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Abstract

Tuberculosis is a great medical and social problem. An important risk factor for tuberculosis progress is the systematic use
of alcohol. The relationship between alcohol intake and TB has been clear after numerous studies and meta-analyzes. However,
there are still open questions about whether alcohol is the direct cause of TB development, which doses of alcohol have the greatest
trigger value in progress of TB process, what kind of immunological reactions are significantly associated with alcohol intake and
what immune background can determining role of alcohol in progression of TB infection. The features of the immune response in
TB patients with different value of alcohol use remain poorly understood.

The aim of the research — to investigate the immune status in patients with firstly diagnosed pulmonary tuberculosis with
various levels of alcohol consumption.

Materials and methods. We selected for participating in the study 102 males with tuberculosis and alcohol consumption.
Examination of the patients included: clinical methods, chest X-ray, sputum tests, Alcohol Use Disorders Identification Test and
immunological blood analysis.

Results. Patients with tuberculosis and alcohol consumption, have increase inflammatory response: higher level of
stab neutrophils, CRP, ESR, as well as phagocyte activity, circulating immune complexes levels and medium molecular weight
peptides levels. On the other hand we found decreasing of phagocytic number, index of phagocytosis completeness and dif-
ferentiation clusters CD2*, CD3*, CD4*, CD8" of T-lymphocytes’ sub-populations. The highest changes were observed in the
group of alcohol abusers.

Conclusions. Patients with tuberculosis and alcohol intake, even at low levels of its consumption, have a dysregulation of
their immune response. On the one hand, there is an increase of non-specific inflammatory reactions, and on the other — a situation,
when antigen-presenting cells cannot adequately to process and present the antigen to phagocytes. This prevents the immune system
from responding quickly, correctly evaluating and suppressing foreign agents.
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1. Introduction

Tuberculosis (TB) is a great medical and social problem of the healthcare system not
only in Ukraine, but also throughout the world. According to WHO report annually there are
registered more than 10 million new cases of TB and more than 1.5 million people die. One of
the most threatening features of modern TB infection is the growth of prevalence of resistant
forms of M. tuberculosis (MBT) [1].

An important risk factor for TB progress is the systematic use of alcohol. According
to published data, about 10 % of TB cases are associated with alcohol intake [2]. The neg-
ative effects of alcohol we can found at all stages of TB infection progress. Firstly, initial
reduce of host cellular immunity because of alcohol use is increases the risk of TB infec-
tion, next — alcohol consumption can be a factor of progress an active TB process (reactiva-
tion of latent TB infection) [3, 4, 6]. Alcohol consumption during treatment leads to heavi-
er adverse reactions of anti-TB drugs, irregular medication intake, poor response to therapy
and the formation of resistance [4, 5]. The systematic use of alcohol and alcohol addiction
are predictors of active TB. The results of meta-analyzes showed that regular intake of al-
cohol from 40 g per day (in terms of ethanol) contributes to a three-fold increase the risk
of TB [3].

The relationship between alcohol intake and the development of TB has been clear af-
ter numerous studies and meta-analyzes [2—6]. However, there are still open questions about
whether alcohol is the direct cause of TB development, which doses of alcohol have the great-
est trigger value in progress of TB process, what kind of immunological reactions are signifi-
cantly associated with alcohol intake and what immune background can determining role of
alcohol in progression of TB infection. The features of the immune response in TB patients
with different value of alcohol use remain poorly understood.

The objective of the research — to investigate the immune status in patients with first-
ly diagnosed pulmonary TB (FDTB) and preserved sensitivity to anti-TB drugs with various
levels of alcohol consumption.

2. Materials and methods

The study was performed in the period 2017-2019 at the tuberculosis institutions in
Kharkov, Ukraine (Municipal Non-commercial Enterprise of the Kharkiv regional council “Re-
gional TB dispensary No. 17, Municipal Non-commercial Enterprise of the Kharkov regional
council “Regional Tuberculosis hospital No. 17, State Healthcare Institution “Regional Tubercu-
losis hospital No. 3”). The study included 102 patients with FDTB and alcohol use. All patients
were at the beginning of the intensive phase of treatment and received standard four-component
therapy (isoniazid, rifampicin, pyrazinamide, ethambutol) according to the recommendations of
the current guidelines [7].

The criteria for inclusion in the study were as follows: male gender, age from 20 to
50 years (35.9£7.2 years), FDTB, the presence of MBT according to the results of sputum
tests (MBT+), the absence of resistance to anti-TB drugs according to the results of drug tests
sensitivity.

Patients were excluded from the study if they had a history of drug use, chronic diseases —
HIV, hepatitis, bronchial asthma, COPD, diabetes mellitus, systemic, autoimmune, oncological ill-
ness or mental disorders.

The study participants had a comprehensive clinical and laboratory examination. The di-
agnosis of TB was established by the results of an X-ray examination of the chest and laboratory
sputum tests (microscopic, cultural and molecular genetic) according to the recommendations of
the current guideline [7].

The 10-item Alcohol Use Disorders Identification Test (AUDIT) is used to assess lifetime
hazardous and harmful patterns of alcohol use [8]. AUDIT results were read according to the user
manual: 0—7 points — low level of consumption, 8—15 points — hazardous level of consumption,
16—19 points — harmful level, 20+ points — possible alcohol dependence.
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According to the results of the AUDIT test, patients were distributed into three
groups. To group 1 belonged persons who scored 0—7 points (n=30), to group 2 — 8-15
points (n=44) and to group 3 (abusers) — 16 points or more (n=28). It should be noted that
at group 1 there were 2 (6.7 %) people who did not score a single point. At group 3, the
maximum number of points scored was 32, while 5 (17.9 %) patients had a score of more
than 20 points, which corresponded to a possible alcohol dependence. Groups were com-
parable in age.

To evaluate the state of the immune system, immunological studies were carried out.
The barrier function of phagocytes was evaluated according to the phagocytic activity of pe-
ripheral blood neutrophils by light microscopy with determination of phagocytic index (PI)
(number of cells involved in phagocytosis), phagocytic number (PN) (average number of ab-
sorbed microbes by one neutrophil) and the index of phagocytosis completeness (IPC) (the
digesting ability of neutrophils). Sub-populations of T-lymphocytes were evaluated by expres-
sion of differentiation clusters CD2*, CD3*, CD4*, CD8" by immunofluorescence method us-
ing dye-labeled monoclonal antibodies manufactured by «Sorbent», Russia (stained cells were
counted using a fluorescence microscope). The concentration of circulating immune complex-
es (CIC) and the CIC constant were determined by selective precipitation of antigen-antibody
complexes in polyethylene glycol followed by photometric measurement of the optical density
of the precipitate. The content of medium molecular weight peptides (MM WP) in blood serum
was determined using spectrophotometry after preliminary precipitation of coarsely dispersed
proteins with trichloroacetic acid.

The study was conducted in accordance with the requirements of good clinical practice,
the Council of Europe Convention on Human Rights and Biomedicine, the Helsinki Declaration of
the World Medical Association and approved by the local ethics committee of the Kharkiv Med-
ical Academy of Postgraduate Education (protocol No. 1, from 18.02.2020). All patients signed
informed consent for participating in the clinical trial.

The obtained data were processed by Statistica software. Quantitative data are presented
as mean values (M) and standard deviations (SD). For comparison of values between groups, Stu-
dent’s t-test and Wilcoxon test were used. To describe qualitative variation, we used the frequency
at which the traits were assessed in the group. The critical significance level of statistical signifi-
cance at the null hypothesis test was assumed to be 0.05.

3. Results and discussion

The inflammatory response indicators in patient groups are presented in Table 1.

When analyzing the data obtained, it was found that in patients with FDTB with an increase
of alcohol consumption, is an increase levels of stab neutrophils, CRP and ESR is observed. The
maximum values are indicated in the group of people who abuse alcohol.

When we assessing the parameters of the cellular link of the primary immune response at
the beginning of the intensive phase of treatment in patients with FDTB, a significant (p<0.05)
increase in phagocyte activity was established compared with the reference values (Table 2). How-
ever, as the level of alcohol consumption in the comparison groups increased, there was a tendency
toward a decrease in the PI and PN levels. At the same time, the PN index of group 3 did not have
significant differences with reference values (p=0.158).

IPC indices in the comparison groups were statistically significantly lower (p<0.001) of
reference values. The minimum mean value of the IPC in the group of alcohol abusers.

In all observed groups of FDTB patients with alcohol consumption, significantly lower
CD3" levels were found, which indicated a decrease in their ability to recognize and bind antigens
with T-lymphocytes. At the same time, a decrease in the level of CD2" molecules was not detected
(Table 3).

In all groups of patients, a statistically significant (p<0.05) decrease in the number of CD4*
and the level of CD8" T-cells was found. The lowest average values of both indicators was deter-
mined in patients of the 3rd group.
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Table 1
The inflammatory response in patients of comparison groups

Group 1 Group 2 Group 3

Indicators Reference value (n=30) (1=44) (1=28)

p-value

p,,=0.455
Age, years 37.67+8.61 37.14+7.13 34.18+9.46 p,,=0.295
p,,=0.247

p,=0.617
p,,=0.637
p,,<0.001
p,.,=0.36
p,.,<0.001
p,,<0.001

ESR, mm/h 8.64+4.34 8+8.59 18.07+28.69 54.86+3.98

p,,=0.002
p,,=0.137
p,,=0.475
p,,=0.014
p,,=0.029
p,,=0.134

WBC, cells/l 6.98+1.46 5.5+1.6 6.45£1.2 6.6+1.37

p.,=0.011
p,,=0.09
p,,<0.001
p,,=0.283
p,,=0.461
p,,<0.001

Band neutrophil, % 3.12+1.64 4.63+1.9 3.89+1.53 5.07+1.39

p, =0.003
p,,=0.02

Segmented 61.52+5.87 55.73+8.28 56.11+8.08 60.64+1.47 P;=0337
neutrophil, % p,,=0.869
p,.=0.023

p,,=0.068

p,,=0.741
p,,=0.18
p,,=0.603
p,,=0.056
p,.=0.087
p,,=0.360

Monocytes, % 6.48+2.58 7.47+2.43 5.86+1.94 6.5+1.86

p,,=0.548
p,,=0.014
p,,<0.001
p,,=0.018
p,,<0.001
p,,=0.002

CRP, mg/1 2.36+2.1 2.6+3.8 11.18+17.7 26.8+11.8

Note: the index _ of the p-value corresponds to the reference value. The indices |, , and , correspond to the numbers of the com-
parison groups

11
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Indicators of phagocytic activity in patients of comparison groups

Indicators

Reference value

Group 1
(n=30)

Group 2 Group 3

(n=44) (n=28) p-value

PI,
(after 30 min), %

PN

IPC

Table 3

79.92+6.82

3.4+0.62

1.13+0.07

89.5+4.38

4.59+0.76

0.99+0.12

p,,<0.001
p,,=0.001
p,,=0.032
p,,=0.154
p,,=0.124
p,,=0.178

87.25+5.29 85.46+9.24

p,,<0.001
p,,=0.007
p,,=0.158
p,,=0.005
p,,=0.06
p,,=0.954

4.03+£0.64 3.97+1.45

p,,<0.001
p,,<0.001
p,,<0.001
p,,=0.445
p,.=0.487
p,,=0.153

1.02+0.11 0.97+0.12

T-lymphocyte subpopulation levels in patients of comparison groups

Indicators

Reference value

Group 1
(m=30)

Group 2 Group 3

(n=44) (n=28) p-value

1

2

3

4 5 6

Lymphocyte (10°),
cells/l

CD2, abs.

CD3", abs.

CD4, abs.

2.44+0.71

416.7+£59.3

1050+281.9

609.8+123.6

1.57+0.49

440.6+199.2

684.7+265.3

448+219.5

p,,<0.001
p,,=0.009
p,,<0.001
p,,=0.057
p,,=0.215
p,,=0.004

p,,=0.677
p,,=0.007
p,,=0.312
p,,=0.150
p,,=0.175
p,,=0.018
p,,<0.001
p,,=0.005
p,,<0.001
p,,=0.077
p,,=0.707
p,,=0.107

p,,=0.005
p,,=0.002
p,,=0.002
p,,=0.681
p,,=0.829
p,,=0.471

1.93+0.47 1.45+0.39

538.2£176.7

380+£177.8

831.8+237.6

673.9+£235.2

470.7+141.9 428.6+191.8
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Continuation of Table 3

1 2 3 4 5 6

p,,=0.008
p,,=0.874
p,,<0.001
p,,=0.128
p,,=0.957
p,,=0.471

p_=0.125
p,=0.063
p,,<0.001
p,,=0.837
p.,=0.118
p,,=0.122

CDg’, abs. 306.9+£57.7 236.7£99.9 361.1£228.2 245.4+54.5

CD4'/ CD8" 2.5+0.26 2.1+£0.95 2.1+0.6 1.7+0.6

Statistically significant (p<0.05) higher levels of CIC concentrations were revealed in all
groups of patients with FDTB who use alcohol, compared with reference values (Table 4). The
highest average CIC was determined in the group of alcohol abusers. In the same group, the low-
est CIC constants were found. Reduced values of the CIC constant in all three groups of patients
(p<0.001) indicated about conformational changes in the CIC (their small size) and the possibility
of their deposition in tissues. High concentrations of CICs in the blood serum of the examined pa-
tients also indicated the presence of severe intoxication on the background of the combined effect
of TB infection and alcohol consumption.

Table 4
The indicators of the humoral immunity in comparison groups

Group 1 Group 2 Group 3

Indicators Reference value (n=30) (n=44) (1=28)

p-value

p,,=0.007
p,,<0.001
p,;<0.001
p,,=0.04
p,,=0.063
p,;=0.5

CIC, units 76.2+13.2 118+62.7 147.6+69.5 169.5+117.5

p,,<0.001
p,,<0.001
p,,<0.001
p,,=0.315
p,,=0.702
p,,=0.534

CIC-constanta 1.3+0.2 0.9+0.1 1.02+0.04 0.9+0.09

p,,<0.001
p,,<0.001
p,,<0.001
p,,=0.951
p,,=0.006
p,,=0.002

MMWP 0.223+0.053 0.378+0.047 0.362+0.095 0.427+0.045

The maximum increase of the mean MMWP concentration was observed in the group of
patients who abuse alcohol. Moreover, this indicator at group 3 was significantly higher compared
to the groups 1 and 2, and the average concentration of MM WP at groups of patients 1 and 2 was
significantly higher than the reference values.
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4. Discussions

In our study, an increase in blood levels of band neutrophils, ESR and CRP showed possible
pro-inflammatory effects [9—11] of alcoholization in patients with tuberculosis.

One of the most important defense mechanisms against TB infection related to the system of
non-specific immunoresistance is the ability of neutrophils and mononuclear cells to phagocytosis.
The results of our study showed increased activity of phagocytes in all groups of patients. This
indicated an increased ability of antigen-presenting cells to chemotaxis and adhesion. However,
with increasing alcohol consumption, there was a tendency to decrease the ability of neutrophils to
absorb antigens. One of the main features of TB infection is the presence of incomplete phagocy-
tosis of the MBT [12, 13]. In our study, patients of all groups, IPC was below the reference values.
Moreover, this indicator decreased with increasing alcohol consumption, which indicated a nega-
tive effect of ethanol on the ability of neutrophils to endocytosis.

The T-lymphocyte system plays the role of a regulatory mechanism in the implementation
of immune response. The surface molecule of intercellular adhesion CD2" provides both adhesion
between T-cells and their targets, and subsequent activation of T-cells. CD3* are involved in the
recognition of antigens, their binding to T-lymphocytes and signal transmission [14, 15]. In our
study, a significant decrease in CD3" levels was observed in all groups of patients. This indicates a
decrease in the ability of T-lymphocytes to recognize and bind antigens.

It was found that CD4* — are involved in antigen-induced activation of T-cells, regulation
of adhesion of T and B-lymphocytes. CD8+ act as a co-receptor in the activation of T-cells,
facilitate the recognition of cell-related MHC class I antigens and involved in recognition of
antigenic peptides [16, 17]. In our study, a decrease in the levels of these indicators of the T-cell
immunity in patients with FDTB testified to possible impairment of the adhesion cascade, de-
fectiveness of subsequent antibody production by B-cells, and general dysregulation of cell-me-
diated immunity.

It has been found that CICs of an antigen-antibody are constantly formed in the body and
have a physiological defense mechanism leading to the rapid elimination of endogenous and ex-
ogenous agents by the reticuloendothelial system. With a lack of complement components, CICs
are deposited mainly on the vascular wall and on structures expressing Fc-receptors, for example,
on basement membranes. As a result, an immunocomplex pathology develops [18]. It is known
that the presence of a bacterial infection in the body induces the accumulation of finely dispersed
complexes on the basement membranes of the microvasculature and creates conditions for the long-
term activation of complement proteins. Its leads to the deposition of CIC on the membranes and
the development of inflammation. Long-term stress condition of this system by the presence of TB
infection leads to a decrease of overall activity of the complement protein system. High concentra-
tions of circulating immune complexes in the blood serum of the examined patients indicated the
presence of severe intoxication because of the combined effect of tuberculosis infection and alcohol
consumption.

MMWP are secondary endogenous toxins of a protein nature. Their appearance is associ-
ated with the activation of proteolytic enzymes in the blood and the violation of their elimination.
It is known that an increase in the MM WP fraction is regarded as a sign of the development of
endogenous intoxication in inflammatory processes [18-21].

The results of our study showed a significant increase level of MMWP in all groups and
especially in the group abusing alcohol. This indicates a high level of intoxication associated with
the combined effect of alcohol and TB infection.

Because of high biological activity of MM WP, the manifestations of the neurotoxic effects
of peptides, inhibition of protein biosynthesis, inhibition of the enzymes activity, impaired oxi-
dation and phosphorylation processes, and the occurrence of secondary immunosuppression are
possible in patients of the studied groups [22].

Limitations of the study. The present research was aimed at studying only immunological
changes (mainly the cellular component). The state of the humoral immunity link was not ade-
quately covered. Clinical and radiological features, the level of quality of life and the state of the
antioxidant defense system were also not discussed.

14
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Prospects for further research are aimed at a more detailed assessment of humoral im-
munity, the state of the oxidative stress-antioxidant defense system. It is also necessary to draw up
clinical and radiological portraits of the studied groups and evaluate the impact of different alcohol
consumption levels on the quality of life.

5. Conclusions

Thus, in groups of patients with FDTB and consume alcohol, even at low levels of its con-
sumption, there is a sharp dysregulation of the immune response. On the one hand, there is an
increase of non-specific inflammatory reactions, and on the other — a violation of the recognition
of infectious antigens when antigen-presenting cells cannot adequately to process and present the
antigen to phagocytes. This prevents the immune system from responding quickly, correctly eval-
uating and suppressing foreign agents. The highest level of immune response disorders is observed
in the group of patients who abuse alcohol with a possible risk of developing alcohol dependence.
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