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Abstract 

Background: There are many diseases that affect the lower respiratory tract, including 

bacterial and viral. People infected with the Coronavirus and tuberculosis bacteria were 

studied to determine the effect of lower respiratory tract infection on their levels of 

hormones and oxidative factors. 

Materials and Methods: The study was conducted at Al-Shirqat General Hospital in 

Saladin Governorate during the period between June 2022 and January 2023. 150 adult 

men’s samples were taken and divided into 50 for each of the three groups: healthy 

people, those infected with the Coronavirus, and those infected with tuberculosis 

bacteria. The above samples were collected after obtaining the necessary information 

and government licensing, and the amount of isoprostane, NO, bradykinin, ACE2, 

histamine, and cortisol were measured. 

Results: The results showed that isoprostane levels were significantly lower in the 

experimental group compared to the control group (P≤0.05). The results showed a 

significant increase in the level of the rest of the variables and indicators studied in the 

viral and bacterial infection groups. In general, the severity varied according to the type 

of pathogen, as bacterial infection led to a greater increase than viral infection in the 

levels of cortisol, bradykinin, ACE2, and NO, at a significant level (P≤0.05), while 

viral infection led to a greater increase in the level of histamine. 

Conclusions: This research demonstrates that bacterial and viral infections elicit 

distinct hormonal and oxidative responses, with significant differences in the 

magnitude and persistence of these responses depending on the pathogen. 
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Introduction 

The respiratory system is a major link between the internal environment and the external environment, 

and the huge volume of air with all its microbes and other substances flows inside it, and despite having 

mechanisms to protect against them and secreting mucus, yet it is vulnerable to infection with these 

pathogens, as both bacterial and viral infections are among the The biggest pathogens of the respiratory 

system [1]. 

Tuberculosis (TB) is a chronic bacterial disease caused by Mycobacterium tuberculosis (MTB) that 

most commonly affects the lungs (pulmonary tuberculosis (PTB) but can affect other sites as well 

(extrapulmonary tuberculosis (EPTB) as suggested by [2]. 

The entry route for Mtb the lung through the respiratory system, where they engage immune response 

modulating pathways and ultimately affect the pulmonary milieu. When foreign particles or microbes 

enter the body, alveolar epithelial cells (AECs) are the first to respond. Adaptive immunological 

responses are prompted by AECs, which also act as a physical barrier [3,4]. 

In December 2019, in Wuhan, China, cases of pneumonia of unknown cause were reported. Then the 

causative agent of this pneumonia was identified as a new coronavirus. The disease has been named 

Coronavirus Disease 2019 (COVID-19) by the World Health Organization [5]. 

Entry into host cells is the first step of viral infection. An elevated glycoprotein on the viral envelope 

of coronavirus can bind to specific receptors on the membrane of host cells. Previous studies have shown 

that ACE-2 is a functional receptor specific to SARS-CoV [6] and that contact of the virus with host cells 

stimulates the response of the host immune system to viral infection by mediating inflammation and 

cellular antiviral activity is critical to prevent virus replication and dissemination. However, excessive 

immune responses combined with direct effects of the virus on host cells will lead to pathogenesis [7]. 

COVID-19 patients suffer from inflammatory damage as it was found in the blood serum of diagnosed 

patients. With SARS, there are increased levels of proinflammatory cytokines and inflammatory proteins, 

which are associated with severe pneumonia and lung damage [8]. 

 

Methodology 

This study began at the beginning of June 2022 until the beginning of January 2023. Blood samples 

were collected from a total of 150 samples, and 50 of them were from individuals infected with 

Coronavirus, 50 samples were infected with tuberculosis, and 50 samples were from healthy people 



Page 142 of 15 
Iman Saad Namis/ Afr.J.Bio.Sc. 6(4) (2024) 140-154 

142 

(control group). Samples from Shirqat General Hospital / Salah El-Din Governorate, after diagnosing 

injuries in the aforementioned hospital. 

 

Collect blood and obtain serum 

About 5 ml of venous blood was withdrawn from the subjects and placed in tubes free of EDTA 

anticoagulant, and then the serum was separated using a centrifuge at 3000 rpm for 10 minutes, after 

separating it using a micropipette, a quantity of serum was isolated before freezing. To conduct an 

analysis (cortisol), and the rest was placed in Eppendorf tubes to be frozen at -20 degrees. For subsequent 

tests 

These tests included measurement 

1- The concentration of each of (ACE2, Bradykinin, Histamine, Isoprostane) was estimated using the 

sandwich system technique - ELISA. Using the analysis kit (Kit) produced by the Chinese 

company Fine Test, according to the steps attached to it. 

2- The concentration of NO was determined using the sandwich system technique - ELISA. Using 

the analysis kit (Kit) produced by the Chinese company Sunlong, according to the steps attached to 

it. 

3- Measuring the search variables (cortisol hormone), where the concentration was estimated using 

the (cobas e411) device, in order to detect the increase of the hormone in the blood serum 

according to. The examination kit is made by an American business (Roche), and it has illustrated 

instructions. 

 

The results were subjected to statistical analysis to find out the significant differences between the 

studied treatments. The significant differences were determined at the level of probability (P≤0.05) using 

the One Way Analysis of Variance (ANOVA) by adopting the SPSS program version 017 for the year 

(2002). 

Results 

1- Estimation of isoprostane level in blood serum 

The results of the current study (Figure 1) showed a significant decrease in the level of Isoprostane in 

the group infected with COVID-19 (329.333±45.154 Pg/ml) and the group infected with TB 

(369.03±46.607 Pg/ml) compared to the control group (592.667±44.077 Pg/ml). at a significance level of 

P≤0.05.  and the decrease was more severe in the COVID group (329.333±45.154 Pg/ml) compared to TB 

(369.03±46.607 Pg/ml) 
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2- Estimation of the level of nitric oxidase in blood serum 

The results of the current study (Figure 2) showed that there was a significant increase in the level of 

nitric oxide in the group infected with COVID-19 (280.651±30.527 Pg/ml) and the group infected with 

TB (299.287±24.130 Pg/ml) compared to the control group (197.303±28.147 Pg/ml). as well as a 

significant increase in the TB group (299.287±24.130 Pg/ml) compared to COVID-19 (280.651±30.527 

Pg/ml) at a significance level of P≤0.05. 

3- Estimation of bradykinin level in blood serum. 

    The results of the current study (Figure 3) showed that there was a significant increase in the level 

of Bradykinin in the group infected with COVID-19 (515.333±29.194 Pg/ml) and the group infected with 

TB (536.778±5.474 Pg/ml) compared to the control group (487.333±18.727 Pg/ml). as well as a 

significant increase in the TB group (536.778±5.474 Pg/ml) compared to COVID (515.333±29.194 

Pg/ml) at a significance level of P≤0.05. 

4- Estimation of ACE2 level in blood serum 

The results of the current study (Figure 4) showed that there was a significant increase in the level of 

ACE-2 in the group infected with COVID-19 (182.791±8.926 ng/ml) and the group infected with TB 

(248.294±14.969 ng/ml) compared to the control group (168.32± 10.363 ng/ml) and there was also a 

significant increase in the TB group (248.294±14.969 ng/ml) compared to COVID-19 (182.791±8.926 

ng/ml) at a significance level of P≤0.05. 

5- Estimating the level of cortisol in blood serum 

The results of the current study (Figure 5) showed that there was a significant increase in the level of 

cortisol in the group infected with COVID-19 (262.557±24.378 ng/ml) and the group infected with TB 

(282.236±22.98 ng/ml) compared to the control group (205.754±25.277 ng/ml). and there was a 

significant increase in the TB group (282.236±22.98 ng/ml) compared to COVID-19 (262.557±24.378 

ng/ml) at a significance level of P≤0.05. 

6- Estimating the level of histamine in blood serum 

It was observed from the results of the current study (Figure 4-11) that there was a significant increase 

in the level of histamine in the group infected with COVID-19 (11.63±1.273 ng/ml) and the group 

infected with TB (7.53±1.199 ng/ml) compared to the control group ( 4.658±1.825 ng/ml) and there was 

also a significant increase in the COVID-19 group (11.63±1.273 ng/ml) compared to TB (7.53±1.199 

ng/ml) at a significance level of P≤0.05. 

Discussion 

1- isoprostane 
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From the current study, it was shown in Figure (1) that the concentration of 8-isoprostane decreased in 

both patients infected with Corona virus and patients with pulmonary tuberculosis, compared to healthy 

people (the control group). 

Oxidative stress is a characteristic of pathological infection (bacterial and viral), and this was 

confirmed by research [9, 10]. Where the researcher Roca [11] demonstrated the role of increased 

inflammatory cytokines in, including tnf and its role in the production of ROS from infected macrophage 

cells. Thus, increased TNF may be a cause of damage to the pulmonary cell membranes and thus an 

increase in isoprostane (a result of oxidation of membrane lipids). 

Studies confirmed Soto and Guzmán-Beltrán [12, 13] Increased isoprostane in the lungs of patients 

with Corona virus and those infected with tuberculosis bacteria after measuring by an exhaled air 

concentrator (EBC) by levels up to several times, while Guzmán-Beltrán [13] did not notice any increase 

in The level of isoprostane in the sera of patients. He attributed this to the fact that 8-isoprostane is a local 

oxidative marker that reflects the altered oxidative environment in the airways of TB patients, 

contributing to progressive lung disease. This may partially explain the lack of high concentration in 

serum. As for its decrease in serum, as shown by the study, it may be attributed to the speed of leaching of 

the compound through the kidneys, as mentioned by the researcher Feillet-Coudray [14] when measuring 

isoprostan resulting from stress for diabetic patients, as the level of the compound decreased in Serum and 

urine, where he noticed an increase in isoprostane in the urine and a decrease in the serum compared to 

the healthy group, explaining that it is a result of increased elimination of this metabolite and thus an 

increase in its excretion in the urine. 

2- nitric oxide 

From the current study, it was shown in Figure (2) that the concentration of NO increased in both 

patients infected with Corona virus and patients with pulmonary tuberculosis, compared to healthy people 

(control group). This increase was consistent with the results of many studies [15,16]. 

The researcher attributed [16] that the attachment of the pathogen to the membrane receptor ACE2 in 

endothelial cells, which led to the stimulation of (NO) one of the types of ROS by stimulating (NOX2) the 

enzyme that stimulates the production of NO. 

Also, the increase in bradykinin, as shown in Figure (3), may lead to the activation of its receptors, 

Specifically, B1R and B2R through their individual ties. While B1R interacts with the nitric oxide 

synthase, B2R forms complexes with endothelial nitric oxide synthase (eNOS, NOS3). inducing cytokine 

(iNOS, NOS2). leading to increased NO formation [17]. Also, the increase in Ang2 resulting from the 

pathogen's association with ACE2 is one of the catalysts for the generation of NO [18]. There are also 
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many factors that affect the formation of NO, and it is believed that the high concentration of CRP has a 

role in stimulating its formation [19]. TNFα may exert its effects by activating a number of secondary 

proteins that elicit a variety of responses within the cell such as activation of gene transcription and/or 

production of reactive oxygen or nitrogen radicals such as  ( NO). [20]. 

3- Bradkinin 

From the current study, Figure (3) shows an increase in the concentration of bradykinin in both 

patients infected with Corona virus and patients with pulmonary tuberculosis, compared to healthy people 

(the control group). This increase was consistent with the results of several studies. [21,22]. 

It is known that the enzymatic receptor ACE2 is one of the receptors for pathogens [23]. As the 

pathogen connects to ACE2 on the surface of cells, inhibiting ACE2 activity and preventing bradykinin 

and desmopressin inactivation des-Arg9-bradykinin [22]. Exposure to bacterial pathogens can release 

bradykinin (BK) and its metabolite Bradkinin -des 9Arg- (DABK) to induce inflammation and innate 

immune responses [24]. Research on gene expression in COVID-19 patients' bronchoalveolar lavage 

(BAL) specimens revealed an increase in bradykinin production due to an overexpression of kallikreins 

and kininogens [25]. 

And since the cytokine storm is the most important manifestation of infection with pathogens, as 

mentioned by [26, 27], which includes an increase in inflammatory cytokine production, it may be due to 

elevated levels of inflammatory molecules (IL-6, TNF, IL-1, etc.) a role in the increase of bradykinin as 

activation of endothelial cells by IL-1 or TNF can lead to the release of Prolycarboxypeptidase and Hsp 

90 (heat shock protein 90) both convert from PK to Kallikrein which assists in the conversion of HK to 

bradykinin [28]. Overexpression of IL-6 also indirectly downregulates SERPINA12 (serine protease 

inhibitors) which is a bradykinin inhibitor by inhibiting Kallikreins, serine proteases [29]. 

In addition, the increase in Ang2 resulting from the lack of regulation of ACE2 may lead to the lack of 

regulation of ACE, which is responsible for the degradation of bradykinin, and thus an increase in 

bradykinin [30]. Aminopeptidase can no longer serve as a catalyst for the breakdown of bradykinin 

because of its elevated levels. 

4- ACE2 

From the current study, it was shown in Figure (4) that the concentration of ACE2 increased in both 

patients infected with Corona virus and patients with pulmonary tuberculosis, compared to healthy people 

(control group). 

ACE2 is a transmembrane protein that functions as a receptor for the pathogen in the host cell. In 

individuals with a respiratory tract infection, ACE2 receptors are overexpressed in the lungs and in 
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vascular endothelial cells [25, 31]. Toll-like receptor 4 (CRS) activation and pathogen interaction with 

angiotensin-converting enzyme 2 (ACE2) are both triggered by the pro-inflammatory cytokine tumour 

necrosis factor-alpha (TNF-α) [32]. 

As can be seen in Figure (4), we assessed sACE2 in plasma, and the findings suggest that Adam17 

enzyme, also known as tumour necrosis factor-transforming enzyme (TACE) and transmembrane serine 

protease 2, may play a role in the observed rise of this enzyme. Downregulation of the membrane-bound 

ACE2 outer domain is mediated by ADAM17 upon binding to the pathogen, and Ang II overproduction 

as Through a positive feedback loop, Ang II promotes the loss of its negative regulator ACE2 by 

increasing ADAM17 activity [33]. On the other hand, the increased expression of IL-1β, as a result of the 

inflammatory process, may also contribute to the overactivation of ADAM17 in the early stage of 

infection [34]. In addition, bradykinin B1 (B1) receptors of ADAM17 induce further overexpression of 

ADAM17, leading to even more sACE2, which in turn increases the binding of the pathogen to 

Angiotensin II type 1 (AT1) receptors. Reducing mACE2 will increase stimulation of the B1R as well as 

AT1 (because the degradation of bradykinin (DABK) and (Ang2) by ACE2 will decrease and more of 

these compounds will be available to bind to their receptors). [35, 36]. 

5- cortisol. 

Figure (5) shows an increase in the concentration of cortisol in each of the patients infected with the 

Corona virus and patients with pulmonary tuberculosis, compared to healthy people (the control group). 

This increase was consistent with the results of many studies [37, 38]. 

 Cortisol is one of the main hormones involved in controlling the immune system. Inflammatory 

cytokines operate on hypothalamic-releasing factors to stimulate the adrenal-pituitary-adrenal (HPA) axis, 

which is activated in response to infection. The release of corticotrophin-releasing hormone (CRH) from 

the hypothalamus triggers the release of adrenocorticotropin-releasing hormone (ACTH) from the 

pituitary gland in response to inflammatory cytokines such interleukin-6 (IL-6), interleukin-1 (IL-1), and 

tumour necrosis factor- (TNF-α). Cortisol is produced when ACTH stimulates the adrenal cortex [39]. 

Researchers also attributed the greatest role in neural stimulation to the production of cortisol due to 

(IL1), as the cytokine works in a specific way to activate the adrenocortical axis at the level of the brain 

[40]. The researcher Ebrahimi [41] stated that the IL1 antagonist has the ability to reduce the level of 

cortisol in patients with chronic diseases. 

The role of cytokines may go beyond neurostimulation to the stage of enzymatic regulation where 

inflammatory cytokines, in particular IL-1β and TNF-α, effectively inhibit β-HSD2 activity (the 
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conversion of cortisol to cortisone) and acid levels. mRNA with induction of cross-expression of β-

HSD1mRNA11 and activity (converting cortisone to cortisol) [42]. 

Also, the increase in NO shown by the results in Figure (2) may have a role in increasing the 

concentration of cortisol by decreasing the activation of β-HSD2 11 in addition to decreasing the 

expression of its mRNA [43]. Likewise, IL6 also has an indirect role on the concentration of cortisol, 

through its effect in the regulation of acute phase proteins, including albumin, as IL6 reduces the level of 

this transporter protein [44]. Where the researcher mentioned [45], that one of the reasons for the increase 

in cortisol is the decrease in the concentration of proteins associated with cortisol. 

6- histamine 

From the current study, it was shown in Figure (6) that the concentration of histamine increased in 

both patients infected with Corona virus and patients with pulmonary tuberculosis, compared to healthy 

people (control group). This rise was consistent with the results of several studies. [46, 47]. 

The binding of the pathogen to mast cells that contain TLR receptors [48], leads to the release of 

histamine [46]. And the increase in histamine shown by the study in Figure (6) may stimulate mast cells 

to produce more histamine because they have a type of histamine receptor, which is H4 [49]. Also, 

histamine and interleukin-6 can participate in stimulating increase in B cell count and activity [50, 51]. to 

generate antibodies, including IgE, which plays a major role in the pathological response, leading to 

basophil and mast cells histamine release [52]. 

The bacterial LPS, as well as the resultant rise in pro-inflammatory cytokines such IL-1 and TNF the 

pathological injury, have a role in stimulating Histamine is produced by the enzyme histidine 

decarboxylase (HDC), leading to an increase in its secretion from mast cells and basophils [53]. 

Studies have also shown that infection with Covid has an effect on increasing the secretion of 

histamine by reducing the regulation of the gene encoding the enzyme diamine oxidase, which is 

responsible for analyzing histamine. It is also responsible for increasing the formation of mast cells 

themselves, causing an increase in histamine [54]. The existence of a significant difference between the 

two injuries may be attributed to this reason. 

 

Conclusion 

 

This research demonstrates that bacterial respiratory infections, including tuberculosis bacteria in particular, and 

viral infections, the most important of which is the Coronavirus, have effects on hormonal and oxidative responses, 

with significant differences in the magnitude and continuity of these responses depending on the pathogen. 
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Figures 

 
Figure 1. Effect of viral infection (COVID-19) and bacterial infection (TB) in comparison with healthy subjects 

(control group) on the level of Isoprostane in blood serum. 

 

 
Figure 2. The effect of viral infection (COVID-19) and bacterial infection (TB) compared to healthy people (control 

group) on the level of NO in blood serum. 

 

 
Figure 3. Effect of viral infection (COVID-19) and bacterial infection (TB) in comparison with healthy subjects 

(control group) on serum BK level. 
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Figure 4. The effect of viral infection (COVID-19) and bacterial infection (TB) compared to healthy people (control 

group) on the level of ACE2 in blood serum. 

 

 
Figure 5. Effect of viral infection (COVID-19) and bacterial infection (TB) compared to healthy people (control 

group) on serum cortisol level. 

 

 
Figure 6. effect of viral infection (COVID-19) and bacterial infection (TB) compared to healthy people (control 

group) on the level of histamine in the blood serum 
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