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The purpose of the work is to carry out a comparative 
analysis of epidemiological, clinical and individual laboratory 
parameters of groups of patients with HIV infection 
associated with tuberculosis (TB) and TB monoinfection.

Patients and methods. A comprehensive immunological 
examination was performed on 231 patients, including 155 
HIV-infected with active newly diagnosed tuberculosis and 
76 on tuberculosis alone. The HIV/TB group was divided 
into 3 subgroups depending on the time of TB accession 
to HIV infection.

The levels of interleukin-4 (IL-4) and interferon-γ (IFN-γ) 
were compared for groups with co-infection with HIV/TB 
and patients with TB monoinfection.

Results. In associated HIV/TB infection, the level of 
CD4+T-lymphocytes is significantly lower compared to 
patients with TB monoinfection.

In the HIV/TB group, it was established the presence 
of a medium feedback force between the number of CD4+T-
lymphocytes and the serum concentration of IFN-γ 
(correlation coefficient r=-0.36, confidence level P<0.05); 
weak direct relationship between viral load and serum IFN-γ 
concentration (r=0.25, P<0.05); medium strength inverse 
relationship between the number of CD4+T-lymphocytes 
and the level of viral load (r=-0.44, P<0.01). In the group 
with TB monoinfection, no correlation was found between 
the number of CD4+T-lymphocytes and cytokine parameters.

Conclusions. In associated HIV/TB infection, CD4+T-
lymphocyte counts are significantly lower than in patients 
with TB only.

As HIV infection progresses (decrease in CD4+T-
lymphocytes and increase in HIV load), there is an increase 
in serum IFN-γ and IL-4, which probably indicates a 
decrease in the number of anti-inflammatory T-regulatory 
cells, or a decrease in their suppressor activity.

Key words: HIV infection; tuberculosis; CD4+T-
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Immunological links in the pathogenesis of tuberculosis 
and HIV infection are very complex and insufficiently 
studied. Reducing the number of CD4+T-lymphocytes in 

HIV infection significantly increases susceptibility to 
tuberculosis infection or reactivation of initially latent 
tuberculosis infection [1].

In addition, foreign authors point to the important role 
of cytokines in the pathogenesis of HIV infection. Such 
studies in the combined pathology of HIV/TB in the domestic 
literature is quite small, and foreign studies are usually very 
controversial [2, 3]. Thus, some authors claim that the 
peripheral blood cells of patients with dual infection produce 
a greater number of IL-4, IL-8 than patients with tuberculosis 
or HIV monoinfection, which contributes to the rapid 
reproduction of HIV [4]. Other authors point out that in HIV-
associated tuberculosis, the level of both Th-1 and Th-2 
cytokines is suppressed [5].

The purpose of the work – to carry out a comparative 
comprehensive immunological examination of HIV-infected 
and immunocompetent patients with active tuberculosis.

Patients and methods
231 persons were examined – 184 (79.7 %) men and 47 

(20.3 %) women aged 23 to 60 years. The mean age was 
(38.8±1.2) years.

All patients were subjected to a comprehensive laboratory 
examination and divided into the following groups.

I. Uninfected HIV (immunocompetent) individuals with 
active newly diagnosed tuberculosis – 76 patients (TB group).

II. HIV-infected with active newly diagnosed tuberculosis 
– 155 patients (HIV/TB group). Within the group of HIV/TB, 3 
subgroups were identified depending on the time of TB 
accession to HIV infection:

Subgroup 1 – HIV-infected, in which at different stages 
of HIV infection (primary disease) was detected TB – 72 pa-
tients;

Subgroup 2 – persons in whom for several years prior to 
the registered HIV infection and the time of hypothetical 
infection (according to the epidemiological history) TB was 
diagnosed, that is, the primary disease was TB – 26 people;

Subgroup 3 – HIV-infected, in which the disease was 
registered at about the same time and it was impossible to 
determine which disease was primary – 57 people.
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We compared CD4+T-lymphocyte counts, levels of IL-4, 
IFN-γ for groups with combined HIV/TB infection and patients 
with TB monoinfection. Immune status was studied in a group 
of HIV/TB patients within 3–6 months from the time of diagnosis 
of the associated infection.

Statistical processing of the results of the study was 
performed using Windows, Word and Excel software; 
STATISTICA 6.0 using the method of variation statistics with 
the determination of reliability using Student’s test, and when 
the number of observations is less than 20 used the 
nonparametric method of Wilcoxon for independent 
populations, or Kraskel-Wallis analysis of variance. The Mann-
Whitney U test was used to compare the two independent 
groups [6]. Differences were considered statistically significant 
at P<0.05. Spearman’s rank method was used for correlation 
analysis [7].

Research results and their discussion
The average number of CD4+T-lymphocytes was 

significantly lower in the group of HIV/TB – (389.1±24.5) 
cells/mm3 than in patients with TB alone – (542.2±27.4) 
cells/mm3 (P<0.001).

When comparing CD4+T-lymphocytes in patients with 
primary TB with combined infection in three subgroups 
depending on the time of TB accession, it can be noted that 
the patterns characteristic of the whole group of HIV/TB can 
be traced for all three subgroups compared to monoinfection 
(P<0, 05-0.01).

For caseous pneumonia, spontaneous production of 
IL-4 was higher – (7.1±1.0 pg/ml/106) in the group of HIV/
TB compared with TB monoinfection – (3.2±0.6) pg/ml/106 
(P<0.05), and spontaneous production of IFN-γ also 
exceeded the corresponding figure in patients with TB only 
– (90.7±32.6) pg/ml/106 against (7.3±1.1) pg/ml/106 
(P<0.001).

The results of the study of the level of cytokines – serum 
concentration and spontaneous production of IL-4, IFN-γ 
in the groups of HIV/TB and patients with TB only were 
analyzed. Simultaneously with the study of cytokine levels, 
the load of HIV in patients with various forms of TB was 
also determined.

Differences were observed in different forms of TB. 
Thus, in focal TB, the serum concentration of IL-4 was higher 
in combined HIV/TB infection than in TB monoinfection – 
(2.8±1.2) pg/ml against (1.5±0.2) pg/ml (P<0.05), and the 
serum concentration of IFN-γ is lower – (24.2±8.9) pg/ml 
against (50.6±9.4) pg/ml (P<0.05). The viral load (VL) of 
HIV was the lowest – (33115±9896 copies/ml, Table 3).

In infiltrative TB in the group with combined infection, 
the serum concentration of IL-4 was significantly higher than 
in TB monoinfection – (3.8±0.7) pg/ml against (1.5±0.3) pg/
ml (P<0.05). The viral load was quite high – (201834±53984) 

copies/ml (high VL is considered at the level of >100 
thousand copies/ml).

In the case of FCT, the level of serum concentration of 
IL-4 in the HIV/TB group was (3.2±0.9) pg/ml, which 
significantly exceeded this figure in patients with TB only 
– (1.5±0.3) pg/ml (P<0.05), and the serum concentration of 
IFN-γ was also significantly higher – (177.6±40.2) pg/ml 
against (14.6±2.7) pg/ml (P<0.001). HIV VL remained 
moderately elevated – (94880±18472) copies/min.

For disseminated TB, there were no significant dif-
ferences in the level of IL-4 in the compared groups. But 
the spontaneous production of IFN-γ in patients with 
associated infection was (16.9±3.4) pg/ml/106, which 
significantly exceeded this figure in TB monoinfection –  
(4.2±0.7) pg/ml/106 (P<0.001). The viral load of HIV was re
gistered at a very high level – (635262±147254) copies/ml.

In generalized TB, serum concentrations of IL-4 and 
IFN-γ were statistically significantly higher in the group of 
HIV/TB – (2.7±0.7) pg/ml and (223.6±62.3) pg/ml compared 
with monoinfection – (1.2±0.2) pg/ml and (18.8±3.0) pg/ml, 
respectively (P<0.05 and P<0.001, respectively). 
Spontaneous production of IFN-γ in all HIV/TB patients was 
not determined, and in patients with TB monoinfection 
remained low – (4.6±0.8) pg/ml. Viral load was recorded at 
the highest level – (963482±92114) copies/ml.

For extrapulmonary TB, significant differences were 
found between the group of HIV/TB and TB monoinfection 
by the level of serum concentration of IFN-γ – its level was 
significantly higher in the group of HIV/TB – (286.1±70.8) 
pg/ml compared with the group of patients only on TB – 
(71.7±8.2) pg/ml (P<0.001). HIV viral load was also very high 
in this form of combined TB – (726130±99183) copies/ml.

In general, the levels of IL-4 in both serum and 
spontaneous production showed only a tendency to 
increase in the HIV/TB group, compared with the group of 
patients with TB only. Serum IFN-γ concentration was 
significantly higher in the HIV/TB group than in TB 
monoinfection – (168.6±41.7) pg/ml versus (79.4±15.3) pg/
ml, respectively (P<0.05).

During the correlation analysis of the obtained data on 
the level of cytokines, CD4+T-lymphocytes, viral load (used 
Pearsen’s parametric analysis and non-parametric 
Spearman’s) in the group of HIV/TB found the presence of:

– the average feedback between the number of CD4+T-
lymphocytes and the serum concentration of IFN-γ 
(correlation coefficient r =-0.36, confidence level P<0.05);

– the average strength of the inverse relationship 
between the number of CD4+T-lymphocytes and the level 
of viral load (r =-0.44, P<0.01).

In the group with TB monoinfection, no correlation was 
found between the number of CD4+T lymphocytes and 
cytokine parameters.
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Conclusions
1. In associated HIV/TB infection, CD4+T-lymphocyte 

counts are significantly lower compared to patients with TB 
monoinfection.

2. As HIV infection progresses (decrease in CD4+T-
lymphocytes and increase in HIV load), there is an increase in 
serum IFN-γ and IL-4, which probably indicates a decrease in 

the number of anti-inflammatory T-regulatory cells, or a 
decrease in their suppressive activity.

3. Signs of progression of combined HIV/TB infection 
should be considered a rapid decrease in the number of CD4+T 
lymphocytes, an increase in the load of HIV, an increase in 
serum IL-4 and IFN-γ.

Table 1

Levels of IL-4, IFN-γ and VL (for HIV +) in the HIV/TB and TB groups depending on the form of tuberculosis

Form of TB

HIV/TB, n=155 TB monoinfection, n=76

IL-4 IFN-γ

VL, copies/ml

IL-4 IFN-γ

serum,
pg/ml

spont., 
pg/ml/106

serum,
pg/ml

spont., 
pg/ml/106

serum,
pg/ml

spont., 
pg/ml/106

serum,
pg/ml

spont., 
pg/ml/106

1-1 1-2 1-3 1-4 2-1 2-2 2-3 2-4

1. Focal 2.8±1.22-1 14.5±6.3 24.2±
8.92-3

0 33115±9896
2, 3, 4, 5, 6, 7

1.5±
0.21-1

12.8±7.2 50.6±
9.41-3

41.7±
10.4

n 24 8

2. Infiltrative 3.8±0.72-1 3.6±0.4 137.7±
29.8

93.9±
24.5

201834±53984
1, 3, 4, 5, 6, 7

1.5±
0.31-1

3.4±0.4 111.6±
21.1

123.6±
14.7

n 49 14

3. Caseous 
pneumonia

1.7±0.4 7.1±1.02-2 204.5±
58.4

90.7±
32.62-4

92450±22890
1, 2, 5, 6, 7

1.4±0.4 3.2±0.61-2 183.7±
42.9

7.3±
1.11-4

n 18 6

4. FCT 3.2±0.92-1 3.7±0.8 177.6±
40.22-3

6.7±1.9 94880±18472
1, 2, 5, 6, 7

1.5±
0.31-1

3.5±0.7 14.6±
2.71-3

8.2±
2.0

n 6 12

5. Disseminated 1.8±0.5 4.1±0.9 126.5±
21.3

16.9±
3.42-4

635262±147254
1, 2, 3, 4

1.6±
0.2

3.9±0.7 104.8±
19.5

4.2±
0.71-4

n 28 14

6. Generalized 2.7±0.72-1 2.8±0.9 223.6±
62.32-3

0 963482±92114
1, 2, 3, 4

1.2±
0.21-1

3.2±1.0 18.8±
3.01-3

4.6±
0.8

n 11 4

7. Extrapulmonary 1.8±0.3 3.2±0.8 286.1±
70.82-3

24.4±6.3 726130±99183
1, 2, 3, 4

2.1±0.5 5.1±1.9 71.7±
8.21-3

19.8±
5.2

n 19 18

Together 2.5±0.6 5.6±1.6 168.6±
41.72-3

33.2±9.8 392450±63399 1.5±0.3 5.0±1.8 79.4±
15.31-3

29.9±5.0

Note. The superscript numbers in the VL column indicate a significant difference (P<0.001) between the forms of TB indicated 
by the numbers from 1 to 7.
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ХАРАКТЕРИСТИКА ДЕЯКИХ 
ІМУНОЛОГІЧНИХ ПОКАЗНИКІВ 
ВІЛ-ІНФЕКЦІЇ В ПОЄДНАННІ З 
ТУБЕРКУЛЬОЗОМ

В.Д. Москалюк, Т.Р. Колотило

Буковинський державний медичний університет

РЕЗЮМЕ. Мета роботи – здійснити порівняльний 
аналіз епідеміологічних, клінічних та окремих лабо-
раторних показників груп хворих на ВІЛ-інфекцію, 
поєднану з туберкульозом (ТБ), і ТБ-моноінфекцію.
Пацієнти і методи. Здійснили комплексне імуно-
логічне обстеження 231 хворого, зокрема 155 ВІЛ-
інфікованих з активним уперше виявленим тубер-
кульозом та 76 тільки на туберкульоз. Групу ВІЛ/
ТБ поділили на 3 підгрупи залежно від часу приєд-
нання ТБ до ВІЛ-інфекції.

Порівняли р івн і  інтерлейкіну-4 ( ІЛ-4)  та 
інтерферону-γ (ІФН-γ) для груп з поєднаною інфек-
цією ВІЛ/ТБ і хворих на ТБ-моноінфекцію.
Результати. При асоційованій ВІЛ/ТБ-інфекції рі-
вень СD4+Т-лімфоцитів достовірно нижчий, порів-
няно з хворими на ТБ-моноінфекцію. 
У групі ВІЛ/ТБ встановлена наявність середньої 
сили зворотного зв’язку між кількістю СD4+Т-
лімфоцитів і сироватковою концентрацією ІФН-γ 
(коефіцієнт кореляції r=-0,36, рівень достовірності 
Р<0,05); слабкого прямого зв’язку між рівнем вірус-
ного навантаження і сироватковою концентрацією 
ІФН-γ (r=0,25, Р<0,05); середньої сили зворотна 
залежність між кількістю СD4+Т-лімфоцитів і рів-
нем вірусного навантаження (r=-0,44, Р<0,01). У 
групі з ТБ-моноінфекцією кореляції між кількістю 
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СD4+Т-лімфоцитів і цитокіновими показниками не 
виявлено.
Висновки. При асоційованій ВІЛ/ТБ-інфекції показ-
ники СD4+Т-лімфоцитів достовірно нижчі, порівня-
но з хворими на ТБ-моноінфекцію.
У міру прогресування ВІЛ-інфекції (зниження кіль-
кості СD4+Т-лімфоцитів і наростання навантажен-
ня ВІЛ) спостерігається збільшення сироватково-
го вмісту ІФН-γ та ІЛ-4, що, ймовірно, свідчить про 
зменшення числа протизапальних Т-регуляторних 
клітин, або про зниження їх супресорної активнос-
ті. 
Ключові слова: ВІЛ-інфекція, туберкульоз, СD4+Т-
лімфоцити, інтерлейкін-4, інтерферон-γ, цитокіни.
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