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Tuberculosis (TB) is one of the main causes for death among people worldwide. There has been an increase in the
incidence of drug-resistant TB. The effect of TB on various diseases has an impact on hematological parameters
and it is an emerging problem in India. The impact of the medical condition on diabetes, hypothyroid, and retroviral
disease (RVD) in multidrug resistance TB is investigated. The study highlights changes in hematological parameters
in both genders. The study enrolled (N = 271) patients with drug resistance attending the district government hospital.
The study observed normocytic normochromic anemia (7 = 244) in most patients. Anemia was prevalent in female
(n = 68) patients. A statistical significance was observed in hemoglobin (p < 0.0001""), hematocrit (p < 0.0001"),
red cell indices between male and female patients. The study reported the drug-resistant TB more in diabetes than in
hypothyroid and RVD patients. The clinical conditions such as diabetes, hypothyroid, RVD in multidrug resistance
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differences. TB established significant changes in cell counts of white cells (p = 0.03"), monocytes (p < 0.0002""), and immature
granulocytes (p < 0.009™). Monitoring anemia in TB is essential, and it is pertinent to monitor anemia in female
patients as a prerequisite. The drug resistance TB worsened the hematological parameters compared to the comorbid
conditions with drug resistance TB.
INTRODUCTION indicates valuable information in assessing the clinical status

Tuberculosis (TB) is the most contagious disease and
is one of the top 10 causes of death worldwide. The causative
organism Mycobacterium tuberculosis, expelled in the form of air
droplets, affects the respiratory system including other parts of the
body. Globally, 10 million new cases were reported in the year
2019 (Global tuberculosis report, 2020).

Sputum-positive mycobacterial infection altering the
blood parameters emerged as increased neutrophils count, elevated
erythrocyte sedimentation rate (ESR), reduced lymphocytes,
monocytes, red blood cell (RBC) count, and hemoglobin (HGB)
level. The delay in the conversion of sputum positive to negative
and changes in the blood parameters pre- and post-therapy
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of the diseases in TB. Findings such as body weight, leukocyte
count, HGB, thrombocytes, and sedimentation rate of red cells
were observed to be the indicators for satisfactory outcomes. The
abnormalities in the blood picture are considered indicators for the
diagnosis of TB (Bozoky et al., 1997). Patients showed improved
hematological parameters on treating with antitubercular drugs
compared prior to the treatment initiation. This improvement was
observed in the HGB, packed cell volume (PCV), RBC, and its
indices (Mirlohi et al., 2016). The normocytic normochromic
anemia was the usual finding in pulmonary TB. Inconsistency in
counts in the blood parameters was observed in the leucocytes,
neutrophils, lymphocytes, and monocytes. Increase in platelet
(PLT) count and ESR was more prominent in pulmonary TB. The
altered hematological parameters normalized on the initiation of
antitubercular medication (Singh er al., 2001).

Diabetes and human immunodeficiency virus (HIV) are the
exogenous factors that increase the risk of exposure to the bacillary
load. The endogenous factors lead to the progression of the infection
in diabetes mellitus (DM) by diminishing the T-cell-mediated immune
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responses. The active TB and altered biochemical pathways result in
recurrent TB episodes and a higher mortality rate with deteriorated
health outcomes. Impaired host defense mechanisms, altered
biochemical activities, and persistent hyperglycemia lead to the
development of disease complications, increasing the risk to infections
(Revised National Tuberculosis Control Program, 2017). Patients
with TB-DM and DM with other chest disease complaints identified
significant differences with an increase in PLT count, ESR, loss of
weight, and decreased HGB levels in TB-DM patients (Khalil and
Ramadan, 2016). HGB was low in pulmonary TB subjects compared
to nonpulmonary TB patients and high incidences of diabetics than
HIV infection. Hence, identification of other medical conditions is
essential while screening patients during their initial diagnosis of TB
(Jamil et al., 2019). The other endocrine system much influenced by
TB is the thyroid gland which plays a vital role in regulation of body
metabolism and erythropoiesis. Anemia, deficiency of iron levels, and
reduced HGB levels are the chief clinical presentations in thyroidal
illness. The thyroidal imbalance influences the hemogram parameters
mainly with RBC, HGB, white blood cell (WBC), mean corpuscular
volume (MCV), and anisocytosis (Ahmed and Mohammed, 2020).
TB afflicts the circulatory system, lungs, and increases the mortality
in presence of comorbid conditions. The evaluation of complete
blood picture helps in managing the patients for improved health
outcomes. A study was conducted to evaluate the changes in the
hemogram between pulmonary TB and its combination with other
clinical conditions. The changes in RBC, HGB, WBC, ESR, PLT,
and loss of weight contribute to the progression of TB. Significant
alterations in monocyte, eosinophil counts, and ESR were observed
in comorbidities. The findings suggest the need to correct the unusual
blood picture (Javed et al., 2018).

Pulmonary TB is the most common opportunistic
infection in HIV. An improved health outcome from TB infection in
HIV-positive patients was comparable to those of HIV noninfected
patients (Agbor ef al., 2015). Patients with HIV and TB revealed
reduced WBC, lymphocyte, neutrophil, basophil and eosinophil
count. The coinfection of pulmonary TB-HIV deteriorates the
hemogram parameters and clinical condition. Majority of the
pulmonary TB patients were observed to be anemic, with an
increase in PLT count and ESR (Abbas et al., 2020).

In the present research, we have compared the
hematological parameters between male and female multidrug-
resistant pulmonary TB (MDRPTB) and it was analyzed with
medical conditions such as diabetes, HIV, and hypothyroidism.
Few studies are available from the region of Telangana on the
rate of infectivity among comorbid conditions in MDRPTB
patients. This study is initiated to note the changes in hematologic
parameters and is interpreted to assist with the diagnosis and
management of the disease.

MATERIALS AND METHODS

Study site

Presuming for the outcome, prior approval and
permission for the study were obtained from the Institutional
Review Board (JCPN/112/2018). The prospective investigations
were carried out from February, 2018 to December, 2020. The
study was conducted in the Government TB and Chest hospital,
Warangal, Telangana, India. The study participants elucidated
about the protocol before obtaining their consent.

Inclusion and exclusion criteria

The enrollment criterion of subjects with drug-resistant
TB patients’ suffering from the presence and absence of the
comorbid conditions and proven positive report for the presence
of mycobacterium was considered. Rapid molecular tests, such
as cartridge-based nucleic acid amplification test, first line—
line probe assay, second line—line probe assay, and culture tests
were employed to recognize the drug resistance among patients.
Few patients accounted for additional resistance amid treatment
period were also recognized. The subjects excluded from the study
include individuals less than 18 years and pregnant women.

Data collection and procurement of blood sample

Patients’ demographic data, history of clinical conditions,
medication, and laboratory investigations for the diagnosis of
MDRPTB were examined. 4 ml of blood was drawn from the patients
to examine the hemogram parameters for any changes on the same
day. The “Mindray BC 2800 Automated Hematology Analyzer”
(Shenzhen Mindray, Bio-Medical Electronics Co., Ltd.) was used to
evaluate the hemoglobin, RBC count, and its indices. The total WBC,
differential count, PLT count, and its indices were are also estimated.

Categorization of patients

We reviewed patient details and confirmed the presence
of comorbid conditions along with MDRPTB; the subjects
were categorized into Group I with complications appropriated
to multidrug resistance TB and Group II with MDRPTB and
comorbid conditions. Furthermore, patients were classified into
various disease categories with MDRPTB infection based on the
comorbid conditions. Due to patients with multiple comorbidities,
nerve and cardiac-related complications were developed in a
limited number of cohorts, and hence not considered for the
inferential statistical analysis. The hemogram of subjects with
infection and other clinical conditions such as diabetes, retroviral
disease (RVD/HIV), hypothyroid, and MDRPTB was interpreted.

Statistical analysis

The data were presented as number, percentage, and mean
+ SD. Significant differences were considered when the probability
value was p < 0.05. The intergroup differences were analyzed using
analysis of variance (ANOVA) in GraphPad Prism V.5.

RESULTS

The study enrolled a total of 271 MDRPTB patients
during the research period in which male (» = 195) outnumbered
female patients (n = 76). Among 271 patients, majority of the
patients were categorized as Group I (n = 199) and the remaining
patients as Group II (n = 72) having comorbid complications.
Considering the criteria of gender, presence or absence of other
clinical conditions, the above two groups are sub-classified. The
age was less in Group I subjects with MDRPTB and there was
more loss of weight in contrast to Group II MDRPTB patients
accompanied with clinical conditions. The distribution of age and
weight of these patients is presented in Table 1.

Hemogram abnormalities between male and female patients
in Groups I and II

The immune defense mechanism of leukocytosis to combat
the invading bacterial population is noticed in both groups, but



Thungathurt and Orsu / Journal of Applied Pharmaceutical Science 12 (05); 2022: 171-177 173

females had a lower incidence. Mycobacterium tuberculosis-activated
neutrophils with a rise in count in male patients with statistical
significance (p = 0.04") were noticed. A decrease in lymphocytes
count prompting the inadequate immune competency to combat the
mycobacterial infection was reflected in male patients. Monocytes,
the target cells of M. tuberculosis, were observed among two groups
of male patients (p = 0.003"") with a rise in count. The rarely associated
eosinophilia in TB showed its predominance in female patients of
both groups. Basophils were present in a normal reference cell range.
Majority of the patients in both groups and female in the comorbid
group exhibited an increase in immature granulocytes. An upsurge of
WBC and the differential count cells was recorded.

Few subjects experienced reduction in the red cell count
in both groups. The iron-containing protein in the red cell HGB was
deficient and noticed in the highest number of patients of Group I
(89.44%) and Group II (91.66%). Visible differences in HGB levels
in Group I were noticed among male and female patients and were
statistically significant (p < 0.0001""). The infection influenced
PCV levels in both groups with significant differences among male
and female patients (p < 0.0001""). The hematocrit (HCT) value in
TB patients significantly decreased during the intensive phase of
TB treatment, and was below the reference range in female subjects
of both groups. The magnitude of anemia among TB patients was
assessed, and most of the patients implied normocytic normochromic
anemia, followed by microcytic hypochromic anemia. Female subjects
observed a lesser than usual range of MCV and MCHC, with statistical
significance among two different genders. The difference in MCH in
both Group I (n = 132) and Group II (n = 45) denoted prevalence of
iron deficiency (p = 0.001™). The elevated red cell distribution width
(RDW) indicated anisocytosis and was prominent in female patients.
Similar to these incidences of red cell distribution width—coefficient
of variance (RDWCYV) measuring the variation in the size of red
cells around MCYV, anisocytosis was observed in female patients (p
= 0.006"). Nucleated RBCs were noted in all the subjects and female
patients presented an increased count. Altogether, the female gender
was recognized with reduced levels of HGB, HCT, MCV, MCH,
MCHC, RDWCYV, and NRBC compared to male patients.

The increase in the PLT count that signifies the
progression of infection with TB is observed in both genders.
Platelet distribution width (PDW), mean platelet volume (MPV),
platelet large cell ratio (PLCR), and plateletcrit (PCT) showed
significant increases in all the indices of PLTs (Table 2). Our study
suggested that active TB is associated mostly with very high ESR
values in female patients.

WBC: White blood cell; IG: Immature granulocytes;
RBC: Red blood cell; MCV: Mean corpuscular volume; MCH:
Mean corpuscular hemoglobin; MCHC: Mean corpuscular
hemoglobin concentration; RDW: Red blood cell distribution
width; NRBC: Nucleated red blood cell; PDW: Platelet distribution

width; MPV: Mean platelet volume; PLCR: Platelet large cell
ratio; ESR: Erythrocyte sedimentation rate.

Hemogram profile in MDRPTB vs MDRPTB with

comorbidities

The salient feature of increased WBC (p = 0.03") was
evident in Group I. The patients in Group II with RVD showed
no major changes in the white cell count. Hyperinflammatory
response of the neutrophils was noticed in the MDRPTB group
while normal values were recorded in RVD patients. Tubercular
bacilli reduced the lymphocytes in Group I and among
hypothyroid patients with infection. Confirmed association
with active TB disease and monocytes in increased counts was
noticed in MDRPTB patients than in patients with other clinical
conditions with infection (p = 0.0002""). The allergic outcomes
of eosinophilia were illustrated in Group II and in patients with
diabetic complications. Although basophils were not fluctuating
from its normal values, it manifested with an increased count in
Group 1. The appearance of early stage immature granulocyte is an
indication of the infection or inflammation. It was predominant in
Group II and in hypothyroid patients (p = 0.009").

The reduced RBC, HGB, and HCT were observed in
Group II with comorbid conditions and RVD patients. The RVD
group illustrated the values below normal with no statistical
significance. The primary findings of Group 1 are attributed
to microcytic anemia (p = 0.007™), iron deficiency (p = 0.01%),
and hypochromic anemia. Both indices RDWSD (p = 0.02%)
and RDWCYV highlight the MDRPTB group for anisocytosis in
red cells. The increase in NRBC was found in Group 1 and in
hypothyroid patients.

PLT count and PCT showed an increment, while the
indices PDW, MPV, and PLCR were reduced in the MDRPTB
group. PDW is much reduced in hypothyroid patients. Raised ESR
was noticed in majority of the patients. The subjects of Group 2
were noticed with elevated ESR than Group 1. Changes in the
hemogram with reference to comorbid conditions in MDRPTB
patients are illustrated in Table 3.

WBC: White blood cell; N: Neutrophil; L: Lymphocyte;
M: Monocyte; E: Eosinophil; B: Basophil; IG: Immature
granulocyte; RBC: Red blood cell; MCV: Mean corpuscular
volume; MCH: Mean corpuscular hemoglobin; MCHC: Mean
corpuscular hemoglobin concentration; RDW: Red blood cell
distribution width; NRBC: Nucleated red blood cell; PDW:
Platelet distribution width; MPV: Mean platelet volume; PLCR:
Platelet large cell ratio; ESR: Erythrocyte sedimentation rate.

DISCUSSION

The changes in the hematological parameters play
an important role and influence patients’ treatment outcomes.

Table 1. Age and weight of MDRPTB patients.

Group 1 MDRPTB

Group 2 MDRPTB with comorbidities

Variable Male (n = 143) Female (n = 56) Total (n = 199) Male (n =52) Female (n = 20) Total (n = 72)
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD

Age (year) 43.75+15.22 33.45+13.20 40.85+15.36 46.81 + 11.31 45.75+11.10 46.51 £ 11.19
Weight (kg) 41.30£8.02 35.02+7.77 39.53+8.43 43.29+9.22 40.25+7.24 42.44 £8.77
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Table 2. Comparison of hemogram between MDRPTB and comorbid patients. Statistical analysis carried out using ANOVA, followed by Tukey’s
multiple comparison test.

Group 1 MDRPTB (n =199)

Group 2 MDRPTB + comorbid (n = 72)

Variable p-value
& Mean = SD Q Mean + SD & Mean = SD Q@ Mean + SD

WBC and differential count
WBC (4-11 x 10%/ul) 10.97 £ 4.62 1040 +5.18 10.75 +£5.29 9.30+3.43 0.5
Neutrophil (40%—70%) 70.60 + 11.77 65.38 + 14.68 69.89 + 14.76 65.85+11.31 0.04 *
Lymphocyte (20%-40%) 16.05 + 8.52 20.28 +£9.85 17.42 £9.56 20.48 +£7.17 0.01 *
Monocyte (0%—11%) 9.34 £2.68 8.97 £2.65 7.78 £3.44 7.86 +2.81 0.003 **
Eosinophil (0%-8%) 3.68 £4.49 5.07+9.34 4.58 £ 6.49 5.49+9.40 0.42
Basophil (0%—3%) 0.35+0.25 0.26 £0.19 0.32+0.25 0.30+0.21 0.12
1G % 0.58 +1.00 0.46 +0.82 0.53 £0.44 0.85+2.08 0.52

HGB, RBC, and its indices
RBC (& =4.3-5.9 x 10%ul; @ = 3.5-5 x 10%/pl) 4.55+1.51 4274057 4.17+0.78 4.05+0.70 0.09
HGB (8 = 14-18 g/dl; @ = 12-16 g/dl) 11.39£2.02 9.94+1.55 10.98 £2.15 10.43 +£1.68 <0.0001"
HCT (42%—54%) 36.32+5.57 32.70 £ 4.65 34.33+6.20 32.73 +£4.64 <0.0001"
MCV (76-100 f1) 82.26 +£8.91 76.82 £+ 7.88 82.05 = 6.89 85.00 + 12.34 0.0002 ™
MCH (27-34 pg) 25.64+3.92 23.72+3.44 26.15+2.85 26.59 +4.52 0.001™
MCHC (31-37 g/dl) 31.28+1.51 30.75+£1.91 31.83+1.44 31.21+1.17 0.006 **
RDWSD (40-55 f1) 4570 +7.31 45.74 £ 6.12 44.46 + 6.99 4736+17.13 0.44
RDWCV (11%-15%) 15.50 +£2.62 16.70 £2.78 15.03 £2.32 15.90 +2.85 0.006 ™
NRBC (% per 100 WBC) 0.02 +0.09 0.03+£0.07 0.25+0.07 0.03 £0.06 0.76

PLTs, its indices, and ESR

PLTs (150-450 x 10 3/ul) 383.7+141.3 382.8+134.8 351.9+137.6 378.6 £127.4 0.54
PDW (8.3-25 fl) 10.36 + 1.87 11.33 £2.58 10.95+2.13 11.22 +2.00 0.01"
MPV (8.6-15.5 fl) 9.60 + 1.26 10.13 +£1.28 9.95+0.99 10.19 +0.93 0.01"
PLCR (11.9%—66.9%) 22.04 +7.62 25.63 +£9.49 24.47 +7.54 25.89+7.45 0.01"
PCT (0.15%-0.62%) 0.37+0.12 0.39+£0.12 0.34+0.12 0.38£0.12 0.29
ESR (& = 0-20 mm/hour; @ = 0-30 mm/hour) 69.02 £ 28.52 60.89 +26.30 74.04 +26.59 71.00 +23.37 0.08

*p<0.05

** p<0.001

**k p <0.0001

Treatment outcomes can be improved by monitoring the
hematological markers and by careful evaluation and management
of TB. The results reported here reinforce anemia and drug
resistance influencing the various blood parameters. The results
describe the changes in hematological parameters in both genders.
The changes in hematological parameters were investigated in
the MDRPTB infectious group and with medical conditions such
as diabetes, RVD, and hypothyroid. Consistent with other studies,
the present study noticed variations in hematological parameters
in male and female subjects (Comstock, 2008), which has been an
enduring observation in many of the research works. Considering
the comorbid conditions, diabetics and HIV patients are at a great
risk of drug-resistant TB and its relapse within 2 years (van den
Hof et al., 2015). This signaled a treatment with regular intervals
of monitoring patients. The sign of thyroidal abnormalities before
or after initiation of the treatment is marked in TB patients with or
without HIV (Ige et al., 2016). The current investigation also owns
up that diabetics with drug resistance outweighed the patients with
RVD and thyroid comorbid conditions. The patients with MDRPTB
weighed lesser than the other group. Innate immunity contributes

to activating the immune cells granulocytes and agranulocytes help
in promoting phagocytosis and oxidative lysis of bacilli. Among
granulocytes, neutrophils provide antimicrobial effects and help
resolve infections (Nordenfelt and Tapper, 2011). Neutrophils also
exhibit a disparity in the gene expressions in both genders (Patin et
al.,2018). An elevated WBC count was detected in male patients and
in MDRPTB subjects. Reduced WBC count in peripheral blood in
immunodeficient HIV patients was noticed (Moore and Schneider,
2013). The coexisting condition of HIV contributing to the reduced
WBC count is signaled in the present study. Immature granulocytes
upsurge in Group 2 subjects, particularly in hypothyroid with
MDRPTB patients, was prominent. The increased eosinophil counts
occur in adult women and adults of both genders with respiratory
infections. This count normalizes on the initiation of antitubercular
regimens (Kolobovnikova et al., 2012). Raised eosinophil count
was predominantly observed in female subjects of both groups and
in the group with comorbidities. Studies report that the higher the
leucocyte number, the smaller the basophil count (Fossati, 2009).
A marginally increased basophil count was noticed in MDRPTB
along with an increase in WBC count.
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Table 3. Changes in the hemogram with reference to comorbid conditions in MDRPTB patients. Statistical analysis was carried out using ANOVA,
followed by Tukey’s multiple comparison test.

Para-meter Multiple (04) CNS (3) CVS (03) DM (49) RVD (9) Hypothyroid (6) MDRPTB (199) p-value
WBC 12.04 £ 12.48 20.69 13.44+1326  10.52+3.02 6.31+3.44 10.60 £ 2.55 10.81 £4.78 0.03*
N 66.45+15.63 86.4 53.90+33.27 6949+ 11.54 66.58+17.85 7220 +£12.32 69.13 +12.83 0.86
L 18.50 £ 12.35 4.8 2293+£23.00 17.69+7.03 22.60+10.73 16.27 £ 10.15 17.24 £9.09 0.34
M 9.47 +3.45 8.6 12.03 £9.43 7.37+2.30 7.93+5.04 7.85+1.30 9.24 +£2.67 0.0002%**
E 5.40 +6.47 0 10.73 £ 15.09 5.10+7.78 2.65+3.26 3.43+£4.07 4.07 +£6.25 0.65
B 0.17+0.17 0.2 0.40 +0.34 0.35+£0.25 0.22+0.13 0.25+0.25 0.32+£0.23 0.4
1G% 0.75+0.58 0.7 0.80+0.78 0.45+0.38 0.52+0.37 1.93+3.78 0.55+0.95 0.009%*
RBC 3.40+0.8 3.81 4.39+0.54 4.27+0.71 3.65+0.98 423+0.44 4.47+1.32 0.18
HGB 8.45+0.91 7.9 11.73 £ 1.31 10.99 £2.04 10.74 +£2.23 11.28 +1.64 10.98 £2.01 0.96
HCT 2743 +£3.36 25 37.47 +4.85 3442+£5.67  32.47+6.56 35.67+4.47 35.30+5.56 0.39
MCV 82.15+9.50 65.6 85.50 + 8.54 81.50+6.03  90.83 +16.33 84.15+5.45 80.73 £ 8.96 0.007**
MCH 2538 +3.11 20.7 26.73+3.17 2591+£2.70  28.88+5.80 26.63 £2.59 25.10+3.88 0.01*
MCHC 30.88 £ 1.31 31.6 31.30 £ 1.17 31.73+£1.50  31.74+1.10 31.58+1.31 31.13+£1.65 0.08
RDWSD 47.18 +£10.02 434 48.43 £5.67 43.63+£6.28  50.70 +8.20 47.90 +7.71 45.71 £ 6.98 0.02%*
RDWCV 16.05+1.95 18.4 15.77+1.32 14.92+239 1590 +2.67 15.88+£3.73 15.84+£2.72 0.19
NRBC 0.07 +0.09 0.1 02402 0.01+0.03 0.02 £ 0.06 0.05 +0.05 0.03 +0.08 0.38
PLTs 362.3+£192.0 459 383.7+168.9 371441253 259.7+153.6 379.8 £ 112.5 383.4+139.1 0.06
PDW 8.90 +1.27 11.1 10.50 + 1.44 11.19+2.10 11.54 +2.51 10.50 £ 1.56 10.64 +£2.13 0.26
MPV 9.32+£0.85 10.1 10.23 +£0.68 10.03£0.99 1020+ 1.19 9.91+0.73 9.74 £1.29 0.38
PLCR 18.15+6.29 25.6 25.43 +£4.66 25.18+7.52  26.36+9.35 24.08 £ 6.29 23.05+8.32 0.28
PCT 0.32+0.14 0.46 0.39+0.16 0.36 £0.11 0.26 £0.15 0.37 +0.09 0.37+0.12 0.05
ESR 112.5+9.57 80 56.67+35.12  71.22+24.03 74.44+26.98 68.33 £24.01 66.73 +28.09 0.65

*p<0.05
** p<0.001
w3k p <0.0001

The agranulocytes link adaptive and innate immunity
involved in recognizing the antigen-presenting cells and invade
the bacterial cells found reduced, which is a characteristic of
bacterial infection. Neutrophils revive, activate, and prioritize the
recruitment of antigen-presenting cells that identify the pathogen in
inflammatory responses. These communicate the monocytes to the
site of injury through the cascades of chemotactic signals. In turn,
the monocytes mediate the innate and adaptive immunity through
antigen presentation to lymphocytes (Chertov et al., 1997). The
increase in monocyte count and reduced lymphocyte characterized
in TB patients indicates the progression of the infection (Serbina
et al., 2008). The present study observed a similarity with these
mononuclear leucocytes in male patients and in MDRPTB group.
Previous studies reported reduced monocyte count in diabetes
along with TB than TB alone (Gomez et al., 2013). Monocyte
count increased in MDRPTB subjects. The coinfection of TB and
HIV resulted in reduced neutrophil counts, monocytes by tubercle
bacilli, and depleted lymphocytes by HIV virus (Pathak et al.,
2010). The mainstream study showed reduced neutrophils, normal
lymphocytes, and monocytes in RVD with MDRPTB.

The presence of iron augments the growth of M.
tuberculosis observed in an in vitro study. The suppression of
bacterial growth in the presence of iron-limiting chelators in the
media emphasizes the need of iron in TB patients (Olakanmi

et al., 2002). The prevalent anemia was noticed in most patients;
however, the severity was identified in females with MDRPTB.
Most of the patients revealed normocytic normochromic
anemia, followed by microcytic hypochromic anemia (Beard,
2000), which is consistent with the present study. Microcytic
hypochromic anemia was prominent in female patients and in the
MDRPTB group in the current study. The evidence of the reduced
MCH represents iron deficiency anemia, red cell production, or
changes in inflammatory markers. The low iron content modulates
the potent immune responses favoring the advancement of TB
infection (de Mendonga et al., 2021). The reduced MCH values
were pronounced in female patients with MDRPTB and in the
group of MDRPTB patients. The improved anemic conditions
normalize the RDW and it correlates with ameliorated MCV.
Increased RDW relates to malabsorption and nutritional
deficiency. Impaired iron metabolism reduces the red cell life
span leading to the progression of infection (Berkowitz, 1991).
Anisocytosis of RBCs, increase in monocyte count, and existence
of NRBCs prompt complications in erythropoiesis (Buoro et al.,
2016). NRBCs are considered prematurely released red cells and
are rarely present in adults. Its presence signifies the existence
of anemic conditions, shortness of breath, and reduced clinical
improvement (Constantino and Cogionis, 2000). Anisocytosis in
red cells was well noticed in female patients with MDRPTB. The
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present study observed NRBC in a limited number of patients. The
reduced HGB, HCT, indices of red cells MCV, MCH, and MCHC,
and increased anisocytosis around microcytic cells (RDWCV) in
female patients in the MDRPTB group were manifested. Patients
with diabetes and TB reported an increase in HGB, ESR, and
reduced lymphocyte count compared with TB (Alisjahbana et al.,
2007). The comorbidities in TB infection demonstrated a reduced
level of RBC, HGB, HCT, and anisocytosis with an increase in
MCV, MCH, and MCHC levels.

The increase in PLT and its indices, PCT and PDW,
in TB relates to the severity of lung infection and inflammation
carried out in culture-positive patients (Sahin et al., 2012). The
inflammatory mediator interleukin-6 enhances the production
of PLTs as they involve in the strategies of the immune system
(Unsal, 2005). Male patients recorded increased PCT (Kartloglu
et al., 2001). The present study observed increased PLT counts
and PCT in MDRPTB patients in gender categorization and in
clinical conditions. The indices of PLT, PDW, MPV, and PLCR,
increased in female subjects and in subjects with a combination of
comorbidities than subjects with MDRPTB alone.

The ESR was elevated in female compared to male
patients diagnosed with TB (Sulochana et al., 2018). The other study
found an increased sedimentation of red cells in HIV and TB than in
HIV and nontuberculous mycobacterial infection (Cai et al., 2017).
Furthermore, the elevated ESR in male and in MDRPTB patients
with comorbidities was there upon recorded. There was no increase
in immune cells in patients with comorbid conditions of diabetes
with TB (Al-Attiyah and Mustafa, 2009). Some studies illustrated a
difference in the immune responses in allied clinical conditions with
TB (Al-Attiyah and Mustafa, 2009; Tsukaguchi et al., 1999). The
present study is similar to some previous studies.

CONCLUSION

Our study envisions differences in the hematological
parameters between male and female patients. Microcytic
hypochromic anemia, reduced HCT, presence of anisocytosis,
increased eosinophils, PLTs, and its indices suggest monitoring female
patients in specific. Medical issues in combination with MDRPTB
determine prominent changes in leucocytes, monocytes, MCV, MCH,
and anisocytosis. This study contributes the management of the
hematological abnormalities resulting from anti-TB drug treatment,
which should be addressed throughout the course of the therapy.
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