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ABSTRACT

Objective: This study was a prospective analysis of hematological changes in pulmonary tuberculosis (TB). The objectives of this study are (1) to study 
the changes in different parameters of hemogram in association of sputum-positive pulmonary TB, (2) to evaluate the disease severity and patient 
infectivity, (3) to determine the most common type and severity of anemia in pulmonary TB patients, and (4) to count platelets in pulmonary TB 
patients. TB is an important communicable disease in the world and is a major public health problem in India. Hematogical abnormalities associated 
with TB have been completely investigated in the literature though it is a common condition in India.

Methods: A total of 150 patients of acid-fast bacilli-positive cases were included, and disseminated TB, childhood TB, and patients receiving anti-TB 
drugs were excluded from this study.

Results: Among the 150 patients, anemia was observed in 116 cases, normocytic normchromic and microcytic hypochromic picture, leukocytosis in 
68 patients, thrombocytosis in 50 patients, thrombocytopenia in 5 patients, and ESR levels were elevated in more than 82% of patients.

Conclusion: A complete hemogram has been demonstrated in patients with acid-fast bacilli-positive cases in the present study. Since there was 
a paucity of literature in the hematological changes associated with TB, this study aimed at reinforcing the fact that they can be valuable tools in 
monitoring pulmonary TB.
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INTRODUCTION

Tuberculosis (TB) is a chronic infectious disease caused by 
mycobacterium TB. In developing countries, pulmonary TB is a common 
disease [1]. TB is a major global health problem. The disease can infect 
10-15 persons per year and an annual risk of 0.5–2% in high burden 
countries [2,3]. One-third of world population and nearly 3 million 
people die annually from pulmonary TB [4].

Mycobacterium TB is a facultative intracellular parasite, i.e., readily 
ingested by phagocytes and is resistant to intracellular killing [5]. The 
Indian TB bacillus is less virulent than the European bacillus. In recent 
years, a number of atypical mycobacteria have been isolated from man. 
These are classified into four groups: (1) Photochromogens (e.g. M. 
kansasii), (2) scotochromogens (Mycobacterium scrofulaceum), (3) non-
photochromogens (M. intracellulare), and (4) rapid growers (Mycobacterium 
fortuitum), all these are saphrophytic.

The most common source of infection is mainly diseased persons form 
droplets in the air during speaking, coughing, and sneezing [6] or the 
human cases with sputum positive for TB bacilli and who has either 
received no treatment or has not been treated fully. The bovine source 
of infection is usually infected milk. Patients are infective as long as they 
remain untreated. Effective antimicrobial treatment reduces infectivity 
by 90% within 48 h [7].

TB affects all ages. In India, the infection rate is 20% at the age of 
15–24 years age and 2% in 0–14 years of age group. In developed country, 
the disease is more common in older age group and more prevalent in 
males than females. It is not a hereditary disease, but twin studies [8] 
indicate that inherited susceptibility is an important risk factor.

TB is a social disease with medical aspects. The non-medical or social 
factors include poor quality of life, poor housing and overcrowding, 
population explosion, malnutrition, smoking, alcohol abuse, lack of 
education, large families, early marriages, and lack of awareness of 
causes of illness. All these factors are interrelated and contribute to 
the occurrence and spread of TB. HIV is the most potent risk factor for 
progression of TB infection to disease [9,10].

The tests used for the diagnosis of TB was by sputum examination 
for acid-fast bacilli, culture, TB skin test, chest X-ray and computed 
tomography (CT) scan, nucleic-acid amplification, and polymerase 
chain reaction (PCR) tests. There are studies in TB patients with 
hematological changes because it is a bacterial infection which secretes 
some substances and affects some hematological parameters in 
active pulmonary TB anemia, and iron deficiency erythropoiesis was 
observed. There was a close correlation between acid-fast bacilli in 
sputum and abnormal hematological value.

Rationale
The aim of the study is to analyze the hematological changes in 
pulmonary TB patients. This study can be helped to reduce the rate of 
morbidity and mortality and to avoid complications of the disease. The 
study may be useful as indicators of disease progression.

Here, we studied a prospective analysis of hematological changes in 
sputum-positive TB patients from January 2017 to August 2017.

METHODS

A prospective analysis of hematological changes in sputum-positive 
TB patients was analyzed from January 2017 to August 2017. The age 
group was adult male and female patients, and an exclusion criterion 
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was children’s, TB patients on treatment, HIV, and other associated 
systemic diseases.

Sputum examination
Sputum smear examination by direct microscopy considered as the 
method of choice, and it is number one case finding method all over the 
world, due to reliability, cheapness, and ease. The increasing number of 
new PTB infection cases every year is due to diseased patients excreting 
TB bacilli in their sputum.

Pulmonary TB was defined as being sputum smear positive in at 
least two microscopic examination, or sputum smear positive in 
one microscopic examination plus culture or abnormal chest X-ray 
shows TB. Smear negative tuberculosis is three negative smears but 
tuberculosis suugestive symptoms and abnormal chest X-ray shows TB 
or culture positive [11].

Sputum samples were collected from patients and stained by the Ziehl-
Neelsen method and examined by pathologist.

Collection of sputum sample
Day 1 sample is on the spot sample under supervision when presenting 
to the health facility. Give the patient a sputum container to take home 
for an early morning sample.

Day 2 sample patient brings an early sample.

If the patient is coming from the long distance or any default to give a 
second sample, two spot specimens are collected with a gap of 1 h [12].

Procedure for Ziehl-Neelsen acid-fast stain
Fix the smear on the slide by passing the slide with the smear up about 
3 times slowly through a flame. It can also do by covering the smear 
with alcohol and letting this evaporate.
1.	 Cover	with	carbol	fuchsine,	steam	gently	for	5	min	over	a	direct	flame	

(or 20 min over a water bath).
2. Wash with deionized water.
3. Decolorize in 3% acid alcohol (95% ethanol and 3% hydrochloric 

acid) until only a faint pink color remains.
4. Wash with water.
5.	 Counterstain	for	1	min	with	Loffler’s	methylene	blue.
6. Wash with deionized water and let it dry.

Slide reporting [13]
It is important to record the number of bacilli seen on each smear 
which gives patient infectivity and disease severity. The following table 
presents the standard method of reporting using ×1000 magnification.

Number of 
bacilli

Microscopic examination of 
sputum for AFB; Number of bacilli 
counted under oil immersion

Results

No AFB per 100 oil immersion fields 0
1–9 AFB per 100 oil immersion fields Scanty
10–99 AFB per 100 oil immersion fields +(1+)
1–10 AFB per oil immersion fields ++(2+)
>10 AFB per oil immersion fields +++(3+)

It is advised that the smear examined by one person should not exceed 
20 per day as visual fatigue leads to deterioration of reading quality [14].

Blood sample analysis
Anticoagulated venous blood 2.5 ml was obtained from patients and 
analyzed by Sysmex XN 1000i six-pasrt instrument in central clinical 
laboratory. Principally, it is based on the impedance detection method 
for counting and sizing recognition of the leukocytes, erythrocytes, and 
platelets using three hydraulic systems for white blood cells (WBC), red 
blood cells (RBC), and hemoglobin and displays the results on the liquid 
crystal displayer with histogram and printed out the results in paper.

The reagents and materials used in Sysmex are cell pack and stromatolyser 
diluents and lysing reagents. The function of Detergent and cell cleaner 
is for cleaning solution to remove lysing reagents, cellular residuals, 
and blood proteins remaining in the hydraulics of Sysmex automated 
hematology analyzers.

The parameters analyzed by this are hemoglobin (Hb g/dl), RBC 
count, RBC indices (MCV, MCH, MCHC), PCV, total count (WBC count), 
differential count (neutrophils, lymphocytes, monocytes, eosinophils, 
and basophils), and also platelets.

This study was approved by IRB and Ethical committee.

RESULTS

One hundred and fifty patients who were sputum positive for AFB were 
included in the study. There were 116 males and 34 females with mean 
age of 50 years in males and 37 years in female.

The mean Hb levels in males were 11.13 g/dl and in females 9.8 g/dl. 
The mean hematocrit was 34.6% in males and 31.4% in females.

The definition of anemia used in this study was Hb concentration 
<13.5 g/dl in males and 12.5 g/dl in females.

Anemia was present in 116 patients (77.3%), of which males were 88 
and females were 28. Prevalence of anemia in TB patients with sputum 
smear showing 1+ is 74% (40/54). Prevalence of anemia in TB patients 
with sputum smear showing 2+ is 77% (27/35). Prevalence of anemia 
in TB patients with sputum smear showing 3+ is 88% (24/27). MCV was 
decreased in 36 patients and MCHC was decreased in 21 patients (Table 1).

Leukocytosis was present in 68 patients (45.3%), of which males 
were 49 and females were 19. Prevalence of leukocytosis in TB 
patients with sputum smear showing 1+ is 42% (23/54). Prevalence 
of leukocytosis in TB patients with sputum smear showing 2+ is 57% 
(20/35). Prevalence of leukocytosis in TB patients with sputum smear 
showing 3+ is 55% (15/27). Neutrophilia was observed in 90 patients, 
of which males were 73 and females were 17. Eosinophilia was 
observed in 15 patients, of which males were 12 and females were 3. 
Lymphocytopenia was observed in 70 patients, of which males were 60 
and females were 10.

Thrombocytosis was present in 50 patients (33.3%), of which males 
were 38 and females were 12. Prevalence of thrombocytosis in TB 
patients with sputum smear showing 1+ is 29% (16/54). Prevalence 
of thrombocytosis in TB patients with sputum smear showing 
2+ is 31% (11/35). Prevalence of thrombocytosis in TB patients with 

Table 1: Hematological abnormalities in total TB cases

Total Out of 150 cases (%)
Anemia 116 (77.3)
Leukocytosis 68 (45.3)
Neutrophilia 90 (60)
Lymphopenia 107 (71.3)
Esonophenia 53 (35.3)
Esonophilia 15 (10)
Monocytosis 7 (4.6)
Monocytopenia 13 (8.6)
Basophilia 1 (0.6)
RBC (decreased) 117 (78)
MCV (Decreased)
MCV (Increased)

36 (24)
2 (1.3)

MCH (decreased)
MCH (increased)

4
80

MCHC (decreased)
MCHC (increased)

21 (14)
4 (2.6)

Thrombocytopenia
Thrombocytosis

5 (3.3)
50 (33.3)
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sputum smear showing 3+ is 51% (14/27). Thrombocytopenia was 
seen in 5 cases, of which 4 in males and 1 in female (Table 1).

ESR was increased in 75 patients of 91 cases, males were 57 (out 
72 cases) and females were 18 (out of 19 cases).

DISCUSSION

The most common communicable disease in the world is TB and is a 
major public health problem in India. In 1993, the WHO declared that 
TB is a global emergency. In 2014, TB was the main cause of death due 
to infectious diseases worldwide. Among the 22 countries, 80% of cases 
are noticed in Brazil and the state of Rio de Janeiro has the highest 
mortality and the second highest incidence in 2014 [15].

The prevalence of TB in India in 2015 is 2.5 million [16]. It is estimated 
that about 40% of the Indian population is infected with TB bacteria. 
The patients who have cavity lesions are an important source of 
infection. These patients are usually sputum smear positive. Coughing 
produces tiny infectious droplets usually 3000 droplet nuclei, and these 
can stay in the air for long period of time [17]. The TB bacilli divide 
every 16–20 h, an extremely slow rate compared with other bacteria, 
which usually divide in less than an hour.

When the disease is active, 75% of the cases are pulmonary TB. 
Symptoms include chest pain, coughing up blood, and a productive 
cough for more than 3 weeks. Systemic symptoms include fever, chills, 
night sweats, appetite loss, weight loss, pallor, and fatigue. In the other 
25% of active cases, the infection may spread to other organs known 
as extrapulmonary TB. The pathogenesis in TB is tissue immune 
response and formation of granulomas comprising cells of monocyte 
lineage, multinucleated giant cells, and T lymphocytes. In the early 
stage, neutrophils are present, Where as more advanced disease is 
characterized by caseous necrosis and finally  deposition of calcium. 
The diagnosis of TB was made by blood or sputum culture, X-ray, CT 
chest, skin test, IGRAs in vitro blood test, and PCR tests. However, in 
developing world, a rapid and inexpensive diagnostic test would 
be valuable [18]. The acid-fast (Ziehl-Neelsen) smear is rapid and 
inexpensive test that can be performed with a minimum of equipment 
and is very specific for mycobacteria.

A very less number of studies on hematological abnormalities in pulmonary 
TB in India were available. Now, we did a prospective observational study 
in persons who attended outpatient or admitted in Saveetha Medical 
College, Thandalam, Kancheepuram district, Tamil Nadu, diagnosed as TB 
by sputum-positive AFB and associated hematological changes.

Zamen et al. found that men are more commonly affected by PTB than 
women. Our study showed that PTB was more in male patients than 
female patients and correlated with the Zamen et al. [19].

The mean Hb levels in males were 11.13 g/dl and in females 9.8 g/dl. 
The definition of anemia used in this study Hb concentration <11 g/
dl in males and <10 g/dl in females. The causes of anemia are reduced 
hemoglobin production, reduced DNA synthesis, reduced stem cell 
production, bone marrow infiltration, infection, increased red cell 
destruction, and acute or chronic blood loss. In patients with infection, 
inflammatory or neoplastic disease having mild-to-moderate anemia 
persists more than 1–2 months is called anemia of chronic disease. All 
chronic infections including TB can cause anemia.

Anemia was present in 116 patients (77.3%), of which males were 88 and 
females were 28. The prevalence of anemia was higher in patients whose 
sputum positivity was 3+ (74%), 2+ (77%) and 1+ (74%). Based on the 
RBC indices, the common type of anemia was normocytic normochromic, 
76% (Tables 2 and 3). In 36 patients, 24% have microcytic hypochromic 
anemia and <1% patients have macrocytic anemia. In Saudi Arabia, 
a case–control study was done in PTB patients about hematological 
changes. In this study, anemia occurred in 60% of male and 45% of 
female patients and showed normocytic normochromic anemia in 80% 

of the patients, while 20% of PTB patients had microcytic hypocromic 
anemia. Our study was correlated with above study and also agreed with 
the study done by Al-Omer et al and in India by Yaranal et al. [20,21]. 
Some studies postulated that the anemia in TB patients was an absence 
of bone marrow iron, suggesting that iron deficiency is a possible cause 
of anemia in TB patients. Hypoferremia can be caused by tumour 
necrosis factor alpha, interleukin (IL-1), and IL-6 which are T helper 
(TH)-1	cytokines.	TNF-α	and	other	cytokines	(IL-1)	released	by	activated	
monocytes suppress the erythropoietin production by independent of 
the	 hypoxia-inducible	 factor	 pathway-1	 leading	 to	 anemia	 [22].	 TNF-α	
and IL-1 enhance iron uptake and ferritin synthesis [23]. In infections, 
inflammatory, and neoplastic disorders, the erythropoietin is a limited 
increase and is inappropriately low for the degree of anemia [24].

Depending on the sputum smearing positivity, the leukocyte response 
was varied. Leukocytosis was present in 68 patients (45.3%), of 
which males were 49 and females were 19. The increased prevalence 
of leukocytosis present in patients with sputum smear showing 2+ is 
57%, next highest in patients with sputum smear showing 3+ is 55%, 
and in patients with 1+ is 42%. Neutrophilic leukocytosis was observed 
in 90 patients, of which males were 73 and females were 17, and the 
results are similar with Olaniyi et al. [25] who reported neutrophilia 
associated with acute inflammation and bacterial infection. Eosinophilia 
was observed in 15 patients, of which males were 12 and females were 
3, this indicates that patients had infection. Some studies reported 
that changes in relative number of lymphocytes, monocytes, and 
polymorphonuclear leukocytes had not proved useful either as clinical 
or prognostic value (Tables 2 and 3) [26].

Table 2: Hematological profile in sputum‑positive pulmonary 
TB of male

Males Mean±SD
Age 50.7±13.4
Hemoglobin 11.13±2.4
TLC 10713±3526
Neutrophil 76.73±10.4
Lymphocytes 15.3±7.9
Eosinophils 2.8±3.7
Monocytes 4.8±2.2
Basophils 0.3±0.35
PCV 34.6±6.9
RBC 4.14±0.8
MCV 82.5±10.6
MCH 26.9±3.2
MCHC 33±7.7
ESR 57.9±41.6
Platelets 3.4±1.3
TB: Tuberculosis

Table 3: Hematological profile in sputum‑positive pulmonary 
TB of females

Females Mean±SD
Age 37.2±17.6
Hemoglobin 9.8±2
TLC 10647.8±4303
Neutrophil 72.1±10.6
Lymphocytes 17.5±8.8
Eosinophil 1.6±2.4
Monocytes 4±2.3
Basophil 0.23±0.19
PCV 31.4±6.4
RBC 4.03±0.82
MCV 76.8±10.6
MCH 25.2±11.6
MCHC 31±1.8
ESR 72.3±38.7
Platelets 3.34±1.29
SD: Standard deviation, TB: Tuberculosis
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Lymphocytopenia was observed in 70 cases. The exact cause for 
the development of lymphocytopenia has not been diagnosed, but 
some	 studies	 suggested	 that	 TNF-α	 place	 a	 role	 in	 the	 pathogenesis	
of lymphocytopenia [18]. Some studies reported thromobocytosis 
in patients with military or disseminated TB [27]. A study done 
by Morris et al. in pulomonary TB showed that more than 50% of 
patients have thrombocyosis. In the present study, thrombocytosis 
was present in 50 patients (33.3%), of which males were 38 and 
females were 12, and our study correlated with the findings of Mores 
et al. and Yaranal et al. Prevalence of thrombocytosis in TB patients 
with sputum smear showing 1+ is 29%, 2+ is 31%, and 3+ is 51% 
(Tables 1-3). Thrombocytosis was highest in male patients than females. 
The stimulus for increased production in TB is not clear [28]. Various 
inflammatory cells, cytokines, and other mediators are involved in the 
formation of granulomatous lesions in TB, and IL-6 has been known to 
promote platelet production [29]. Since platelets have been proposed 
as immune cells in recent years, the distinctive morphologic feature of 
platelets with higher PDW and MPV values in TB may be reflection of an 
activated platelet form as observed for most other cells of the immune 
system. Thrombocytopenia was seen in 5 cases, of which 4 in males and 
1 in female. Goldenberg suggested that identification of pancytopenia in 
association with TB may be due to drug toxicity or another underlying 
process and requires further evaluation [30].

In our study, ESR was elevated in 82% of patients, of 91 cases, males 
were 57 and females were 18, and it was an indicator of disease severity 
and prognostic tool. ESR was elevated higher in male patients than 
female patients. Bala et al. [31] and the study done by Olaniyi et al. 
found that increased ESR value in maximum patients [25].

CONCLUSION

The hematological changes observed in TB patients suggested that 
the differential diagnosis of TB should be considered in patients with 
different hematological disorders. The importance of our study was 
a comparison of hematological changes with bacteriological index 
(severity of sputum positivity) in PTB patients and till now no one done 
this study. In our study, the persons with increased bacteriological index 
showed an increased prevalence of anemia, leukocytosis, neutrophilia, 
relative lymphopenia, and thrombocytosis and also the incidence was 
higher in males than female patients. Hence, there was an association 
between severity of the infection and hematological changes.

Awareness of the clinical, laboratory features, and demographics of TB 
patients may facilitate early diagnosis. The unexplained presence of 
any of these hematological abnormalities should raise suspicion of the 
disease.

As ESR was done routinely along with other basic investigation for the 
diagnosis of TB, and it was an indicator of disease severity and as a 
monitoring tool for response to treatment in conditions in which it was 
raised.

In most of the cases, culture was not done, so we excluded this 
parameter.
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