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Background: Tuberculosis (TB) is a serious worldwide health issue, particularly in developing nations like Ethiopia. Patients with 
tuberculosis experience a range of hematological, immunological, and biochemical alterations. The purpose of this study was to 
evaluate immunological, hematological, and biochemical alterations of newly diagnosed TB patients at Dessie comprehensive 
specialized hospital, Dessie, Ethiopia.
Methods: A comparative, cross-sectional study was carried out to evaluate the immuno-hematological and biochemical changes in 
patients with tuberculosis at Dessie comprehensive specialized hospital from January to July 2018. One hundred sixty-four (164) 
newly diagnosed TB patients, and 80 apparently healthy controls were included consecutively. The variables were expressed in 
frequency, percentage, and mean ± SD. To compare mean ± SD of the groups or within the groups, we used an independent sample 
t-test. Statistical significance was defined as a P value less than 0.05.
Results: Male TB patients had significantly high mean absolute WBC count, neutrophil count, lymphocyte, platelet count, and 
systemic immune-inflammation compared with male healthy controls (P=0.001, P=0.011 P=0.021, P=0.001, and P=0.018, respec-
tively). The mean platelet count of female TB patients was significantly higher than that of the female control group (P=0.015). 
However, mean RBC counts, Hgb, HCT, and MPV of TB patients were significantly lower than those of male (p<0.001) and female 
healthy controls (P=0.022, 0.015, and 0.001, respectively). The TB patients had developed anemia (23.8%), WBC abnormalities 
(29.3%), thrombocytosis (11.6%), and thrombocytopenia (9.8%). The cases had significantly higher mean alanine amino transferase, 
total bilirubin, and glucose level, but the mean total protein, alkaline phosphatase, and total cholesterol of cases were significantly 
lower than healthy control groups.
Conclusion: TB patients in this study showed significant alterations in a number of hematological and biochemical profiles. This 
indicates that hematological and biochemical profiles should be monitored and properly interpreted for the differential diagnosis of 
tuberculosis and evaluation of response to treatment.
Keywords: tuberculosis, pulmonary tuberculosis, immunological markers, hematological parameter, lipid profile, biochemical change

Introduction
Mycobacterium tuberculosis (Mtb) is the causative agent of an infectious disease Tuberculosis (TB). It mostly affects the 
lower respiratory system (pulmonary TB) and is characterized by a chronic productive cough, low-grade fever, night 
sweats, and weight loss, but can affect other sites as well, which is called extra pulmonary TB.1

TB continues to be a critical health issue globally. It affects millions of people annually and is one of the top causes of 
mortality along with human immunodeficiency virus (HIV). In 2021, about 10.6 million new TB cases emerged, and 
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1.6 million lives were lost. With an estimated TB incidence rate of 126 per 100,000 people per year, Ethiopia stands as 
the world’s 10th most TB-affected nations.2

Mtb primarily invades macrophages, key players in immunity, creating a conducive environment for itself. The host’s 
defense against Mtb relies significantly on T cell-driven responses. Various CD4 T cell types, including Th1, Th2, Th17, 
and regulatory T cells (Tregs), work together or interfere one another to manage the disease.3,4

The protective role of the Mtb specific CD4 Th1 cell response is underscored by its capacity to produce cytokines, 
notably interferon gamma (IFN-γ) and tumor necrosis factor alpha (TNF-α). These cytokines are crucial for attracting and 
activating innate immune cells, including monocytes, macrophages, and granulocytes. Individuals with deficiencies in 
IFN-γ and interleukin-12 (IL-12; which promotes TH1 cell differentiation) were highly vulnerable to tuberculosis. 
Additionally, the link between reduced CD4 T cell numbers and increased tuberculosis risk in HIV-positive individuals 
highlights the role of these cells in defense. Tuberculosis can also result in reduced CD4 and CD8 lymphocyte levels in 
patients who are not HIV-positive.3–5

Normally, the CD8+ T cell reaction to Mtb is not as strong as that of CD4+ T cells. Nevertheless, CD8+ T cells have 
the ability to influence the function of phagocytes and release substances like granulysin, which can kill mycobacteria. 
Moreover, cytokines beyond IFN, such as TNF, play a pivotal role in forming granulomas, structured clusters of immune 
cells that control the pathogen.4

Cholesterol may play a significant role in the cellular immune response. A diet high in cholesterol can increase the 
sterilization of sputum culture in those suffering from pulmonary tuberculosis (PTB), while insufficient cholesterol levels 
could negatively impact the function of lymphocytes and macrophages, potentially worsening tuberculosis. Moreover, 
reduced total cholesterol, HDL, and LDL levels have been observed in individuals with PTB. The degree of smear 
positivity in PTB patients also exhibits a notable link with serum lipid levels, highlighting its utility in evaluating lipid 
dyslipidemia in these patients.6–8

Tuberculosis primarily targets the lungs but can also severely impact the hematopoietic system. It causes a range of 
hematological abnormalities such as elevated ESR, anemia, and increased lymphocytes and platelet counts.9,10

Studies have evidenced a significant association between the presence of acid-fast bacilli in sputum and the 
occurrence of hematological and biochemical alterations in patients with TB. A deeper comprehension of the immune 
response to mycobacterial infections has provided insight on the association with blood irregularities. Indicators such as 
immunological markers, hematological abnormalities, and biochemical alterations may aid physicians in the diagnosis of 
TB.8,11 However, there is a scarcity of information regarding these indicators in TB patients in our country Ethiopia. To 
address this gap, this study was conducted to investigate the immunological, hematological, and biochemical alterations 
of newly diagnosed patients with tuberculosis at Dessie comprehensive specialized hospital in Dessie, Ethiopia.

Methods and Materials
Study Design, Setting, and Population
A comparative, cross-sectional study was carried out to evaluate the immuno-hematological and biochemical alterations 
between patients with tuberculosis and healthy controls at Dessie comprehensive specialized hospital from January to 
July 2018. The hospital is located in Dessie town, South Wollo zone of Amhara Regional State, in north-eastern Ethiopia. 
It is 401 km far from Addis Ababa, the capital city. It serves as a referral hospital for people living in Wollo zones and 
neighbouring regions.

One hundred and sixty-four newly diagnosed TB patients and 80 apparently healthy controls were included in the 
study consecutively. The sample size was calculated by taking the following considerations: Power = 80%, Confidence 
interval = 95%, Ratio = 2:1, Mean ± SD of White blood cells (WBC) for case = 8.48 ± 3.09, and Mean± SD of White 
blood cells for control = 6.75 ± 1.83. The Mean ± SD of WBCs is taken from a study conducted in Jimma.12

Individuals on anti-TB therapy, younger than 18 years, pregnant women, HIV-positive persons, and those with 
a chronic illness history, such as hepatitis, diabetes, or renal disease, were not included in the research.
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Data Collection Procedure
Trained clinical nurses gathered socio-demographic and clinical data from the study participants through a pretested 
questionnaire and reviewing medical records.

To perform the complete blood count (CBC), CD4 count determination, and clinical chemistry analysis, about six 
milliliters of venous blood specimen was collected from each participant (both TB patients and apparently healthy 
controls) into a di potassium EDTA anticoagulant tube and plain tube, 3 mL each. Sysmex KX-21N automated 
hematological analyzer (Sysmex corporation Kobe, Japan) was utilized to determine complete blood counts. CD4 
T cell count of the study participants was determined using BD FACS count analyzer (Becton Dickinson and 
Company, California, USA), and Dirui CS T240 auto-analyzer (Dirui Industrial Company) was used to perform 
biochemical analysis.

To produce quality laboratory results, all manufacturer instructions and standard operating procedures were closely 
adhered to in every test procedure. To ensure the instruments’ precision and the results’ accuracy, quality control 
substances were tested alongside the patient specimens, and reagent expiration dates were verified.

According to the World Health Organization guidelines, anemia was identified by hemoglobin (Hgb) levels: less than 
13 g/dl for males aged 15 and older and less than 12 g/dl for non-pregnant women. Anemia is categorized as mild, 
moderate, and severe depending on its severity. Mild anemia is defined as having Hgb concentrations ranging from 11.0 
to 12.9 g/dl for men and from 11.0 to 11.9 g/dl for non-pregnant women. Moderate anemia is defined as hemoglobin level 
between 8.0 and 10.9 g/dl and severe anemia diagnosed when Hgb fell below 8.0 g/dl for both sexes.13

Total WBC > 10.6 × 103/μL and WBC < 3.6 × 103/μL were used to define leukocytosis and leukopenia, respectively. 
On the other hand, total platelet count > 450 × 103/μL and platelet count < 150 × 103/μL were used to define 
thrombocytosis and thrombocytopenia, respectively.14

The absolute counts of neutrophils, lymphocytes, monocytes, and platelets were used to calculate neutrophil-to- 
lymphocyte (NLR), platelet-to-lymphocyte (PLR), monocyte-to-lymphocyte (MLR) ratios and systemic immune- 
inflammation index (SII) using the following equations: NLR = Neutrophils/Lymphocytes, MLR = Monocytes/ 
Lymphocytes, PLR = Platelets/Lymphocytes, and SII = Platelets × Neutrophils/Lymphocytes.

Data Analysis
Data from the laboratory investigation and questionnaire were entered in to “EpiInfo version 3.1” and then exported to 
the statistical analysis program SPSS version 20.0 (Statistical Package for the Social Science). The Kolmogorov– 
Smirnov and Shapiro–Wilk tests were performed to check the normality distribution of continuous variables. 
Percentages and frequencies were used to report categorical variables, and mean ± standard deviation (SD) was used 
to express continuous variables. To compare mean ± SD of the groups or within the groups, we used Student’s t-test 
(independent sample t-test). Statistical significance was defined as a P value less than 0.05.

Ethical Consideration
Ethical Review Board of College of Medicine and Health Science, Wollo University approved the study. The study was 
conducted according to the principles stated in the Declaration of Helsinki. All the study subjects (cases and controls) 
were 18 years and above and briefed about the study’s objective and included after obtaining written consent. 
Participants’ data was coded to maintain confidentiality, and attending doctors were informed of any unusual findings.

Result
Socio-Demographic Characteristics of the Study Participants
In this study, 80 healthy controls and 164 newly diagnosed TB patients were included. There were 93 (56.7%) males and 
71 (43.3%) females among the cases, and 43 (53.8%) males and 37 (46.2%) females among the health controls. The sex 
distribution between TB patients and healthy controls did not differ statistically significantly (p=0.765). Majority of the 
TB patients were aged between 25 and 34 years 57 (34.8%), had no formal education 70 (42.7), were married 117 
(71.3%), and had pulmonary type of tuberculosis 139 (84.8%) (Table 1).

Journal of Blood Medicine 2024:15                                                                                                 https://doi.org/10.2147/JBM.S445857                                                                                                                                                                                                                       

DovePress                                                                                                                         
149

Dovepress                                                                                                                                                     Gebreweld et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Immuno-Hematological Characteristics Between Healthy Controls and Newly 
Diagnosed Tuberculosis Patients
Although the average CD4 count of patients with pulmonary TB (565.04 ± 325.49) was lower than that with extra TB 
(672.88 ± 292.73), the difference was not statistically significant (P=0.124).

Male TB patients had significantly increased average absolute WBC count (7.79 ±3.71 × 103 cells/µL), neutrophil 
count (4.08 ± 2.74 × 103 cells/µL), lymphocyte (2.83 ±1.90 × 103 cells/µL), platelet count (320.66 ±156.58 × 103 cells/ 
µL), and systemic immune-inflammation (SII) (702.85 ± 1382.55) compared with male healthy control’s mean absolute 
WBC count (6.05 ± 1.99 × 103 cells/µL; P=0.001), neutrophil count (3.08 ±1.74 × 103 cells/µL; P=0.011), lymphocyte 
count (2.31 ± 0.65 × 103 cells/µL; P=0.021), platelet count (236.21 ± 59.73 × 103 cells/µL; P=0.001), and systemic 
immune-inflammation (SII) (345.49 ± 251.40, P=0.018). Compared with female healthy controls, female TB patients had 
elevated average absolute WBC count, neutrophil count, lymphocyte count, and SII, but the difference was not 
statistically significant (P=0.139, 0.673, 0.092, and 0.748 respectively). The average platelet count of female TB patients 
was significantly higher than the female control group (P=0.015) (Table 2).

Mean RBC counts, Hgb, and HCT of TB patients were significantly lower than those male (p<0.001) and female 
healthy controls (P=0.022, 0.015, and 0.001 respectively). Red cell distribution width (RDW) was significantly higher in 
female TB patients than female controls (p<0.001). Mean platelet volume (MPV) was significantly decreased in patients 
with tuberculosis compared to controls (p=0.001) (Table 2).

Hematological Abnormalities of TB Patients
Of the TB patients, about 23.8% (39) had anemia. Mild, moderate, and severe anemia were present in 79.5%, 17.94%, 
and 2.56% of the anemic patients, respectively. Normocytic anemia 20 (51.3%) was the most prevalent type of anemia, 
followed by microcytic anemia 18 (46.2%). The prevalence of anemia was higher in pulmonary TB patients 24.5% (34) 
than extra pulmonary TB patients 20.0% (5) (Table 3).

WBC abnormalities were present in 29.3% (48) TB patients: 19.5% (32) of the TB patients had leukocytosis and 
9.8% (16) had leukopenia. Neutrophilia, neutropenia, lymphocytosis, lymphocytopenia, monocytosis, and 

Table 1 Distribution of Age, Sex, Educational Status, Marital Status, 
Tuberculosis Type, and HIV Status of Newly Diagnosed TB Patients 
at Dessie Referral Hospital, Dessie, Ethiopia (n=164)

Variable Category Frequency (n) Percent (%)

Age in years 15–24 19 11.6
25–34 57 34.8

35–44 51 31.1

45–54 24 14.6
≥55 13 7.9

Sex Male 93 56.7
Female 71 43.3

Educational Status No education 70 42.7
Primary 33 20.1

Secondary 46 28.0
Tertiary 15 9.1

Marital status Single 33 20.1
Married 117 71.3

Divorced 14 8.5

Tuberculosis type Pulmonary 139 84.8

Extra 25 15.2
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Table 2 Comparison of Average Values of Hematological Parameters in Healthy Controls and Newly Diagnosed 
TB Patients

Hematological  
Parameters

Male Female

TB Patient  
Mean ± SD

HC Mean  
±SD

P-value TB Patient  
Mean ±SD

HC Mean  
±SD

P-value

WBC × 103 cells/µL 7.79 ±3.71 6.05±1.99 0.001 8.21 ± 5.41 6.80 ± 2.60 0.139

Neu × 103 cells/µL 4.08 ± 2.74 3.08 ±1.74 0.011 4.12 ± 2.84 3.89 ± 2.46 673

Lym × 103 cells/µL 2.83 ±1.90 2.31 ±0.65 0.021 3.19 ± 4.16 2.33 ± 0.77 0.092
Mon × 103 cells/µL 0.66 ±1.00 0.51 ±.28 0.333 0.69 ± 0.66 0.47 ± 0.20 0.012

Eos × 103 cells/µL 0.17 ±.54 0.12 ±.14 0.522 0.13 ± 0.14 0.08 ± 0.08 0.053

Baso × 103 cells/µL 0.04 ±.05 0.03 ±.02 0.048 0.07 ± 0.14 0.03 ±.02 0.020
RBC× 106cells/µL 4.75 ±.68 5.51 ±.62 0.000 4.56 ±.75 4.83 ± 0.457 0.022

Hgb g/dl 14.19 ± 2.59 15.55 ±1.47 0.000 13.36 ±1.79 14.09 ± 1.23 0.015

HCT % 40.99 ± 6.42 47.84 ±4.95 0.000 38.65 ± 5.23 42.19 ± 4.45 0.001
MCV fl 86.24 ± 11.47 85.34 ±10.20 0.661 84.33 ± 9.38 87.64 ± 4.70 0.016

MCH Pg 30.28 ±4.81 28.25 ±1.71 0.000 29.62 ± 4.18 30.35 ± 3.84 0.590

MCHC g/dl 35.43 ± 3.85 32.48 ±1.09 0.000 34.93 ± 2.23 32.70 ± 0.69 0.000
PLT × 103 cells/µL 320.66 ±156.58 236.21 ±59.73 0.001 311.47± 124.22 266.78 ± 63.31 0.015

RDW SD 43.57 ± 3.50 44.48 ±3.15 0.133 43.06 ± 4.10 43.13±2.99 0.925

RDW CV 12.99 ±.81 13.03 ±1.63 0.831 13.19 ± 0.99 12.69 ± 0.43 0.000
PDW 15.73 ± 2.61 16.45 ± 2.15 0.121 15.91 ± 2.76 16.04 ± 2.02 0.808

MPV 9.43 ±1.27 10.20 ±1.08 0.001 9.38 ± 1.31 10.03 ± 0.98 0.010

NLR 2.08 ± 2.99 1.45 ± 0.98 0.181 2.04 ± 2.21 2.06 ±2.98 0.966
PLR 178.41 ± 408.45 109.42 ± 41.83 0.272 133.69 ± 73.81 125.34 ± 49.24 0.537

MLR 0.248 ± 0.25 0.23 ± 0.13 0.675 0.28 ±0.22 0.23 ± 0.14 0.234

SII 702.85 ± 1382.55 345.49 ± 251.40 0.018 571.22 ± 660.52 527.05 ± 707.23 0.748

Abbreviations: HC, Health control; Neu, Neutrophil; Lym, Lymphocyte; Mon, Monocyte; Eos, Eosinophils; Baso, Basophile; NLR, Neutrophil 
lymphocyte ratio; PLR, Platelet lymphocyte ratio; MLR, Monocyte lymphocyte ratio; SII, systemic immune-inflammation.

Table 3 Hematological Abnormalities of TB Patients

Hematological Parameters Category Frequency (%)

Hemoglobin Anemic 39 (23.8)
Non-anemic 125 (76.2)

Anemia severity (n=39) Mild 31 (79.50)
Moderate 7 (17.94)

Severe 1 (2.56)

Mean red blood cell volume Macrocytic 12 (7.3)
Normocytic 117 (71.3)
Microcytic 35 (21.3)

Platelet count Thrombocytosis 19 (11.6)
Normal thrombocyte 129 (78.7)

Thrombocytopenia 16 (9.8)

Mean platelet volume Macrothrombocytes 4 (2.4)
Normal 158 (96.3)
Microthrombocytes 2 (1.2)

White blood cell Count Leukocytosis 32 (19.5)
Normal 116 (70.7)

Leukopenia 16 (9.8)

(Continued)
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monocytopenia were present in 12.2% (20), 15.2% (25), 23.2% (38), 3 0.0% (5), 7.9% (13), and 14.0% (23) of the 
patients, respectively (Table 3).

The prevalence of thrombocytosis and thrombocytopenia among the TB patients were 11.6% (19) and 9.8% (16), 
respectively (Table 3).

Biochemical Parameters
TB patients had significantly high mean Alanine amino transferase (30.70 ± 29.17), total bilirubin (0.839 ± 1.10), and 
glucose level (119.14 ±59.91) compared with healthy control’s mean Alanine amino transferase (24.91 ± 10.77, 
P=0.026), total bilirubin (0.538 ±.39, P=0.010), and glucose level (101.35 ± 52.35, P=0.039). However, the mean total 
protein (6.37 ± 1.26), Alkaline phosphatase (166.23 ±118.49), and total cholesterol (159.56 ±45.43) of TB patients were 
significantly lower than healthy control’s mean total protein (7.36 ±.61, P<0.001), Alkaline phosphatase (215.34 ± 
101.35; P=0.002), and total cholesterol (192.95 ± 61.996; P=0.002) (Table 4).

Discussion
Tuberculosis remains a significant global infectious disease and a primary health concern in Ethiopia. It causes a range of 
hematological, immunological, and biochemical alterations.2,8,11 The objective of the study presented here was to 
investigate these changes in newly diagnosed tuberculosis patients at Dessie comprehensive specialized hospital in 
Dessie, Ethiopia.

Table 3 (Continued). 

Hematological Parameters Category Frequency (%)

Neutrophil count Neutrophilia 20 (12.2)
Normal 119 (72.6)

Neutropenia 25 (15.2)

Lymphocyte count Lymphocytosis 38 (23.2)
Normal 121 (73.8)

Lymphocytopenia 5 (3.0)

Monocyte Monocytosis 13 (7.9)

Normal 128 (78.0)
Monocytopenia 23 (14.0)

Table 4 Comparison of Mean Values of Biochemical Parameters in the Newly 
Diagnosed TB Patients versus Healthy Control

TB Patient  
Mean ± SD

HC Mean  
±SD

P-value

Alanine amino transferase (IU/L) 30.70 ± 29.17 24.91 ± 10.77 0.026

Aspartate amino transferase (IU/L) 39.48 ± 46.4 36.93 ±17.98 0.636
Total protein 6.37 ± 1.26 7.36 ±.61 0.000

Total bilirubin (mg/dL) 0.839 ± 1.10 0.538 ±.39 0.010

Alkaline phosphatase (IU/L) 166.23 ±118.49 215.34 ± 101.35 0.002
Blood urea nitrogen (mg/dL) 12.04 ±7.27 11.57 ± 3.62 0.525

Creatinine (mg/dL) 0.85 ± 0.60 0.86 ±.17 0.845

UREA 25.71 ± 14.62 24.36 ±7.64 0.356
Glucose (mg/dL) 119.14 ±59.91 101.35 ± 52.35 0.039

Triglycerides 133.93 ± 66.01 127.38 ±82.91 0.665

Total cholesterol 159.56 ±45.43 192.95 ± 61.996 0.002

Abbreviation: HC, Health control.
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This study showed that Male with tuberculosis exhibited significantly elevated average levels of white blood cells, 
neutrophils, and lymphocytes in comparison to healthy male subjects. This result aligns with previous research from 
South Eastern Nigeria,15 Saudi Arabia,16 and Pakistan.12 The immune system reaction to tuberculosis may be the cause 
of the rise in WBC count, neutrophil count, and lymphocyte count in TB patients. Neutrophilia is a sign of repeated 
continuous inflammatory reaction and this frequently transforms into lymphocytosis when the inflammatory response 
becomes chronic. However, our finding contradicts with another study in Kirkuk city.17

The average number of platelets in both male and female patients with tuberculosis was significantly elevated 
compared to the control group, and this is consistent with studies conducted in Iraq,18 Kirkuk city,17 Sudan,19 South 
Eastern Nigeria,15 Guyana,20 and Jimma University.12 These findings could be explained by reactive thrombocytosis, 
which can occur in a variety of clinical conditions including infections like pulmonary TB. Platelets, as key players in 
inflammation and immune responses, release pro-inflammatory cytokines such as IL-6 and TNF, which promote the 
synthesis of acute-phase proteins and thrombocytosis.21,22

The present study indicated that average RBC counts, Hgb level, and HCT of TB patients were considerably lower 
than the healthy controls group, for both sex. This agrees with Al-muhammadi et al,18 Amilo et al,15 Al-Omar et al,16 and 
Jimma.12 Reduced red blood cell life span, impaired marrow response, or poor iron transport from macrophages to the 
plasma in iron cycle metabolism, and chronic inflammatory disorder could be the cause of the decline in RBC number, 
Hgb, and HCT in TB patients.23

In this study, anemia had developed in around 23.8% (39) of the TB patients. It was more common in patient with pulmonary 
TB (24.5%) than in extra pulmonary TB (20.0%). There was mild-type anemia in the majority of the anemic patients. This 
finding is in line with a research done at St. Paul’s Hospital Millennium Medical College (25%).24 However, the prevalence of 
anemia is lower than other studies conducted in Jimma (37%),12 Gondar (46%),25 and India (77.3%).26 Study participants’ 
dietary habits, malabsorption syndrome, and the disease stage at diagnosis could be the contributing factors to the observed 
disparities. The most common type of anemia was normocytic anemia 20 (51.3%) followed by microcytic anemia 18 (46.2%) 
which is similar with studies conducted in Jimma University Specialized Hospital12 and Seoul National University Hospital.27

The mean total cholesterol of the TB patients in this study was considerably lower than that of the healthy controls 
group. Reports from Casimir et al,28 Taparia et al,8 and Șahin and Yildiz29 showed similar outcomes. A low cholesterol 
level makes one more vulnerable to different diseases like TB. A diet high in cholesterol has been found to hasten the 
process of bacteriologic sterilization in tuberculosis patients.6,30 Total proteins were also significantly lower in patients 
with TB than in the healthy control group, which is similar to studies conducted by Șahin and Yildiz29 and Modawe 
et al,31 but the difference was not significant.

The mean Alanine amino transferase was significantly higher in TB patients than in the healthy control group, and 
this is consistent with the research done in Guyana.20 However, the finding contradicted with the finding of Modawe et al 
on Biochemical Parameters in Relation to Tuberculosis in Sudanese Patients, which showed significantly lower alanine 
amino transferase in TB patients.31

The current study showed that TB patients had significantly higher glucose level than the control group, which is in 
line with the findings of a study by Bailey and Grant.32 However, Kurup et al stated that blood sugar level did not show 
any variation between TB patients and the healthy control group.20

In conclusion, patients with tuberculosis had significantly higher mean absolute count of WBC, neutrophils, 
lymphocytes, and platelets compared to healthy controls. However, mean RBC counts, Hgb, HCT, and MPV of TB 
patients were significantly lower compared to healthy controls. TB patients had significantly higher mean Alanine 
amino transferase, total bilirubin, and glucose levels, but the mean total protein, alkaline phosphatase, and total 
cholesterol of TB patients were significantly lower than healthy control groups. TB has a significant impact on 
hematological and biochemical profiles. Therefore, the patients infected with TB should have their hematological 
and biochemical parameters monitored and properly interpreted for the differential diagnosis of tuberculosis and 
evaluation of response to treatment. Additionally, more studies should be conducted on TB and its effect on 
biochemical and hematological values in humans in the study area or other areas in the country.
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