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Aim: To evaluate immunological indices in HIV-infected patients with chronic hepatitis C
(CHC) who are injecting drug users.

Materials and methods: The study examined 38 patients coinfected with HIV and CHC who
were injecting drug users and 36 patients with HIV/CHC who were not injecting drug users. In
the study of immune status, the relative and absolute numbers of CD3+, CD4+, CD8+, CD16+,
and CD20+ cells were determined by means of flow cytofluorometry of “FACSCount” using
monoclonal antibodies of the company Becton Dickinson. The level of circulating immune
complexes in blood serum was determined by means of precipitation in polyethylene glycol
solution.

Results: It was found that T-cell immunodeficiency was developing in patients coinfected with
HIV and CHC. T-cell immunodeficiency was characterized by a decrease in the number of
T-helpers, mainly for injecting drug users. At the same time, patients coinfected with HIV and
CHC experienced markedly elevated levels of circulating immune complexes, mainly among
injecting drug users. The evaluation of immunogram indices in injecting drug users coinfected
with HIV and CHC, depending on the stage of HIV infection, revealed a greater degree of
immune-suppression of T-helper cells in clinical stage III.

Conclusion: Our comprehensive immunological study of patients coinfected with HIV and
CHC revealed a pronounced dysfunction of the immune system. The comparison of the immune
system indices in patients with HIV/CHC showed a more pronounced T-cell suppression in
injecting drug users than in patients with HIV/CHC but who were not injecting drug users.
Keywords: HIV infection, chronic hepatitis C, immunological indices, injecting drug users

Introduction
The relevance of the problem of HIV and hepatitis C is largely uncovered by common
epidemiological, social, and economic indices.'?

Currently, the activation of the immune system plays the leading role in the
pathogenesis of immunological disorders with HI'V, manifested by an increased rate
of proliferation of T- and B-lymphocytes.>

HIV infection exacerbates the severity and progression of liver disease associa-
ted with hepatitis C virus (HCV) infection. There is a clear link between disease
progression and decreased number of CD4 cells, which is considered as the main
feature of the pathogenesis of the disease. The distinguishing characteristic of HIV
infection is the profound immunodeficiency as a result of progressive qualitative and
quantitative insufficiencies of helper T-lymphocytes.® Dysfunction of the lymphocyte
helper inducers leads to spontaneous B-cell activation and development of polyclonal
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hypergammaglobulinemia at the cost of nonspecific immuno-
globulin (Ig) production.”®

Immunodeficiency state of HIV accelerates the progres-
sion of viral hepatitis. It can be linked with the defects in
various parts of the immune system: disturbance of antibody
production, cellular immunity disorders, defects in phagocy-
tosis, and the complement system.’

Thus, the study of the immune status of HIV infection
and viral hepatitis plays a key role as it largely establishes
the clinical approach.

As of January 1, 2015, it was estimated that there were
24,216 cases of HIV infection in Kazakhstan. In particular,
on November 1, 2015, Karaganda region of Kazakhstan
registered 4,286 HIV-infected patients at its dispensary.
Meanwhile, the overall figure of HIV-infected individuals
with HCV in Karaganda region comprised 1,098 people.'’

In Kazakhstan, the high levels of HCV infection in HIV-
infected patients can be explained by a significant prevalence
of intravenous drug over a sexual infection route. This fact is
explained by the drug epidemic that swept Kazakhstan in the
late 1990s, which led to HIV infection by intravenous admin-
istration of psychoactive substances in 70%—-80% of cases. In
this regard, the dominant cause of HIV infection and concomi-
tant infection with HCV was the use of intravenous drugs.

The aim of this research was to evaluate immunological
indices in HIV-infected patients with chronic hepatitis C
(CHC) who are injecting drug users.

Materials and methods

Study design: open and nonrandomized. The study had been
approved by the Karaganda State Medical University Ethics
Committee. Written, informed consent was obtained from
all patients.

Database research: Karaganda Regional Center for the
Prevention and Control of AIDS.

Criteria to assign to the study groups included age,
18 years old and above; a verified diagnosis of HIV infec-
tion and CHC; and an informed consent to the examination.
Exclusion criteria spelled out the following: age younger
than 18 years old, patients with nonviral etiology of liver
disease, alcohol abuse, patients with the presence of cancer,
and severe mental and neurological pathology.

The study included 38 patients coinfected with HIV and
CHC who were injecting drug users. To draw a comparison
of immunological indices, 36 patients with HIV/CHC but not
injecting drug users were concurrently examined.

In patients who used injecting drugs, only an intravenous
injection of drugs was marked; however, the abuse drug by

the intranasal route was not defined. The abuse drug by the
intranasal route was not marked in patients who were not
injecting drug users.

The patients’ description is presented in Table 1. In gene
ral, the study groups were comparable (P>0.05).

The average age of injecting drug users with HIV/CHC
was 31.110.6 years (median 30.0 years) while the average
age of patients with HIV/CHC but not injecting drug users
constituted 33.4%0.7 years (median 33.5 years). Sex compo-
sition of the group featuring injecting drug users with HIV/
CHC consisted of 32 males (84.2%) and six females (15.8%).
The sex distribution of the group of patients with HIV/CHC
but not injecting drug users had a ratio of 29 (80.6%) versus
seven (19.4%), respectively.

Our study was conducted prior to the therapy. Moreover,
the patients essentially were in stage [ and Il of HIV infection
without clinical CHC, and they had early stages of fibrosis.
It should be noted that patients coinfected with HIV/CHC
require individual approach that will take into account their
state of immunodeficiency. Patients were followed up in
view of their further treatment. Highly active antiretroviral
therapy (HAART) was prescribed for HIV/CHC coinfected
patients with number of CD4-lymphocytes <350 cells/uL.
According to European standards and recommendations, the
priority (a first primary) order of antiviral therapy is given to
patients with stage F3—F4 of liver fibrosis.

The control group included 20 healthy subjects. In the
control group, the mean age was 32.3%1.0 years (median 32.0

Table | Characteristics of coinfected HIV/CHC patients

Indices Patients with HIV/CHC P-value
Injecting drug  Patients who
users are not injecting
(n=38) drug users
(n=36)
Mtm Mtm
Age, years 31,1406 33.440.7 0.1184
(Me 30.0) (Me 33.5)
Sex
Male 32 (84.2%) 29 (80.6%) 0.7588
Female 6 (15.8%) 7 (19.4%) 0.8900
Duration of the 43+0.3 4.4+0.3 0.8168
disease, years
HIV viral load
<100,000 copies/mL 27 (71.1%) 29 (80.6%) 0.3840
>100,000 copies/mL |1 (28.9%) 7 (19.4%) 0.6399
HCV viral load
<800,000 IU/mL 25 (65.8%) 26 (72.2%) 0.6451
>800,000 IU/mL 13 (34.2%) 10 (27.8%) 0.7616
Smoking 8 (21.1%) 11 (30.6%) 0.6332

Abbreviations: CHC, chronic hepatitis C; HCV, hepatitis C virus; Me, median; M,
arithmetic mean; m, standard error of the arithmetic mean.
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years) while sex distribution comprised 16 males (80.0%)
and four females (20.0%).

The study involved general clinical research methods
(examination of the patient’s medical history, the analysis
of peripheral blood). The diagnosis of HIV was verified by
immune blotting (Innogenetics, Ghent, Belgium) based on
the test system “NEW LAV BLOT”. Verification of hepati-
tis C was conducted by means of an enzyme immunoassay
(anti-HCV) employing the apparatus spectrophotometer
Bio-Rad (Bio-Rad Laboratories Inc., Hercules, CA, USA)
and using the reagents of Vector-Best (Novosibirsk, Russia;
D-0770, D-0771, D-0772). Regarding the RNA detection
of HCV and the determination of virus titer and the number
of copies, the method of polymerase chain reaction (Rotor-
Gene; Corbett Research, Sydney, NSW, Australia) was applied
using the reagents with hybridization-fluorescence detection
AmpliSens® HCV-FL (InterLabService, Moscow, Russia;
D-0798, D-0799).

In the study of immune status, the relative and absolute
numbers of CD3+, CD4+, CD8+, CD16+, and CD20+
cells were determined by means of flow cytofluorometry of
“FACSCount” using monoclonal antibodies of the company
Becton, Dickinson and Company (Franklin Lakes, NJ, USA;
reagent kit BD FACSCount™ Reagents # 340167, LOT

41442121). We also have calculated immunoregulatory
index (CD4+/CD8+ ratio).!!1? Identification of the serum
IgA, IgM, and IgG was conducted through enzyme immu-
noassay. The level of circulating immune complexes (CIC)
in the serum was determined by precipitation in polyethylene
glycol solution.

The degree of immunological changes was estimated
by the formula by Zemskov.!* For example, in compared
groups of HIV/CHC patients who use injecting drugs with
control group of healthy subjects: “Patient’s index” divided
by “Healthy person’s index” minus 1 multiply by 100%. If the
estimated amount had a minus symbol, the immunodeficiency
was diagnosed; if there was a plus symbol, hyperactivity of
immune system was diagnosed.

Statistical methods

The evaluation of the distribution for normality was carried
out using indicators of skewness and kurtosis. The distribution
of indices in two groups was normal, and so Student’s /-test
was used to assess the differences. Statistical processing of the
results was completed with the help of the software package
Statistica 6 (Dell Statistica, Tulsa, OK, USA) and determined
the arithmetic mean, standard error of the arithmetic mean,
standard deviation, and median.

Table 2 Comparative data of immunological indices in patients coinfected with HIV/CHC

Indices Control group of healthy

Patients with HIV/ICHC P P P

subjects Injecting drug users Patients who are not
(n,=20) (n,=38) injecting drug users
(n,=36)

M+tm M+tm Mim
Lymphocytes, % 30.6%1.0 27.4+1.2 31.1£1.6 0.0878 0.8296 0.0729
Leukocytes, 10°/L 6.840.3 4.7+0.2 4.840.3 0.0001 0.0001 0.7611
CD3+ % 65.4+1.4 56.2+0.8 59.4+0.8 0.0001 0.0002 0.0070
CD3+, 10°/L 1.41£0.05 0.91+0.05 1.08+0.06 0.0001 0.0003 0.0233
CD4+, % 45.5+1.3 26.2+0.7 30.1+0.8 0.0001 0.0001 0.0005
CD4+, 10°/L 0.95+0.06 0.43+0.04 0.61+0.04 0.0001 0.0001 0.0015
CD8+, % 24.6+1.2 43.910.5 40.610.7 0.0001 0.0001 0.0002
CD8+, 10°/L 0.52+0.04 0.93+0.03 0.57+0.03 0.0001 0.3237 0.0001
CD4+/CD8+ 1.9310.11 0.60+0.02 0.75+0.02 0.0001 0.0001 0.0001
CDI6+ % 14.9+1.2 10.51£0.6 12.410.4 0.0008 0.0180 0.0117
CDI6+, 10°/L 0.42+0.05 0.20+0.01 0.25+0.01 0.0001 0.0001 0.0006
CD20+, % 13.1£0.7 25.2+0.6 21.81£0.5 0.0001 0.0001 0.0001
CD20+, 10°/L 0.39+0.02 0.78+0.03 0.63+0.04 0.0001 0.0001 0.0056
IgA, g/L 2.06+0.16 1.87+0.08 2.0440.10 0.2472 0.9132 0.1930
IgM, g/L 1.56+0.13 1.6510.12 1.6410.12 0.6512 0.6810 0.9548
1gG, g/L 11.28+0.48 13.35+0.62 12.69+0.48 0.0301 0.0595 0.4074
CIC, standard units 93.2+2.1 568.3+30.5 402.3+28.0 0.0001 0.0001 0.0002

Notes: The significance of differences in the two groups of indices: P _,, in healthy subjects and injecting drug users; P, in healthy subjects and patients who are not injecting

drug users; P, ,, injecting drug users and patients who are not injecting drug users.

Abbreviations: CHC, chronic hepatitis C; CIC, circulating immune complexes; M, arithmetic mean; m, standard error of the arithmetic mean.
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Results

The study conducted a comparative evaluation of immuno-
logical indices in injecting drug users coinfected with HIV/
CHC and patients with HIV/CHC but not injecting drug
users (Table 2).

As aresult of the comparative evaluation of the obtained
data, it was found that there were marked changes among
the majority of immune status indices in injecting drug users
with HIV/CHC and in patients with HIV/CHC but not inject-
ing drug users. Similarly, when analyzing the hemograms of
patients with HIV/CHC, the number of lymphocytes and leu-
kocytes did not differ significantly as well (P, ,>0.05). The
examination of injecting drug users revealed decreased mean
values of CD3+ cells and CD4+ cells by 5.39% (P, ,<<0.01)
and 12.96% (P, ,<<0.001). However, injecting drug users
showed a reduction in the relative number of CD16+ cells
by 15.32% (P, ,<<0.05). Injecting drug users with HIV/CHC
recorded higher levels of CD8+ cells and CD20+ cells by
8.13% (P, ,<<0.001) and 15.60% (P, ,<<0.001) compared to
the corresponding indices of patients with HIV/CHC but not
injecting drug users. At the same time, injecting drug users
experienced a decreased value of immunoregulatory index
(CD4+/CD8+ ratio) by 20.00% (P, ,<<0.001). In addition to
the cellular composition, the study investigated the indices of
humoral immunity, in particular the levels of IgA, IgM, IgG,

and CIC in the blood serum. The average values of IgA, IgM,
and IgG in patients with HIV/CHC did not differ significantly
(P, ;>0.05). Injecting drug users had a significant increase
in the level of CIC by 41.26% (P, ,<0.001).

In the course of further research, the study undertook a
comparative evaluation of immunological indices in injecting
drug users coinfected with HIV/CHC depending on the
clinical stage of HIV infection (Table 3).

The stage of HIV infection was determined according to
the clinical classification of World Health Organization.' In
view of this, the distribution among injecting drug users with
HIV/CHC depending on the clinical stage of HIV infection
was as follows: clinical stage I, 15 (39.5%) patients; stage 11,
11(28.9%); and stage 111, 12 (31.6%). Among those surveyed,
patients with clinical stage IV were absent.

The comparative evaluation of the immunogram results
among injecting drug users with HIV/CHC found no marked
differences between indices of clinical stages I and II. The
numbers of lymphocytes and leukocytes of patients with
stage I or II did not vary significantly (P, ,>0.05). Thus,
patients with stage II showed a reduction in the content of
CD4+ cells by 14.19% (P, ,<0.05). At the same time, with
reference to the immunoregulatory index of (CD4+/CD8+
ratio), a decrease of 15.28% (P, ,<<0.05) was recorded for
patients with stage II. However, the examination of CD3+,

Table 3 Immunological indices of injecting drug users coinfected with HIV/CHC depending on the clinical stage of HIV infection

Indices Control group

Patients with HIV/ICHC P P P

2-3 3-4 2-4

of healthy (injecting drug users)

subjects Stage | Stage Il Stage Il

(n=20) (n,=15) (n=11) (n=12)

M+tm M+tm M+tm M+tm
Lymphocytes, % 30.6+1.0 27.3t1.4 31.3x1.6 24.1+0.9 0.0743 0.0008 0.0823
Leukocytes, 10°/L 6.8+0.3 5.1+0.4 4.9+0.2 4.11£0.2 0.5742 0.0260 0.0598
CD3+ % 65.4t1.4 59.2t1.3 56.0+2.0 53.3t1.2 0.2052 0.2588 0.0071
CD3+, 10°/L 1.41+0.05 1.04+0.05 0.91+0.07 0.83+0.06 0.1394 0.3935 0.0181
CD4+, % 45.5+1.3 30.3£1.1 26.0+1.2 23.3%£1.0 0.0147 0.0989 0.0001
CD4+, 10°/L 0.95+0.06 0.6110.06 0.36+0.06 0.33+0.06 0.0075 0.7356 0.0026
CD8+, % 24.6x1.2 42.3+0.8 43.2%1.1 46.310.5 0.5023 0.0123 0.0006
CD8+, 10°/L 0.52+0.04 0.83+0.06 0.86+0.05 1.10£0.05 0.7050 0.0029 0.0021
CD4+/CD8+ 1.9340.11 0.72+0.03 0.61£0.03 0.50+0.02 0.0152 0.0057 0.0001
CDI6+ % 14.9+1.2 11.240.7 10.2£1.0 10.4%1.2 0.3873 0.8993 0.5371
CDI6+, 10°/L 0.42+0.05 0.22+0.03 0.20£0.01 0.21£0.01 0.5379 0.5556 0.7477
CD20+, % 13.1£0.7 23.8+0.6 25.2+0.4 26.5+0.6 0.0720 0.1159 0.0033
CD20+, 10°/L 0.39+0.02 0.69+0.05 0.79+0.04 0.85+0.05 0.1543 0.3807 0.0449
IgA, g/L 2.06+0.16 2.00+0.12 1.9540.16 2.04+0.12 0.7973 0.6518 0.8134
IgM, g/L 1.5610.13 1.5940.14 1.68+0.16 1.66+0.20 0.6667 0.9392 0.7679
IgG, g/L 11.28+0.48 12.61+0.72 13.62+0.57 13.82+0.60 0.3098 08113 0.2228
CIC, standard units 93.2+2.1 570.2£51.2 485.0+55.5 650.0+37.8 0.2760 0.0211 0.2420

Notes: The significance of differences in the two groups of indices: P, ;, in patients with stage | or II; P, , in patients with stage Il and Ill; P, , patients with stages

Iand Il

Abbreviations: CHC, chronic hepatitis C; CIC, circulating immune complexes; Ig, immunoglobulin; M, arithmetic mean; m, standard error of the arithmetic mean.
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CD&+, CD16+, and CD20+ cells of patients with stage I or II
revealed no appreciable differences (P, ,>0.05). Likewise,
in both stages, no significant alterations of IgA, IgM, and
IgG (P, ,>0.05) in the study of humoral immunity of blood
serum were found. In addition, the analysis of indices of the
CIC in the two stages did not determine any considerable
differences (P, ,>0.05).

The analysis of the immunogram indices of injecting
drug users at stages Il and III revealed the following changes:
patients with stage 11l in comparison with those with stage 11
showed a decreased number of lymphocytes and leukocytes
by 23.00% (P, ,<0.001) and 16.33% (P, ,<0.05), respec-
tively. It also revealed the increase of 7.18% (P, ,<<0.05) in
CD8+ cells in patients with stage III when compared with
stage II patients. The CD4+/CD8+ ratio in patients with
stage I1I of the disease was reduced by 18.03% (P, ,<0.01).
Along with this, there was an increase in the level of the
CIC in patients with stage III compared to that of patients
in stage II by 34.02% (P, ,<<0.05). The assessment of the
contents of CD3+, CD4+, CD16+, and CD20+ cells revealed
no significant alterations (P, ,>0.05). In the study of IgA,
IgM, and IgG in the blood serum at comparable stages, no
marked changes were detected (P, ,>0.05).

The greatest changes of immunological indices in injecting
drug users were observed between clinical stage I and clinical
stage III of HIV infection. Hemogram results revealed that
the number of leukocytes and lymphocytes in patients with
stages I and III were not notably different (P, ,>0.05). Thus,
the relative number of CD3+ and CD4+ cells in patients with
stage III as compared with that in patients with stage I was
reduced by 9.97% (P, ,<0.01) and 23.10% (P, ,<0.001),
respectively. Concurrently, the relative number of CD8+ cells
increased by 9.46% (P, ,<<0.001) and CD20+ cells went up
by 11.34% (P, ,<<0.01), accordingly. Moreover, there was a
decrease of 30.56% (P, ,<0.001) in CD4+/CD8+ ratio in
patients with stage Il compared with that of patients with stage
1. The average value of CD16+ cells in both stages did not alter
drastically (P, ,>0.05). Determination of levels of the three
major immunoglobulin classes in the serum showed that the
average content of IgA, IgM, and IgG antibodies in patients in
both stages did not vary markedly (P, ,>0.05). When evaluat-
ing the content of the CIC in patients with stages I and III, no
significant distinctions were found (2, ,>0.05).

Discussion

The evaluation of the obtained data revealed significant
changes in the number of immune status indices in patients
coinfected with HIV/CHC who were injecting drugs users
and patients with HIV/CHC who were not injecting drug

users. The main immunological marker for monitoring HIV
infection remains the level of CD4+ cells.'!® Development
of a helper T-cell immunodeficiency was found in the study
of the immune status in patients coinfected with HIV/CHC,
especially for injecting drug users. Simultaneously, it was
revealed that the relative number of CD8+ cells grew, which
denoted immunodeficiency.'”'®

An important indicator is the regulatory index, that is,
the ratio of the percentage of helper/suppressor (CD4+/
CDB8+), which is often reduced with immunodeficiency being.
Thus, reduction of CD4+ cells and increase of CD8+ cells
in patients with HIV/CHC decreased the immunoregulatory
index (CD4+/CD8+ ratio), exhibiting a helper immunodefi-
ciency and supporting the findings of other researchers.!®"°

The reduction of relative number of CD16+ cells in
“injecting drug users” can be regarded as a significant sup-
pression of the natural cytotoxicity, indicating insufficiency
of antiviral protection in patients with HIV/CHC.

Infectious process of HIV, occurring as a consequence
of disorders of the immune regulation, leads to impaired
immunity, which gradually progresses and becomes severe.
With the progression of the disease, the number of CD4+
cells is reduced.?*?! In addition to reduction in the number
of CD4+ cells in patients coinfected with HIV/CHC, other
changes were observed in the immunograms. In particular,
there was an increase in the number of CD20+ cells, espe-
cially for injecting drug users.

The research of the humoral immunity also involved the
measurement of IgA, IgM, and IgG classes of immunoglobu-
lins and CIC in the serum. Through researches, most of the
patients with coinfected HIV/CHC were in early clinical
stages of HIV infection (68.4%). Alongside with this, an
asymptomatic state of the disease, minimal, and medium
degree of infection process activity had been noticed in these
patients. However, it has been established that immunoglobu-
lin indices in the examined patients changed depending on the
stages of HIV infection. Thus, the average values of IgM and
IgG rose depending on the clinical stage of HIV infection.

Markedly elevated levels of CIC in the blood serum
were the most characteristic changes in the immunograms
of patients coinfected with HIV/CHC, especially for inject-
ing drug users. An immunodeficiency state in patients with
HIV/CHC occurs not only by impaired cellular immunity but
also by deficiency of phagocytic and complement systems.
The recruitment of CIC in blood of HIV/CHC patients is
determined by decreased functional activity of macrophage
phagocytizing system, whereas these particular mechanisms
provide CIC elimination from blood flow.?! The cause of
CIC level elevation in blood is also a long-lasting persistent
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infection of CHC in HIV patients.?>?* A wide range of
immune system impairments in examined patients worsens
as combined with HIV infection and CHC.

Comparative analysis of immunogram results of injecting
drug users coinfected with HIV/CHC depending on the stage
of HIV infection showed that the greatest changes in indices
were observed between asymptomatic clinical stage I and
clinical stage III. A large degree of immune-suppression of
T-helper cells was herewith observed in clinical stage II1.

Currently, a series of similar studies on immune system in
patients with HIV monoinfection and HCV monoinfection in
comparison with HIV/HCYV coinfection are conducted, which
predetermine further course of diseases.!**'**%” That said,
immune status evaluation demonstrates pronounced immu-
nodeficiency state of patients with HIV/HCV coinfection
in comparison with HCV monoinfection. Along with this,
studies?®? on patients with HIV/HCV coinfection showed
correlation between low level of CD4 cells and later stages of
liver fibrosis. In other studies,!>*° it has been established that
as quantity of CD4 cells reduces, progression of liver fibrosis
in coinfected HIV/HCV patients has been noted.

Conclusion

Our comprehensive immunological study of patients coin-
fected with HIV and CHC revealed a pronounced dysfunction
of immune system. The comparison of the immune system
indices in patients with HIV/CHC showed a more pronounced
T-cell suppression in injecting drug users than in patients with
HIV/CHC but who were not injecting drug users. The degree
and range of immune disorders in injecting drug users with
HIV/CHC depend on the stage of HIV infection.
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