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Abstract

AIM: To investigate the features of various blood-
borne virus infections and co-infection in intravenous
drug users (IDUs), and to examine the correlation of T
lymphocyte subsets with virus co-infection.

METHODS: Four hundred and six IDUs without any
clinical manifestation of hepatitis and 102 healthy
persons were enrolled in this study. HBV-DNA and
HCV-RNA were detected by fluorescence quantitative
PCR. HBsAg, HBeAg, anti-HBc, anti-HCV, HDV-Ag,
anti-HGV, anti-HIV, and HCMV-IgM were assayed by
enzyme-linked immunosorbent assay (ELISA) and
immunochromatographic tests. The levels of Thl and
Th2 cytokines were measured by ELISA and radioactive
immune assay (RIA). The T lymphocyte subpopulation
was detected by using fluorescence immunoassay. The
similar indices taken from the healthy persons served as
controls.

RESULTS: The viral infection rate among IDUs was
36.45% for HBV, 69.7% for HCV, 47.3% for HIV, 2.22%
for HDV, 1.97% for HGV, and 3.45% for HCMV. The co-
infection rate of blood-borne virus was detected in 255
of 406 (62.81%) IDUs. More than 80% (161/192) of
subjects infected with HIV were co-infected with the
other viruses, such as HBV, HCV. In contrast, among
the controls, the infection rate was 17.65% for HBV
and 0% for the other viruses. Our investigation showed
that there was a profound decrease in the proportion of
CD4/CD8 and the percentage of CD3 and CD4, but not
in the percentage of CD8. The levels of PHA-induced
cytokines (IFN-y and IL-4) and serum IL-2 were obviously
decreased in IDUs. On the other hand, the level of

serum IL-4 was increased. The level of IFN-y and the
percentage of CD4 were continuously decreased when
the IDUs were infected with HIV or HIV co-infection.
IDUs with HIV and HBV co-infection was 15.1% (29/192).
Of those 29 IDU with HIV and HBV co-infection, 51.72%
(15/29) and 37.93% (11/29) were HBV-DNA-positive and
HBeAg-positive, respectively. But, among IDUs without
HIV infection, only 1.68% (2/119) of cases were HBV-
DNA-positive.

CONCLUSION: HCV, HBV and HIV infections are
common in this population of IDU, leading to a high
incidence of impaired Th1l cytokine levels and CD4
lymphocyte. IDUs with HIV and HBV/HCV co-infection
have lower expression of Thl cytokine with enhancement
of the Th2 response. HIV may be causing HBV replication
by decreasing Th1l function.
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INTRODUCTION

Opioids addiction exists throughout the world and is a
major global public health and social problem. Intravenous
drug users (IDUs) represent a special subgroup of the
population who often share contaminated needles for
intravenous drug injection. Opiate use is known to alter
cell-mediated immunity and humoral immunity, and
impairs the activity of natural killer cells. Therefore, the
drugs injected into the body, by modulating the immune
response, may lead to immune tolerance to pathogens
and entry of the pathogens into the host!"l. In IDU,
an adequate level of information on the interaction of
blood-borne virus co-infection and the alteration of T
lymphocyte subsets has not been available so far, although
a few epidemiological studies and immune function studies

have reported in addicts in China. In the present study, we
conducted the epidemiological survey of HBV, HCV, HIV,
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and HGV and examined the association of the virus co-
infection with Th lymphocyte response in IDU.

MATERIALS AND METHODS
Study population

In this study, 508 serum samples, including samples from
406 IDUs (heroin addicts, 383 males and 23 females, mean
age 32.4 years, range 17-61 years) who had a history of
drug use (0.1-0.5 g/d) for 1-18 years and 102 controls (64
males and 38 females; mean age 30.5 years, range 18-58
years) in Southwestern China, were examined. All subjects
had no clinical manifestation of hepatitis. One hundred
and ninety-nine cases had shared needles with other drug
users. Informed consent for inclusion in this study was
obtained from each individual. The blood samples were
collected from 2002 to 2003 and sera were stored at -40°C
or below until use.

Viral marker detection

Samples were detected for markers of virus infection
(HBsAg, HBeAg, anti-HBc, anti-HCV, HDV-Ag, anti-
HGV and HCMV-IgM) by enzyme-linked immunosorbent
assay kit (ELISA, Kehua and Bosai, China). Serum
samples were also tested for HCV-RNA and HBV-DNA
by fluorescence quantitative polymerase chain reaction
(FQ-PCR Technologies, China). Samples were detected for
HIV1i/HIV2 infection markers by immunochromatographic
test kits (Abbott, USA).

Assay for PHA-induced cytokines and serum cytokines
Peripheral blood mononuclear cells (PBMCs) were isolated
from 3 mL of fresh heparinized blood samples obtained
from each subject by Ficoll centrifugation. The PBMCs
were suspended in RPMI 1640 (PHA-M added to 20
ng/mlL) and were placed in culture plates at 1 X 10° cells
pet well for proliferation and cytokine assays. Supernatants
were removed after 60-h incubation to determine IFN-y
and IL-4. The levels of IFN-y and I1.-4 were determined
by commercial ELISA kit (ELISA, Jingmei, Guangzhou).
The serum levels of 11.-2 and IL.-4 were determined
by radioactive immune assay (RIA, 3V Co., China). All
commercial kits were used following the manufacturet’s
instructions.

Assay for T lymphocyte subsets

T lymphocyte subsets were detected by means of fluo-
rescence immunoassay. CD-specific mAb and FTTC-con-
jugated goat anti-mouse IgG were purchased from Huamei
Biotechnical Company of Zhengzhou, China.

Statistical analysis

The results were analyzed by using Student’s £test and
Chi-square test, as appropriate. P < 0.05 was considered
statistically significant.

RESULTS

Prevalence and co-infection of blood-borne viruses
Among 406 IDUs, 283 (69.7%) were anti-HCV-positive;
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among these 283 anti-HCV-positive cases, 55 (19.43%)
were positive for HCV-RNA (2.98 x 10° - 2.25 x 10°
copies/L). Of 406 IDUs, 148 (36.45%) suffered from
HBYV infection (anti-HBc-positive); of these 148 cases, 12
(8.11%) and 17 (11.49%) had detectable serum HBeAg and
HBV-DNA (4.59 x 10° - 5 X 10" copies/L), respectively.
Out of 406 IDUs, 192 (47.3%) suffered from HIV
infection (anti-HIV-1/2-positive). The rate of HDV, HGV
and HCMV seroprevalence was lower than that of HCV/
HIV/HBV. The rate of virus co-infection was very high
(62.81%, 255/4006). In IDUs without infection markers,
serum HCV-RNA or HBV-DNA could not be detected.
Anti-HCV was not associated with HCV-RNA. Blood-
borne virus seropositivity among IDUs was associated
with needle sharing. Among 102 controls, HBV infection
rate was 17.65%, but no other blood-borne viruses were

detected (Table 1).

Cytokine levels and T lymphocyte subsets

The percentage of CD3/CD4 and the proportion of
CD4/CD8 wete obviously lower in IDUs (HIV-negative)
than in healthy controls (P < 0.01). The levels of PHA-
induced IFN-y and 1L-4 were lower in IDUs than in
healthy controls. The level of serum IL-2 was lower, but
IL-4 was higher (Table 2).

Co-infection of HIV and HBV

IDUs with HIV and HBV co-infection were 15.1% (29/192).
Twenty-four (5.91%) patients were HBsAg-positive and
12 of these (50%) had detectable HBeAg as a marker
for HBV replication. Serum HBV-DNA was detected in
17 of the 24 HBsAg-positive patients (70.83%), with a
mean concentration of 4.59 x 10° -5 x 10" copies/L.
Serological markers of HBV infection in all IDUs
according to the relation to HIV-infection are shown in
Table 3. Among 29 IDUs with HIV-infection, 15 (51.72%)
were HBV-DNA-positive and 11 (37.93%) were HBeAg-
positive. But, among IDUs without HIV infection, only
1.68% (2/119) cases were HBV-DNA-positive.

Co-infection and T lymphocyte subsets

Among 192 subjects with HIV infections, 29 (15.1%)
and 154 (80.21%) were co-infected with HBV and HCV,
respectively. In IDUs, HIV infection and co-existence of
HBV/HCV infection were related to the decreased level
of PHA-induced IFN-y and CD3/CD4 percentage. But
higher virus load was not correlated with lower IFN-y
level. Serum cytokines showed no significant difference
between HIV-infected IDUs and not-HIV-infected
IDUs. The IFN-y level and CD4 percentage showed no
significant difference between virus gene-positive IDUs
and virus gene-negative IDUs (Tables 4 and 5).

DISCUSSION

Drug abuse has spread quickly since reemerging as a
national problem in the world in the late 1970s. Addiction
spread like a plague, especially heroin abuse. One major
drug-related problem is the spread of HIV and HCV,
causing a major social and economic damage in many
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Table 1 Prevalence of HBV, HCV, HIV, HDV, HGV and HCMV in IDU and controls

Group HBsAg Anti-HBc HBeAg Anti-HCV Anti-HIV HDV-Ag Anti-HGV HCMV-IgM
IDU 24 (5.91)° 148 (36.45)° 12 (3.96) 283 (69.7)° 192 (47.3)° 9(222) 8 (1.97) 14 (3.45)
Control 1(0.98) 18 (17.65) 2 (1.96) 0(0) 0(0) 0 (0) 0 (0) 0(0)

P < 0.05, °P < 0.01 vs control.

Table 2 CD percentages and cytokine level in IDU and controls (mean + SD )

Group n CD3 (%) CD4 (%) CD8 (%) PHA-induced cytokine = PHA-induced cytokine  Serum cytokine  Serum cytokine
IFN-y (ng/L) IL-4 (ng/L) IL-2 (ug/L) IL-4 (ug/L)

IDU 214  57.96 +4.42° 41.63 +4.0° 29194267  286.9+45.79° 20.86 + 1.54° 1.74+1.34° 9.36 +5.48"

Control 102  66.50 + 9.42 44.90 + 8.56 3010 +6.89 7853 +213 28.90 +10.8 3.80 +1.59 0.78 +0.33

P <0.05, °P < 0.01 vs control.

Table 3 Correlation of HBV activity and HIV infection

Group HBV-DNA-positive®  HBV-DNA-negative HBeAg-positive” HBeAg-negative HBsAg-positive® HBsAg-negative
HIV-positive 15 14 11 18 17 12
HIV-negative 2 117 1 118 7 112

"P < 0.01 vs HIV-negative.

Table 4 CD percentages and cytokine level in IDU with HIV and HBV co-infection (mean + SD)

Group n CD3 (%) CD4 (%) CD8 (%) CD4/CD8 IFN-y (ng/L) IL-4 (ng/L)
Negative' 40 56.80 + 4.42 4190 +4.16 29.08 +2.85 144 +0.13 288.01 + 40.03 20.76 +1.87
HBV infection 29 58.85 +4.13 4157 £4.21 29.16 + 2.65 143 +0.14 289.82 + 42.56 20.94 +1.33
HIV infection 27 54.27 +4.23" 39.49 + 347" 28.98 +3.11 1.36 +0.15" 265.43 +38.71° 20.23 +1.34
HIV'HBV-DNA 30 53.95+3.77° 39.36 + 2.86° 28.91+2.35 1.36+0.13" 263.57 + 43.65" 20.84 +1.56
HIV'HBV-DNA* 15 53.68 + 4.41" 39.22 +3.53" 28.67 +3.14 1.37 £0.15" 262.83 + 38.74" 20.61 + 1.49

2P <0.05,"P < 0.01 vs negative cases. "Viral infection markers were not discovered in IDU.

Table 5 CD percentages and cytokine level in IDU with HIV and HCV co-infection (mean + SD)

Group n CD3 (%) CD4 (%) CD8 (%) CD4/CD8 IFN-y (ng/L) IL-4 (ng/L)
Negative' 40 56.80 +4.42 419+4.16 29.08 £2.85 144 £0.13 288.01 + 40.03 20.76 £1.87
HCV infection 45 58.23 £4.70 41.42 £3.65 29.33 £2.52 1.41+£0.12 282.86 + 54.77 20.88 £1.42
HIV infection 27 54.27 + 4.23 39.49 +3.47° 28.98 £3.11 1.36 £0.15" 265.43 +38.71" 20.23 £1.34
HIV'HCV-RNA 40 54.02 + 3.66" 39.29 +2.91° 28.81 £2.42 1.36 +0.13" 261.59 +43.68" 20.46 +1.38
HIV'HCV-RNA™ 25 53.82 £ 3.15" 39.51 £2.91* 28.58 £2.53 1.38 £0.13" 263.57 +43.65" 20.84 £1.56

*P <0.05, "P < 0.01 vs negative cases. 'Viral infection markers were not discovered in IDU.

countries. Opioids use is known to alter the function of
immune system, incretion system, and nervous system.
IDUs represent a special subgroup of the population who
often share contaminated needles for intravenous drugs
injection. The rate of blood-borne pathogens infection
in IDUs was considerably higher than in the non-IDU
population. Repeated co-infection with different viruses
probably is common in IDU". HBV, HCV, HIV and
HGYV share transmission routes. The viruses enter the
host by drug use through injection and blood transfusion.
Drug abuse has led to many problems, in particular HIV/

AIDS, HCV and sexual transmission diseases in China.
Heroin addicts have an increased susceptibility to a variety
of infectious diseases, and alterations in a wide variety
of immune parameters also have been reported among
them®.

Our data showed that the viral infection rates among
IDUs wete 36.45% for HBV, 69.7% for HCV, 47.3% for
HIV, 2.22% for HDV, 1.97% for HGYV, and 3.45% for
HCMV. In contrast, among the controls, the infection rates
were 17.65 % for HBV and 0% for the other viruses. A

highet petcentage (69.7%/47.3%) of HCV/HIV infection
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was observed. Only 45 (11.08%) of the subjects had no
blood-borne virus infection, whereas 361 (88.92%) were
infected with one or more than one viruses. These results
are in agreement with the findings reported recently'.

Specific antiviral immunity includes two effectors
mechanisms: cellular immune response and humoral
immune responses. In general, effectors CD4 and CD8 T
cell responses subside as the virus infection is resolved,
but antibody production can last for several months to
years. Viruses are small, obligate intracellular parasites
which cause infection by invading cells of the body
and replication within them. Cell-mediated immune
response plays a very important role in the resistance and
prophylaxis in viral infection. In IDU, a profound decrease
in the proportion of CD4/CD8 and the percentage of
CD3 and CD#4, but not in the percentage of CD8 has
been observed. The present study also confirmed the
observation of other scholars that drug abuse suppresses
immune function and disturbs T lymphocyte regulation.
Other studies also suggested that morphine attenuated
the mitogen-induced lymphocyte proliferation in a dose-
dependent manner. In addition, morphine inhibited
proliferation of PHA-IL-2 activation of naive mice
thymocytes in a dose-dependent manner 7z vitro'",
Morphine-mediated effects on the immune system operate
through central processes’. Opiates behave like cytokines,
modulating the immune response by interaction with
their receptors in the central nervous system and in the
periphery. Potential mechanisms by which central opiates
modulate peripheral immune functions may involve both
the hypothalamic-pituitary-adrenal (HPA) axis and the
autonomic nervous system. The HPA axis is necessarily
involved in all opioid-mediated immunosuppressive effects.
There ate opioid receptors on cells of the immune system.
These results provide evidence for the local and systemic
activity of opioids on immunocompetence and immune
homeostasis".

CD4+ Th lymphocyte plays an important role in the
immune response against intracellular viral, bacterial, and
parasitic pathogens. It is known that the subsets of Th
cell could be distinguished by the pattern of cytokine
co-expression. Thl cells produce IFN-y, TNF-f3 and
IL-2, and Th2 cells produce 11.-4, 1L.-5 and 1L.-10. IFN-y
and IL-2 are cytokines that play important roles in the
development of CD4+/CD8+ lymphocyte activity and
cellular immune response, such as enhancing activities
of cytotoxic T lymphocytes (CTL), NK and Thl. I1L-4
inhibited the production of Th1 cells, modulated humoral
immunity, and resulted in immune pathologic diseases™,
The advances in the knowledge on Th1 and Th2 cells
revealed that Thl cells produce cytokines that stimulate
the proliferation of CTL. Th2 cells produce cytokines
that are responsible for the activation of the humoral
immune response in healthy people. The Thl and Th2
subtypes are stable and represent significant function
differences between two sets of Th cells. Clerici and
Shearer” presented a hypothesis, “the Th1 — Th2 switch
hypothesis”, whereby Th1 cell activity declines and Th2
activity increases in HIV-infected people.

Our investigation showed that the levels of PHA-
induced IFN-vy, IL.-4 and serum IL-2 were obviously
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decreased in IDUs, but the levels of serum IL-4 were
increased (P < 0.01). IDUs have the imbalance of Thl and
Th2. Virus entry into blood might also be facilitated due
to the dysfunction of the T lymphocyte subpopulation
in IDU. Conflicting results, both dectreased induced-1L-4
and increased serum IL-4, have been detected concerning
the altered immune function in IDUs. Thete are other
pathogens (parasites, fungi, viruses) infections, and
modulation of surface markers on T cells"*'". Divaricating
results, in part, may be due to the specific mechanisms
responsible for opiate-induced changes in the immune
system being undefined.

The prevalence of HBV in patients infected with
HCV is common in chronic hepatitis, hepatocirrhosis
and hepatocellular carcinoma'?. According to different
routes of transmission, 10%-15% of the HBV-infected
patients presented with detectable antibodies against
hepatitis C. Among 406 IDUs, HBV/HCV co-infection
rate was 27.83% (113/406). There ate reports on the
changes of viral behavior and accelerated progression
to more advanced liver disease after the co-infection of
several viruses in IDU, but there is good understanding
of the critical roles of these viruses, of whether the
phenomenon of interference among viruses exists, and
of how to evaluate the pathogenesis of the viruses.
Gilson e al"” believed that the co-infection of HCV and
HBYV could increase the expression of anti-HBs and
DNA polymerase. They proposed that co-infection of
both HCV and HBV in IDU might augment the level
of HBV replication and aggravate the damage to the
liver. But our reports concerning co-infection of HCV
and HBV yielded different results and no significant
correlation was observed between HBV-DNA and HCV
infection. The discrepancy might be due to the small
number of our samples (17 HBV-DNA-positive cases).
We can hypothesize that this may be important in the
presence of an additional infection of the body with,
for example, parasite or fungi infection'”. However, part
of the difference was likely due to the immune system
dysfunction.

Heroin abusers are a high-risk group for the
development of HIV, HCV and HBV infection. According
to different routes of transmission, 64%-77% of the
HIV-infected patients present with detectable antibodies
against hepatitis C and 10%-21% are positive for anti-HBc
antibodies"". Co-infection with HIV and hepatotropic
viruses causes complex interactions. The results from our
study indicate that more than 80% (161/192) of subjects
infected with HIV were co-infected with HBV/HCV
(15.1% with HBV, and 80.21% with HCV). Chung e a/"”
reported the prevalence of chronic HBV infection varies
between the risk groups for transmission of HIV (21% for
homosexuals, 14% for heterosexuals, 7% for drug addicts,
and 14% for hemophiliacs). HIV-induced impairment of
the cell-mediated immunity causes higher replication of
hepatotropic viruses. Additionally, HBV leads to enhanced
transcription of HIV through an NF-xB element in the
long terminal repeat of HIV'. Our data showed that
among 29 IDUs with HIV-infection, 51.72% (15/29)
were HBV-DNA-positive and 37.93% (11/29) were
HBeAg-positive, whereas only 1.68% (2/119) of the IDU
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without HIV infection were HBV-DNA-positive. These
observations confirm previous reports of increased viral
replication of hepatotropic virus in immunocompromised
patients.

The prevalence of hepatitis C in HIV-infected patients
is strongly related to the parenteral route of infection,
and therefore drug addicts present the highest rate of co-
infection. The problem of co-infection of HCV and HIV
will become more relevant. The permanent state of chronic
immu-ne dysfunction related to the persistent hepatitis C
virus favors transcription of HIV in infected cells and causes
a more rapid destruction of Th lymphocytes. HIV-induced
impairment of the cell-mediated immunity causes higher
HCV replication. Recent studies have shown significantly
higher HCV-RNA levels in HIV-positive patients than
in HIV-negative controls""". In contrast, no correlation
between anti-HIV and HCV-RNA was obsetrved in our
study. We can hypothesize that this may be asymptomatic,
additional co-infection and immune status of IDU.

Bias in cytokine responses has been proposed as a
contributing mechanism to pathogenesis in persistent
HIV or HCV infections. Lee’s ef a/'”" demonstrated that
HCYV and HIV co-infection affected cytokine mRNA
levels in PBMC, but did not shift the Th1/Th2 balance.
Rodrigues ez al™ suggested the balance favorable to Th2
was associated with the presence of HIV and parasite co-
infection. Eyster ¢z al”" showed, in a group of hemophiliacs,
a negative correlation between CD4 count and HCV-RNA
levels. In the IDUs studied here, reduced CD4 petrcentage
and induced-IFN-y in the HIV as well as in the HIV co-
infection group were associated with a significantly re-
duced Th1 function compared to the negative group. But
a reduced Th1 function in the HIV as well as in the HIV
co-infection group was not associated with HBV-DNA/
HCV-RNA. Becker™ suggested that asymptomatic HIV
co-infection importantly alters the HCV-specific cytokine
response towards a greater production of pro-inflammatory
type 1 cytokines. Moreover, the antiviral activity of type 1
cytokines may be modified by an increased production of
type 2 cytokines in the CD30 subset. The altered cytokine
pattern may contribute to the adverse natural course of
hepatitis C in HIV co-infection. Therefore, in IDUs, the
balance of Th lymphocyte subsets was upset, and this was
especially true for HIV infection and co-infection.

In conclusion, our study demonstrates that the preva-
lence of HCV, HIV and HBV infection and co-infection
is high in IDU. The infection inversely accelerates the
disturbance of Th function. IDUs with HIV and HBV/
HCV co-infection have lower expression of Thl cytokine
without enhancement of the Th2 response. HIV infection
leads to a high incidence of impaired Th1 cytokine levels.
Larger trials are needed to study appropriate prevention
and treatment strategies. Blood-borne virus prevention
schemes include blood bank safety programmes, and im-
munization of high-risk groups.
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