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The diagnosis of various pathomorphological forms of acute appendicitis (AA), acute mesadenitis (AM), and ab-

dominal tuberculosis (AT) remains an urgent problem in medicine. Neutrophilic granulocytes are the first link in 

the nonspecific immune response to inflammation, which is mediated by phagocytosis and intracellular bacteri-

cidal systems. Therefore, the research aimed to establish the features of the functional state of neutrophilic 

granulocytes in the blood of patients with AA, AM, and AT. 

Materials and methods. 30 practically healthy, 27 patients with AM, 40 patients with acute phlegmonous ap-

pendicitis were examined; 20 patients with acute gangrenous appendicitis, 30 patients with AT. The phagocytic 

activity of neutrophils in the test with latex granules, redox activity (spontaneous HCT test), cationic lysosomal 

proteins in the cytochemical test with bromine phenol blue was determined in the blood.  

Results. Phagocytic activity of neutrophils in patients with destructive forms of AA and AT was lower, and in the 

group of patients with AM – did not differ from control values. The phagocytic index of neutrophils in patients 

with destructive forms of AA was 1.5 times lower (p<0.05), and the phagocytic number in patients with gangre-

nous AA was 1.7 times lower than in healthy individuals (p<0.05). In patients with AM, the percentage of HCT-

positive neutrophils was 1.3 times higher, in patients with destructive forms of AA and AT – 2 times higher than 

in healthy groups (p<0.05). The number of neutrophils containing cationic lysosomal proteins was also higher 

in destructive forms of AA, and in AM and AT - did not differ from the value in the control group.  

Conclusions. It has been established that peripheral blood neutrophils in conditions of acute destructive in-

flammation and abdominal tuberculosis have reduced absorption capacity with simultaneous significant activa-

tion of redox processes. Cytochemical tests to detect the phagocytic and metabolic activity of blood neutrophils 

are available and highly informative for the diagnosis and prediction of inflammation, as well as for the differ-

ential diagnosis of bacterial and viral diseases 
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1. Introduction 

Abdominal pain is the most common reason for 

seeking medical attention [1]. Among the inflammatory 

diseases of the abdominal organs (AO), which are ac-

companied by acute abdominal pain, the most common 

are gallstone disease and acute appendicitis (AA). Time-

ly diagnosis of various pathomorphological forms of AA 

remains an urgent problem in medicine. Despite numer-

ous studies, the problem of differential diagnosis of ab-

dominal diseases of chronic nature (abdominal tubercu-

losis), acute nonspecific mesenteric lymphadenitis (AM), 

which can be treated conservatively, with acute destruc-

tive appendicitis that requires surgery. The incidence of 

tuberculosis in Ukraine and in the world has increased 

significantly over the past decade, disseminated and ex-

trapulmonary forms of tuberculosis have become wide-

spread. The most commonly AO is affected with infec-

tion, and AT is often diagnosed during surgery for 

“acute” abdomen [2, 3]. 

At the present stage of development of science is 

relevant to consider the development of diseases from the 

standpoint of typical pathological processes, which is 

inflammation [4]. Inflammation and ischemia are patho-

physiological mechanisms of abdominal pain. In the im-

mune response cascade, neutrophilic granulocytes are the 

first link in the nonspecific inflammatory response [5]. 

Their main function is the intracellular killing of foreign 

objects – phagocytosis. Although the lifespan of neutro-

phils is short after entering the inflammatory zone, in-

flammatory signals are able to prolong the life of cells, 

and they release inflammatory mediators and control 

inflammation [6, 7]. Timely and correct assessment of 

the functional state of the effector link of nonspecific 

immune defence in the conditions of urgent surgical pa-

thology is one of the important criteria for choosing or 

modifying treatment tactics [8, 9]. It is also important to 

identify adequate laboratory tests that would be available 

and allow to assess the activity of neutrophils in inflam-

matory conditions, and this will be an auxiliary laborato-

ry criterion in a comprehensive examination of the pa-

tient. The functional activity of neutrophilic granulocytes 

is determined by the absorption capacity, the activity of 

redox processes and the content of cationic lysosomal 

proteins [10].  

The aim of the study was to establish the features 

of the functional state of neutrophilic granulocytes in the 

blood of patients with acute appendicitis and abdominal 

tuberculosis. 
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2. Materials and methods 

30 practically healthy persons and 117 patients with 

acute abdominal diseases and abdominal tuberculosis were 

examined. The group of patients with AM consisted of  

27 people, whose average age was 32.1±1.56 years; pa-

tients with acute phlegmonous appendicitis (APA) –  

40 people; on acute gangrenous appendicitis (AGA) –  

20 people (mean age of patients 46.11±2.48 years). The 

examinations were performed on the basis of the first 

surgical department of the Lviv Emergency Hospital. The 

blood of 30 patients with AT (patients of the Pulmonary 

Health Center and the Lviv Regional Hospital for Ex-

trapulmonary Forms of Tuberculosis), with different foci 

of localization of the process (mean age 35±2.6 years) 

was also examined. All surveys were conducted in the 

period 2007–2017. 

The phagocytic activity of neutrophils in the 

blood was determined using latex granules (D=1–3 μm, 

DIA-M, RF) as the object of phagocytosis and the 

phagocytic index was calculated (PI) and phagocytic 

number (PN) [10]. Determination of the total redox ac-

tivity of neutrophils was performed in a spontaneous 

test for the reduction of nitro blue tetrazolium (NBT-

test) by the method of Park B.H. in modification Bajora 

Y. I. Detection of cationic lysosomal neutrophil pro-

teins (CLP) by the method of Shubich M.G. The num-

ber of NBT-positive and CLP-positive neutrophils and 

the cytochemical coefficient was determined (NBTCСC, 

CLPCCC) [10].  

Patients were selected taking into account 

measures to ensure the safety of the patient's health, re-

spect for human rights, human dignity and moral and 

ethical standards in accordance with the principles of the 

Helsinki Declaration of Human Rights, the Council of 

Europe Convention on Human Rights and Biomedicine 

and relevant laws of Ukraine. The Ethics Commission of 

the Lviv National Medical University named after 

Danylo Halytskyi did not find any violations of moral 

and ethical norms during the study (minutes of the meet-

ing No. 3 of March 19, 2018). 

Statistical processing of the research results was 

performed using the methods of parametric (variational) 

statistics in compliance with the conditions for estimating 

the type of distribution. The results are presented in the 

form of the average statistical value of the indicator and 

the error of the average M±m. The probability of the ob-

tained results was evaluated by Student's criterion and 

Mann-Whitney. The STATISTICA 2006 computer soft-

ware package was used for statistical processing of the 

material. 

 

3. Research results 

In the analysis of the functional state of neutro-

philic granulocytes in patients with acute inflammatory 

diseases AO and AT, deviations from the control values 

of a number of functional parameters of these cells were 

found. Phagocytic activity of neutrophils in patients with 

destructive forms of AA and blood pressure was lower, 

and in the group of patients with AM – did not differ 

from control values. Thus, the PI of neutrophils in pa-

tients with destructive forms of acute appendicitis was 

1.5 times lower (p<0.05), and PN (phagocytic number) in 

patients with gangrenous form AA was 1.7 times lower 

than in healthy individuals ( p<0.05) (Table 1). 

The results of the study of the functional state of 

neutrophils are presented in Table 1.  

 

Table 1 

Indicators of functional activity of neutrophilic granulocytes of peripheral blood in patients with AO acute diseases 

and AT, М±m 

Indicator, 

units 

Study groups, number of surveyed (n) 

Control group, 

n=36 
AM, n=27 APA, n=26 AGA, n=20 АТ, n=28 

PI , % 62.9±4.3 65.3±2.5 40.9±2.3* 41.4±2.2* 52.5±2.6*#^ 

PN, units 6.9±0.5 5.0±0.2 3.9±0.1*# 5.0±0.4 # 5.8±0.4# 

NBT, % 23.3±6.1 30.3±1.8* 45.5±2.5 *# 45.3±1.6 *# 48.6±2.6* 

NBTCCC  30.5±5.8 42.6±2.2* 75.6±3.3* 56.3±2.5 # 78.4±4.3* 

CLP, % 78.6±4.4 83.9±2.7 88.2±1.4 * 91.3±6.2 * 80.4±5.2 

CLPCCC 122.2±7.1 115.1±8.9 142.1±5.9 *# 111.8±9.0 *# 120.4±8.2#^ 
Note: * – the difference is significant in relation to the value in the control group (p <0,05); # – the difference is significant in rela-

tion to the value in the group of patients with AM (p<0.05); ^ – the difference is probable in relation to the value in the group of 

patients with APA (p<0.05) 

  

Activation of intracellular microbicidal systems 

of neutrophils was revealed. In patients with AM, the 

percentage of NBT-positive neutrophils was 1.3 times 

higher, in patients with destructive forms of AA and 

blood pressure – 2 times higher than in healthy groups 

(p<0.05). There was no difference in the number of 

NBT-positive neutrophils between the groups with 

phlegmonous and gangrenous forms of appendicitis.  

The number of CLP-containing neutrophils was 

also higher in destructive forms of AA, and in AM and 

AT – did not differ from the value in the control 

group. 

4. Discussion of research results 

In the light of modern scientific knowledge, neu-

trophils are a unique multipotent population of cells of 

the immune system, which, in addition to phagocytosis, 

links between innate and adaptive immunity. Discovery 

of V. Brinkman et al. In 2004, neutrophil extracellulat 

traps (NETs) marked the beginning of a new phase in 

understanding the life cycle, neutrophil functions, and 

their role in immune defense [11]. Neutrophils play an 

important role in the development of bactericidal and 

cytolytic reactions in inflammation, they are the first to 

come into contact with the pathogen, are very mobile and 
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act quickly. As a result of the secretion of “respiratory 

explosion” products, degranulation is also possible extra-

cellular cytolysis, which is important in antibacterial 

immunity [10]. Activated phagocytes are highly efficient 

cytotoxic cells. Our studies have shown that under condi-

tions of acute inflammation, which is pathomorphologi-

cally destructive (acute phlegmonous and gangrenous 

appendicitis), and under conditions of specific inflamma-

tion (abdominal tuberculosis), the phagocytic activity of 

neutrophils is reduced compared to control values. In 

conditions of nonspecific inflammation of the mesenteric 

lymph nodes – does not differ from the control indicator. 

It is known that AA is associated with increased activity 

of opportunistic flora, abdominal tuberculosis – with 

mycobacteria, while acute mesadenitis is predominantly 

viral in nature and neutrophils and phagocytosis are not 

effective [12]. A study by Warren E. et al. [13] also 

found a decrease in phagocytic activity of neutrophils in 

abdominal tuberculosis. Also, our previous studies of 

phagocytosis in acute cholecystitis indicate a decrease in 

phagocytic activity of neutrophilic granulocytes [14]. 

Of great importance in anti-infective protection 

belongs to the bactericidal properties of phagocytes, 

which is manifested intracellularly in phagolysosomes 

after phagocytosis of microorganisms. At this stage, the 

mechanisms of bactericidal properties of the phagocyte 

and their activation are important. The most powerful 

mechanism is the formation of reactive oxygen species 

and halogens, which have a pronounced bactericidal ef-

fect. An available laboratory method for detecting the 

formation of reactive oxygen species is a cytochemical 

test with terazolium nitro blue (NBT test) [10]. At the 

present stage of development, laboratory medicine has 

two analytical approaches to the detection of redox pro-

cesses in neutrophils: cytochemical test, which is simple 

and cheap to perform, and flow cytometry [15–17]. As a 

result of our studies on the background of reduced phag-

ocytic activity in patients with destructive forms of acute 

appendicitis and abdominal tuberculosis, we observed the 

activation of redox processes in blood neutrophils, as indi-

cated by increased spontaneous NBT-test. Giese M. A. 

and sang. indicate that a decrease in phagocytic (endo-

cytic) activity of phagocytes simultaneously with an in-

crease in their oxygen-dependent metabolism is a sign of 

classical, pro-inflammatory (phenotype N1) activation. 

Neutrophilic granulocytes with proinflammatory activity 

(N1) synthesize a large number of proinflammatory me-

diators and promote the activation of CD8 + lympho-

cytes, increase their production of reactive oxygen spe-

cies and nitric oxide and result in the development of 

inflammation, induction by synthesis of proinflammatory 

cytokines [18]. The literature also describes the activa-

tion of neutrophils in tuberculosis infection [2, 19, 20]. 

Thus, the cytochemical NBT test is an accessible and 

informative laboratory test that can be used for the dif-

ferential diagnosis of acute destructive inflammation 

from non-bacterial inflammation. 

Cytochemical test for cationic lysosomal proteins 

determines the presence of oxygen-independent mecha-

nisms of bactericidal neutrophils. The group of these 

proteins includes α-defensins, which are synthesized 

and packaged in granules during neutrophil differentia-

tion [21, 22]. We found that in acute destructive in-

flammation of AO slightly increased percentage of neu-

trophils containing cationic lysosomal proteins, while in 

other pathologies the indicator did not differ from the 

control value. 

Thus, our studies using available laboratory cyto-

chemical methods to determine the activity of phagocy-

tosis and neutrophil metabolism in whole blood showed 

that phagocytes show a high oxidative potential (meta-

bolic reserve), but disrupted the process of recognition 

and absorption (phagocytosis). That is why the functional 

activity of granulocytes should be assessed comprehen-

sively. Carrying out the reaction in whole blood (granu-

locytes are not subject to preliminary selection and wash-

ing), in the presence of opsonizing factors of serum, 

greatly increases the objectivity of the study. 

Study limitations. The limitations of the study 

are related to the small cohort of examined patients. 

Prospects for further research. A study to detect 

neutrophilic extracellular traps in inflammation is 

planned. 

 

5. Conclusions 
1. As a result of research it is established that neu-

trophilic granulocytes of peripheral blood in conditions 

of acute inflammation have reduced absorption function 

with simultaneous significant activation of redox pro-

cesses and increase the number of lysosomal granules 

with cationic proteins in cells. 

2. In conditions of chronic specific inflammation, 

the decrease in the absorptive function of neutrophils is 

accompanied by an increase in redox activity, and the 

content of cationic lysosomal proteins does not differ 

from that in healthy individuals. 

3. Cytochemical tests to detect phagocytic and 

metabolic activity of blood neutrophils are available and 

highly informative for the diagnosis and prediction of 

inflammation, as well as for the differential diagnosis of 

bacterial and viral diseases. 
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