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Abstract

The paper presents the results of the assessment of
the military's immune system functioning subject to
age and distribution by contingent using spontaneous
and stimulated NBT-test. The primary study was
conducted with distribution by contingent. A
spontaneous NBT-test showed that the neutrophil
count in blood was higher than normal in 72.1% of
the soldiers, officers, and retired military personnel.
The average result of the induced NST-test among
the active servicemen and retired military personnel
showed an excessive neutrophil level in 53.9% of
cases. The paper also reflects the results of the
analysis of the NBT-test taking into account the age
of the servicemen. The comparative analysis of the
NBT-test results revealed that 53.9% of the age
groups of 18-29 years and 30-39 years has values
higher than normal (statistically significant
difference). The results of the spontaneous NBT-test
exceeding the norm in the stimulated NBT-test
indicate an excessive concentration of neutrophils in
the blood, and a possible presence of a chronic
inflammatory process and a violation of the
phagocytic activity of the organism.

Keywords: Induced NBT-Test, Spontaneous NBT-
Test, Evaluation of Phagocytic Cells Function,
Military Personnel, Contingent, Technogenesis.

Introduction

The conducted research in the field of public health
and, in particular, medical services for servicemen,
indicate the existence of a range of problems related
to the health of draftees and contract servicemen [1,
2, 3]. The range of cause-effect relationships is
revealed during the examination of the health status
of retired servicemen [4, 5, 6, 7]. The state of
morbidity indicators of servicemen, as well as the
forecasts being built, indicate an increase in the
incidence rate; the incidence of disability increases,
the level of dismissal rate increases, and the death
rate among military personnel decreases [8,9]. The
legislative and regulatory level of the problem of
medical care provides a coherent system of actions
and consequences [10, 11]. However, currently,
there is a lack of study of the problem level of health
care such as personalized medicine [12,13,14].
Obviously, the assessment of the state of the immune
system takes the central position in matters of
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personalized and preventive medicine [15,16]. At the
present time, an essential level of knowledge is
known for the formation of processes occurring in
the human body, under the influence of
environmental and production factors [17, 18, 19].
Ecological immunology distinguishes several stages
of impairment and inhibition of the immune system.
Determination of staging in immunological indices
contributes to the development of a set of measures
and the development of management decisions to
reduce the impact of risk factors, the transition from
one stage to another [20,21]. A variety of
immunological indices form an urgent need to
develop a complex of criteria that objectively
describe the processes and changes [22].

Objective of the research: To evaluate the
phagocytic  activity of neutrophils by the
spontaneous and induced nitro blue tetrazolium test
in military personnel subject to their age and
distribution by contingent.

Methods

The study involved 471 military personnel aged 18
years and over. The experimental group included
active servicemen (work experience of more than 3
years), soldiers and retired military personnel. The
control group included persons not related to
military service. This group consisted of 368 people.
For an objective assessment of the phagocytic
activity of the body, blood sampling was performed
only in persons with no signs of inflammatory
diseases.

Instruments and materials: -StatFax 210® "StatFax”
plate photometer, Voscher® "StatFax” thermostat
shaker STZ, “Lenpipet” variable volume automatic
pipettes of 20-1000 pl, "Medpolimer" IFA flat
plates.

Solutions and reagents: NBT "Sigma-Aldrich",
autoclave-killed S.aureus suspension at a
concentration of 1 million/ml, "PanEco” phosphate-
buffered saline pH 7.4 tablets, DMSO 99%, KOH
"Sigma-Aldrich".

Indicators of the NBT-test (SNBT, iNBT) were
defined as NBT = Dx10000, amount of NFx100,
where D is the optical density value directly
determined by spectrophotometry, the amount of NF
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is the amount of neutrophils in 50 ul of peripheral
blood.

The obtained data were statistically processed by
common methods on a PC using standard programs:
STATISTICA 8.0, Microsoft Excel. As statistical
tests we used single-factor analysis of variance for
dependent groups (ANOVA test). A critical level of
significance in checking statistical hypotheses was
considered to be p=0.05.

Results

Initially, the servicemen were distributed by
contingent and divided into 3 experienced groups:
rank and file, officers, retired military personnel. For
each group, a spontaneous and induced NBT test was
performed.

Spontaneous NBT-test allows assessing the
bactericidal mechanism of phagocytes. The results
show the distribution of the spontaneous NBT by the
contingent in percent. The distribution can be either
within the norm or not. Depending on the contingent,
the percentage of the degree of risk varies, but
amounts to 100% in total. The spontaneous test
below the norm is observed only in 2.4% of soldiers,
normal - in 25.3%, higher than normal - in 72.3%. At
the same time, only 4.9% of retired servicemen have
NBT-test results within the norm, and 95% of them
have higher than normal values. In the group of
active servicemen (officers), the NBT-test indicator
was normal in 5.9%, higher than normal - in 94.1%.

For a reliable evaluation, the control group was also
subject to the study. It included persons not related
to military service. The obtained data showed that
97.3% of control subjects had normal values.

The induced NBT-test allows assessing the
functional reserve of the oxygen-dependent
bactericidal mechanism of phagocytes. The test is
used to identify the reserve capacity of intracellular
phagocyte systems. With preserved intracellular
antibacterial activity in phagocytes, there is a sharp
increase in the amount of formazan-positive
neutrophils after their stimulation with latex. The
distribution of induced NBT-test by contingent in a
percentage ratio showed that the content of induced
NBT-test is below the norm in retired servicemen.
The activity of positive neutrophils was normal in
57.8% of the soldiers, 25.5% of officers, and 2.4%
of retired officers. Higher than normal values of the
induced test were found in 39.8% of soldiers, 72.5%
of officers and 97.6% of retired military personnel.
In the control group, 89.3% of subjects had values
within normal range.

For a more detailed analysis, military personnel were
divided according to their age. The results of the
spontaneous NBT-test showed that in the first group
of military personnel aged 18 to 29 years 2.2% of

subjects had the level of positive neutrophils below
the norm, 27.5% - normal, and 70.3% - above the
norm. In the group with the age of 30 to 39 years,
22.7% of subjects had normal level, and 77.3% -
above the norm. The spontaneous NBT-test in the
group of 40-49 years was normal in 20% of subjects,
and above the norm in 80%. In the next group of 50-
59 years, normal values were observed in 42.9% of
subjects, higher than normal - in 57.1%. Normal
values were revealed in 32% and above the norm in
68% of military personnel aged 60 to 69 years. In the
group of 70 years and over, the excessive level was
noted in 100% of subjects.

The induced NBT-test allows revealing the results of
phagocytic activity. The normal NBT-test of positive
neutrophils in adults with an induced NBT -test is 40-
80%.

The results of the induced NBT-test showed that in
the first experimental group of military personnel
aged 18 to 29 years 2.2% of subjects had values
below the norm, 59.3% - normal, and 38.5% - above
the norm. In the group of 30 to 39 years, 40.9% of
subjects had normal values, 4.5% - below the norm,
and 54.5% - above the norm. The induced NBT -test
in the group of 40-49 years was normal in 36% of
subjects, and above the norm in 64%. In the next
group of 50-59 years, normal values were observed
in 39.3% of subjects, higher than normal - in 60.7%.
Normal values were revealed in 32% and above the
norm in 68% of military personnel aged 60 to 69
years. In the group of 70 years and over, the excess
of normal values was noted in 100% of subjects.

The analysis found that in the comparative analysis
of the NBT-test with regard to the age the values
above the norm (p = 0.008), norm (p = 0,001), and
below the norm (p = 0,005) constitute a statistically
significant difference.

The statistics show that the indicator of the induced
NBT-test subject to age by Pearson’s criterion is as
follows: E2a=1.553, the degree of freedom n'=10,
%2=0.001. According to Cramer’s criterion, the value
corresponds to the level of CC=0.513 - medium
association.

Discussion

This research paper was aimed at evaluating the
phagocytic activity of neutrophils in the professional
activity of military personnel with the help of the
spontaneous and induced NBT-tests. The study
involved 471 military personnel aged 18 years and
over. The experimental group included active
servicemen (work experience of more than 3 years),
soldiers and retired military personnel. The control
group included persons not related to military
service. This group consisted of 368 people. For an
objective assessment of the phagocytic activity of
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the body, blood sampling was performed only in
persons with no signs of inflammatory diseases.

The phagocytic activity of neutrophils was evaluated
by the spontaneous and induced nitro blue
tetrazolium test in military personnel subject to their
age and distribution by contingent.

An excessive neutrophil activity was recorded in
more than 80% of cases, whose professional
activities are associated with military service. The
relationship between the age of military personnel
and the violation of activity of neutrophil phagocytic
activity was revealed. The immune system is the
most complex human defense system, providing
multi-stage protection against the surrounding
damaging agents. Therefore, it is necessary to
conduct further research and identify specific causes
of excessive neutrophil activity in the body of
servicemen.

Summary

1. Spontaneous and induced NBT-tests are
objective indicators in the assessment of phagocytic
activity of neutrophils in the conditions of
professional activity of military personnel.

2. Distribution of the induced NBT-test by
contingent showed that 70% of active servicemen
have higher than normal phagocytic activity of
neutrophils. In the control group, which included
persons not related to military service, the values of
NBT-test were normal in 89.3% of subjects. This
indicates that military professional activity can have
a direct effect on the phagocytic neutrophil activity.

3. The analysis of the induced NBT-test
subject to age showed that with an increase in the age
of the servicemen, the level of positive neutrophils
increases too. After retirement, the figures decrease
again.

4, The analysis of the spontaneous NBT-test
subject to age showed that the highest excess of
neutrophil count is observed among in the age group
from 30 to 49 years.

Conclusions

The results of the studies described in this paper are
devoted to the evaluation of active immunity
parameters among the conscripted and contract
servicemen and retired military personnel. These
studies allow studying the state of the immune
system over years. Significant and statistically
reliable differences in the indicators of control and
experience groups make it possible to assess the
conditions of military service as risk factors. The
studies show that the NBT-test (spontaneous and
induced) objectively describes the processes in the
immune system and can be recommended as a stage
of immunological screening.
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