
ed AFB+ ve after treatment (6 months). 

4. Discussion and Conclusions 

Serum-CRP is one of the most common acute phase re- 
actant proteins used as an indicator of inflammation. 
Now it has attracted the attention of various researchers, 
as an indicator to differentiate tubercular from non-tu- 
bercular infections or diagnose extra pulmonary tubercu- 
losis. However, reports have been conflicting. One study 
found out that elevated serum levels of Serum-CRP can 
be useful in differentiating tuberculosis from non-tuber- 
cular diseases [16], whereas another study found it to be 
of not much value [17]. Moreover, few studies which 
have found it to be useful were in patients of pleural ef- 
fusion [18]. 

We extrapolated this observation and hypothesized 
that even if Serum-CRP levels are not unequivocal in 
differentiating tubercular from non-tubercular infections, 
still these levels could be useful as a marker of extent or 
severity of disease. 
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emographic profile of patients with active pulmonary tuberculosis and healthy controls. 

Vari

 
Table 1. D

able TB Patients Healthy Control OR (95% CI) P Value 

 n (%) n (%)   

Gender 

45 ( 5) 22 (7 .33) 1.09 (0.4  - 2.96) 1. ns 

F

34 7 33 4 

7.36 (1.5 - 35.58) 0.0 ** 

2  

1.33 (0.1 - 16.49) 1.0  ns 

16. 59 21 8 

<18. m²) 13.75 (4.5  - 42.06) 0.00 *** 

C

13 (2 .67) 11 (3 .67) 0.4778 (0 8 - 1.25) 0. ns 

Drug Abu lcoholics 

10 (1 .67) 2 (6 7) 2.8 (0.57 - 13.70) 0. ns 

2  

Foo bit 

12 ( 0) 5 (1 67) 1.25 (0.4  - 3.95) 0. ns 

S s 

3 ( ) 2 (6 7) 0.17 (0.0  - 1.50) 0. ns 

26 ) 

Low dle 1 ) 4.18 (1.1 - 15.22) 0. * 

7 (0.22 .1) 0. ns 

Up h 

Sm y 3.5 .98 0  

1.90 (0.7  - 5.15) 0.2  ns 

Serum 18.  4.  

0.01 (0.0  - 0.06) <0.0 1*** 

X- s 

40 (6 .67) 4 (13.33) 13 (3.99 - 42.39) <0.0001*** 

N y 

    

Male 7 3 0 00

emale 15 (25) 8 (26.67)   

Age .17 ± 15.0 .43 ± 12.9   

0 - 20 16 (26.67) 2 (6.67) 2 09

21 - 40 25 (41.66) 3 (76.67)   

41 - 60 16 (26.67) 4 (13.33) 1 0

>60 3 (5) 1 (3.33)   

BMI 75 ± 2. .36 ± 2.7   

5 (Kg/ 44 (73.33) 5 (16.67) 0 01

≥18.5 (Kg/m²) 16 (26.67) 25 (83.33)   

o-Morbidities     

Yes 1 6 .1 14

No 47 (78.33) 19 (63.33)   

se/A     

Yes 6 .6 32

No 50 (83.33) 8 (93.33)   

d Ha     

Vagetarian 2 6. 0 78

Non-Veg 48 (80) 25 (83.33)   

ocial Statu     

Very Poor 5 .6 2 15

Poor  (43.34 3 (10)   

er Mid 23 (38.33) 1 (36.67 5 03

Upper Middle 5 (8.33) 10 (33.33)   

High 3 (5) 2 (6.67)  - 219 43

per Hig 0 2 (6.67)   

oking Histor ± 5 .63 ± 1.3   

Yes 22 (36.67) 7 (23.33) 0 3

No 38 (63.33) 23 (76.67)   

 CRP 83 ± 7.87 035 ± 3.85   

<15 (mg/L) 11 (18.33) 29 (96.67) 01 00

≥15 (mg/L) 49 (81.67) 1 (3.33)   

Ray Finding     

Cavitary 6

on-Cavitar 20 (33.33) 26 (86.67)   

OR-odd dence interval; ns 0.05; **P < 0.01; esults were expressed a total no. (%) and mean ± SDs ratio; CI-confi  > 0.05; *P < ***P < 0.001 R s . 
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Table 2. Coefficients of correlation between predictors of 
sputum conversion and Serum-CRP in tubercular patients 
before treatment. 

Variables 
Correlation  

C
P Value 

oefficients (r) 

Age 0. 0.20ns17  

Sex 0.16 0.22ns

BMI −0.29 0.03*

Co-Morbidities −0.19 0.16

Drug Abuse/Alcoholics 0.11 0.39ns

Food Habit −0.15 0.25ns

Social Status −0.32 0.01*

Smoking History 0.22 0.09

X-Ray Findings −0.18 0.18ns

AFB Smear Positivity 0.92 0.000***

 

 

ns 

 

 

 

ns 

 

 

nsP > 0.05; P < 0.05; P < 0.001. * ***
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Figure 2. Relation between Serum-CRP conc. amon pa- g 
tients with active pulmonary tuberculosis according to 
AFB smear grading. ***P < 0.001. 
 

AFB -v
e

AFB +v
e

0

5

10

15

20


Se
ru

m
 C

R
P

 c
on

c.
 (

m
g/

L
)

 

Figure 3. Serum-CRP conc. in patients with AFB– v and 

conversion 

ignificantly between patients 

e 
AFB+ ve patients after 6 month of DOTS therapy. ***P < 
0.001. 

an
It is very interesting to note that sputum 
d disease improvement are associated with Serum- 

CRP level. All patients have high Serum-CRP concentra- 
tion than Healthy Control. The follow-up patients have 
high BMI and low Serum-CRP conc. than active pulmo- 
nary tubercular patients at initial stage. The patients were 
also compared with Healthy Control and have high Se- 
rum-CRP concentration with low BMI and poor socio- 
economic status. AFB3+ patients also have high Serum- 
CRP concentration than AFB2+, AFB1+ and AFB scanty 
patients. 

Patients with low BMI, Co-morbid disease (Diabetes 
mellitus/COPD/Asthma) and smoking history have high 
Serum-CRP concentration than the other groups. It also 
shows that patients with old age, male sex, smoking his- 
tory, poor socio-economic status and drug abuse/ alco- 
holics were found to be significantly associated with Se- 
rum-CRP concentration and AFB positivity. In the statis- 
tic analysis, the presence of co-morbid conditions and 
low BMI, smoking history with high Serum-CRP con- 
centration were determined as independent factors asso- 
ciated with persistent sputum smear positivity at the end 
of antitubercular treatment. Pulmonary destruction as 
evidenced by tuberculous cavitation signifies severe dis- 
ease and thus CRP values of the present patients with 
cavitation were higher than those without. Baynes, et al., 
found that Serum-CRP concentrations in patients with 
pulmonary tuberculosis only gradually normalised over 
several weeks during antitubercular (DOTS) therapy [19]. 
Serial Serum-CRP measurements have been used in 
monitoring the efficacy of diagnostic chemotherapy in 
patients with only radiological suspicion of tuberculosis 
[20]. However, modern antituberculosis chemotherapy 
includes rifampicin, a broad spectrum antibiotic. Thus 
bacterial infection other than tuberculosis may also be 
cured, invalidating the diagnostic significance of Serum- 
CRP measurements. This study also showed that the high 
Serum-CRP conc. took longer time of sputum conversion 
than the lower conc. of Serum-CRP. Out of 60 patients, 5 
patients remained sputum positive after treatment and 
they contain high Serum-CRP conc. It also indicates the 
prognosis value of MDR. 

Thus, in the present study it was found that the tuber- 
culosis patients displayed high prevalence of Chronic 
Energy Deficiency as compared to the healthy controls 
and the findings likely to emerge from the present study 
would certainly add new knowledge in TB research, 
which may lead to development of new strategies to treat 
TB. Keeping in view the rising incidence of TB and a 
large proportion of world population infected with TB, 
the development of more effective strategy would be of 
considerable importance. 

The present study also demonstrated that the Se- 
rum-CRP levels differ s
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