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ABSTRACT
BACKGROUND: Sputum Smear Positive(SSP) Pulmonary Tuberculosis (TB) is the infectious form of TB and is associated with reversible 
peripheral blood abnormalities.
OBJECTIVES: To determine the hematological and serum ferritin prole and its association with delayed sputum conversion (DSC).
METHODS: The prospective study was conducted among 200 newly diagnosed smear positive pulmonary TB patients at DOTS centre, 
Najafgarh, New Delhi between 2015-16. Hemoglobin and serum ferritin were measured at the start and the end of Intensive Phase (IP). Data was 
entered in MS-Excel. Multi-variate logististic regression was applied using Predictive Analytics SoftWare.
RESULTS: The prevalence of DSC was 21.5%. In multi-variate logistic regression, it was found that odds of delayed sputum conversion were 
signicantly higher if the TB patients had anemia at the end of IP.
CONCLUSIONS: Not only the drug therapy, but a multi-pronged strategy can help in prevention and control of tuberculosis infection.
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Introduction:
Tuberculosis (TB) is a major global health problem and ranks as the 
second leading cause of death from infectious diseases, after Human 

1Immunodeciency Virus.  Sputum Smear Positive(SSP) Pulmonary 
TB is the infectious form of TB and is mainly responsible for 
transmitting the disease via cough or sneeze which expel droplet nuclei 

2carrying infectious bacilli.  In spite of various serological markers, 
detection of Acid Fast Bacilli (AFB) remains an important measure for 

3the diagnosis and treatment response.

Pulmonary TB is commonly associated with reversible peripheral 
blood abnormalities. The prevalence of anemia among TB patients 

4-8 ranges between 30–94%. It has been shown that anemia is more likely 
9to occur among TB patients compared to healthy controls.  More 

importantly, anemia is associated with more severe forms of TB and 
5,7,10 poorer TB outcomes, including death. Iron deciency Anemia 

(IDA) is the most common cause of nutritional deciency anemia in 
11the developing world.  It is important to establish the presence of IDA 

in the patients of TB and other chronic inammatory or infectious 
disease, as even mild iron deciency (ID) causes a signicant 
impairment in the immunological status and reduces the capacity of 

12such patients to control infections.  Bone marrow examination for iron 
13,14is the gold standard for detecting Iron Deciency in such conditions.  

Being an invasive procedure, it causes patient discomfort and anxiety. 
Hence, serum ferritin (SF), a non-invasive parameter reecting iron 
stores, is being extensively studied. However, SF is an acute phase 
reactant and is increased in inammations and infections. In most 
cases of Chronic Disease (CD), SF is disproportionately increased 

15,16relative to iron stores.  In such a clinical setting of CD it is, therefore, 
not reective of bone marrow iron. To compensate for this 
inammatory component, many authors have suggested higher cut-off 

17-values, predictive of ID in patients with anemia of chronic disorders.
20

In India, both TB and anemia are public health problems but there is 
limited literature on association between anemia and delayed sputum 
conversion among TB patients. Hence, against this background, the 
present study was planned to determine the hematological and serum 
ferritin prole among the newly diagnosed TB patients and to explore 
the association between anemia and delayed sputum conversion. We 
conducted a prospective study to examine the effect of anemia on 
sputum smear conversion at the end of two months of anti-tuberculosis 
therapy (ATT).

Materials and Methods:
The prospective study was conducted at Directly Observed Treatment 

Shortcourse (DOTS) centre, of Rural Health Training Centre (RHTC), 
Najafgarh, New Delhi between December 2014 and May 2016. It has a 
Designated Microscopiy Centre (DMC) for TB, which functions under 
the chest clinic Rao Tula Ram Memorial Hospital, Jaffarpur, New 

21 2Delhi.  The sample size was calculated by the formula n = 4 pq/ l , 
where p was 12.8% from a study conducted in Andhra Pradesh in 
2013.22 With an absolute error of 5% and a no-response rate of 10%, 
the total sample size was found out to be 200. First 200 newly 
diagnosed smear positive category I pulmonary TB patients aged more 
than 15 years enrolled between February 2015 and January 2016 were 
included and previously diagnosed category I, category II and category 
IV pulmonary TB patients were excluded from the study.

A pre-tested interviewer administered questionnaire was used in Hindi 
language to collect data from study participants. The questionnaire 
included the questions on socio-demographic characteristics (age, 
education, occupation, etc); information related to TB and anemia. 
This was followed by a general physical examination, anthropometric 
assessment and systemic examination of the study participants. Blood 
was collected from the cubital vein, with the help of 26 Gauge needle 
and a vacutainer and then transferred into 2 labeled vials, a plain vial 
and an EDTA coated vial. Hemoglobin (Hb) was measured by 
Hematology Automated Analyser and peripheral smear was done by 
thin blood smear and SF was measured by ELISA method.

The sputum grading was scanty, 1+, 2+ and 3+. Scanty means 1 to 9 
AFB in 100 oil immersion elds.1+ means 10-99 AFB in 100 oil 
immersion elds. 2+ means 1 to 10 AFB per oil immersion eld in at 
least 50 elds. 3+ is more than 10 AFB per oil immersion eld in at 

23 least 20 elds as per RNTCP guidelines. Anemia is dened per WHO 
guidelines as hemoglobin <13 g/dl (males) or <12 g/dl (female). 
Anemia was further categorized according to severity with the 
following hemoglobin cut off points: mild anemia; 11.00 – 13 g/dl 
(male) and 11.00 – 12 g/dl (female); moderate anemia 8.00 – 11 (both 
sexes); severe anemia hemoglobin less than 8 g/dl for both sexes as per 

24 WHO guidelines. Delayed Sputum Conversion: As per the Revised 
National Tuberculosis Control Program (RNTCP), response to 
treatment for TB is assessed by sputum smear examination for AFB, 
which is done at the end of 2, 4 and 6 months of DOTS therapy. For the 
purpose of our study if a patient remained sputum smear positive at the 
end of 2 months of intensive phase treatment, we labelled him or her as 
a case of delayed sputum conversion. The reference range for BMI as 
recommended for Indian population by ICMR,2011 is as follows: 

2 2Under-weight- <18.5 kg/m , Optimal-weight- 18.5 - 22.9 kg/m , Over-
2 2weight- 23 – 24.99 kg/m  and Obese- >25 kg/m . Serum ferritin values 

≤10 µg/l were diagnostic of low Bone Marrow iron stores and therefore 
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25 26of Iron deciency.  In a study conducted by Kotru M,  revealed that 
raising the cut- off levels of SF to ≤30 µg/l was most effective in 
predicting absent bone marrow iron. SF level of ≤30 µg/l, which is 
higher than the usual cut-off of ≤10 µg/l used in uncomplicated iron 
deciency, was recommended to reasonably diagnose iron deciency 
in a setting of TB. For the purpose of our study, a cut-off value of ≤ 30 
µg/l was used for the iron deciency status for the TB patients.26 
Anthropometric assessments, blood sample collection and sputum 
smear examination were done at the start and the end of 2 months of IP 
of anti-tuberculosis treatment.

Data was entered in MS Excel and analysis was done using Predictive 
Analytics SoftWare (PASW) licensed version 21. The variables were 
analyzed using descriptive statistics to calculate frequencies, mean, 
range etc. Bi-variate analysis was done and Chi square test and Fisher 
Exact test were applied to determine the association between Delayed 
Sputum Conversion and the determining factors. Multi-variate 
logististic regression was applied to the variables that has p- value < 
0.05 during bi-variate analysis.

Approval from Institutional Ethical Committee of VMMC & 
Safdarjung Hospital and written informed consent from the TB 
patients were taken before the start of the study. The TB patients with 
iron deciency were counseled about the diet, started on iron therapy 
and those who required specialist care for management were referred 
either to VMMC and Safdarjung Hospital, New Delhi; or to Rao Tula 
Ram Memorial Hospital, Jaffarpur, which is the nearest health care 
center from the DOTS Centre, Najafgarh.

Results:
The study was conducted among 200 newly diagnosed Tuberculosis 
patients.

Socio demographic characteristics: The age of the participants ranged 
from 15 to 76 years and the median age was 30 years. Majority (98%) 
of study participants were Hindu by religion. Among the unemployed 
(68%), 43 (21.5%) study participants were house wives while 39 
(19.5%) were students. Among the employed (32%), most of them (32, 
16%) were unskilled workers. The maximum number (86, 43%) of 
study participants belonged to SE Class III of modied B.G. Prasad’s 
classication, 2014. Half of them (106, 53%) belonged to nuclear 
family and overcrowding was present in families of 129 (64.5%).

Substance use: Out of the 200 study participants, 102 (51%) were 
current smokers, 115 (57.5%) were current users of smoke less form of 
tobacco and 94 (47%) were current user of alcohol in any form. Dietary 
history: Out of 200 study participants, 86 (43%) were vegetarian 
whereas, 114 (57%) were non-vegetarian who consumed Red meat. 
None of the study participants were on iron supplements or steroids or 
immunosuppressant at the time of interview.

BCG vaccination: More than half of the study participants 118 (59%) 
were not aware of whether they had ever been vaccinated with BCG 
vaccination. BCG scar was present in 78 (39%). History of TB contact: 
Out of 200 study participants, 69 (34.5%) gave history of contact with 
TB infection either among family members or neighborhood and none 
reported history of contact in both.

On being enquired about presenting symptoms related to TB and 
anemia, cough for more than 2 weeks was reported by all the study 
participants followed by loss of weight (183,91.1%) and shortness of 
breath (116, 58%).

Out of 75 female study participants, 65 (86.67%) were menstruating. 
All of them had regular cycles and menopause was attained by 10 
(13.33%).

Out of 200 study participants, 13 (6.5%) of them had associated co-
morbid conditions. Of which, 7 (3.5%) had known Hypertension, 5 
(2.5%) had known Diabetes Mellitus, and none of them were HIV 
positive at the time of diagnosis of TB.

Figure 1. Distribution of study participants based on presenting 
symptoms related to Tuberculosis and Anemia at the start of intensive 
phase of treatment (N=200)

multiple responses possible

The mean BMI was 16.65 (S.D. = 2.81) at the start of IP and was 17.44 
(S.D. = 2.75) at the end of Intensive phase. Majority of them (146,73% 
and 129,64.5%) were underweight at the start of IP and at the end of IP 
respectively.

Table 1. Distribution of study participants based on Hemoglobin levels 
(N=200)

*WHO criteria

Anemia was found in 151 (75.5%) of the study participants at the start 
of Intensive phase and in 99 (49.5%) of the study participants at the end 
of Intensive phase. The mean Hb was 11.16 g/dl (±1.97; minimum = 
6.9 g/dl and maximum = 17.1 g/dl) at the start of Intensive phase and 
was 12.2 g/dl (±1.63; minimum = 7.9 g/dl and maximum = 16.4 g/dl) at 
the end of Intensive phase.

Among males, the mean Hb was 11.7 g/dl (±2.04; minimum = 7.4 g/dl 
and maximum = 17.1 g/dl) at the start of Intensive phase and was 12.6 
g/dl (±1.7; minimum = 7.9 g/dl and maximum = 16.4 g/dl) at the end of 
Intensive phase. Among females, the mean Hb was 10.3 g/dl (±1.36; 
minimum = 6.9 g/dl and maximum = 13.6 g/dl) at the start of Intensive 
phase and was 11.4 g/dl (±1.2; minimum = 9.0 g/dl and maximum = 
14.0 g/dl) at the end of Intensive phase.

Table 2. Distribution of study participants based on their serum ferritin 
value (N=200)

The mean serum ferritin level at the start of Intensive phase was 249.5 
µg/l (±256.3 µg/l) and at the end of Intensive phase was 197.6 µg/l 
(±206.2 µg/l).

The prevalence of Delayed Sputum Conversion at the end of 2 months 
of intensive phase of anti-tuberculosis treatment was 21.5%.

Table 3. Multi-variate logistic analysis of determinants of Delayed 
Sputum Conversion among Tuberculosis Patients (N=200)
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S. 
No.

ANEM
IA*

At the start of the intensive 
phase, n (%)

At the end of the 
intensive phase, n (%)

Male Female Total Male Female Total

1 No 
anemia

41 (67.2) 8 (10.7) 49 (24.5) 71 
(56.8)

30 (40) 101 
(50.5)

2 Anemia 84 (32.8) 67 (89.3) 151 
(75.5)

54 
(43.2)

45 (60) 99 
(49.5)

Total 125 (100) 75 (100) 200 (100) 125 
(100)

75 (100) 200 
(100)

S. 
No.

Ferritin Levels
(µg/l)

At the start of the 
intensive phase, n (%)

At the end of the 
intensive phase, n (%)

1 ≤ 30 24 (12) 9 (4.5)

2 > 30 176 (88) 191 (95.5)

Total 200 (100) 200 (100)

S. 
No

Predictor Uni-variate 
Analysis

(95% CI) p- value

Multi-variate 
Analysis

(95% CI) p- value

1 Family history of 
TB
No
Yes

0.046#* 0.529

2 Shortness of 
Breath

No
Yes

0.035#* 0.579



‘#*’ indicates signicant p-value by chi-square test, ‘##*’ indicates 
signicant p-value by Fisher Exact test, ‘##’ indicates p-value by 
Fisher Exact test, *p- value is signicant

Bi-variate analysis shows that the factors such as history of 
tuberculosis infection in family members, shortness of breath, under-
weight at the start and at the end of intensive phase of anti-tuberculosis 
treatment, initial high bacilli load of 3+, anemia at the start and at the 
end of intensive phase of anti-tuberculosis treatment and Serum 
ferritin level of ≤ 30 µg/l at the start of intensive phase were found to be 
associated with delayed sputum conversion.

In multi-variate logistic regression analysis of association factors, it 
was found that odds of delayed sputum conversion were signicantly 
higher if the tuberculosis patients had anemia at the end of 2 months of 
intensive phase of anti-tuberculosis treatment.

Discussion:
In the present study, the prevalence of Delayed Sputum Conversion 

27was 21.5% which is similar to the studies conducted by Pajankar S,  
28 29Mota PC,  Kayigamba FR.  A study by among 338 sputum smear 

positive tuberculosis patients revealed that the prevalence of Delayed 
Sputum Conversion was 35.5% which is slightly higher than our 
study.30 However, the prevalence of Delayed Sputum Conversion was 

22found to be lower in the following studies, Dudala SR,  and Nagu 
31TJ,  than the present study. Higher prevalence of delayed sputum 

conversion in our study may be due to increase in resistant tuberculosis 
32in North India over the years.

In the present study, the prevalence of anemia was 75.5% at the start of 
intensive phase. This result is similar to the studies conducted by 

33 34 35 31Yarnal PJ,  Thatoi PK,  Bhargava A,  Nagu TJ,  Minchella PA,36 
Oliveira MG37 and Isanaka S,5 where the prevalence of anemia was 
high among tuberculosis patients.

In the present study, there was a statistically signicant association 
between delayed sputum conversion and anemia at the end of 2 months 
of intensive phase of anti-tuberculosis treatment (p<0.05). In the study 
by Nagu TJ among 1245 pulmonary tuberculosis patients, where 
anemia at the start of intensive phase of anti-tuberculosis treatment 
was three times more likely to have sputum positive smear at the end of 
two months of anti-tuberculosis treatment as compared to non-anemic 

31patients.

It has been observed that the serum ferritin may be elevated as a part of 
acute phase reaction in chronic diseases like tuberculosis and the same 
had been observed in the current study also. In the present study, the 
mean serum ferritin level at the start of IP was 249.5 µg/l which was 
higher than the normal for both males and females and at the end of IP 
was 197.6 µg/l, which was lower than the baseline value. The result is 

38 37similar to the studies conducted by Kumar S and Oliveira MG.  In a 
study by Minchella PA among 45 cases and they found that the mean 
serum ferritin was 164.5 µg/l (95.7–252) at the start and 24.0 µg/l 
(9.1–76.3) at the end of 2 month of tuberculosis treatment. The mean 

36serum ferritin was reduced during anti-tuberculosis treatment.  There 
is paucity of studies which looks into the association between delayed 
sputum conversion and serum ferritin levels.

There is no scarcity of literature on the prevalence of anemia in 

tuberculosis patients in New Delhi and India, however our study is one 
of the longitudinal follow up study to show the importance of 
association of hemoglobin, serum ferritin levels and delayed sputum 
conversion. Our study has considered only sputum smear results only 

nd rdat the end of 2  month of intensive phase, but not at the end of 3  month 
and at the completion of treatment.

Conclusion:
To conclude from our study, three out of four newly diagnosed 
tuberculosis patients were anemic at the time of diagnosis of 
tuberculosis. Delayed sputum conversion was found in 21.5% of the 
newly diagnosed tuberculosis patients. Multi-variate analysis shows 
that anemia at the end of intensive phase of anti-tuberculosis treatment 
was found to be associated with delayed sputum conversion. It is 
recommended that the universal screening for anemia at the time of 
diagnosis of tuberculosis should be done to improve the treatment 
outcome of the tuberculosis patients and further studies should be done 
to nd out the mechanism of anemia among tuberculosis patients and 
to assess the efcacy of treating anemia in a randomized setting so as to 
improve the treatment outcomes. Hence, not only the anti-tuberculosis 
drug therapy, but a multi-pronged strategy which takes all the 
mentioned association factors into consideration can help in 
prevention and control of tuberculosis infection in India.
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3 Anemia at the Start of IP
No
Yes

0.009##* 3.933

4 Anemia at the End of IP
No
Yes

<0.001##
*

0.030*

5 Serum Ferritin <30 at the Start of IP
No
Yes

<0.001#* 0.336

6 Under-weight at the Start of IP
No
Yes

0.030#* 0.716

7 Under-weight at the End of IP
No
Yes

0.024#* 0.973

8 Bacilli Load at the Start of IP
Low cohort (2+, 1+ and scanty)

High cohort (3+)

<0.001#* 3.440
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