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Summary: To investigate the features of various hepatitis virus infection in intravenous drug users 
(IVDU),  we conducted an epidemiological survey of hepatitis viruses including hepatitis B virus 
(HBV).  hepatitis (" virus (H(TV). hepatitis D virus (HI)V)  and hepatitis G virus (HGV)  in 
IVI)U. The correlation of "I'. lymphocyte cytokine and hepatitis virus infection was examined. A 
study popul;llion of lllfl IVDU consisted of 383 males and 23 females. HBV I)NA and HCV RNA 
were. detected by fhmrcseencc quantitative polymerase chain reaction. HBsAg. HBeAg, anti HBc, 
anli H('V. HI)V Ag and anti H(;V were assayed t~y ELISA. The levels of cytokines of T .  1 and 
"I'H2 were measured by EI.ISA. The similar indices taken from 102 healthy persons served as con- 
trols. The infection rate of each virus among IVDU was 36. l~5 .04 for HBV, 69. 7 ~ for HCV, 
2.22 ~"; for HI)V. and 1..q7 !!'{ for HGV. respectively. The co infection rate of HBV and HCV 
was detected in 113 of 406 (27. 83 .D,,~). In contrast, among controls, the infection rate was 
17.65 !;'; for HBV and 0 }'~ for the other hepatitis viruses. The levels of PHA-induced cytokines 
(IFN-)' and II, .1) and the level of serum II, 2 were obviously decreased in IVDU. ()n the other 
hand. the level of serum If, 4 was increased. The IFN "/level was continuously decreased when the 
IVI)U was infected with HBV/HCV. In conclusion. HBVand HCV infection were common in this 
population ~f IVDU and they had led to a high incidence of impaired TH 1 cytokine levels. 
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Vi ra l  hepa t i t i s  p r e s e n t s  a ma jo r  g loba l  publ ic  
hea l th  concern .  H B V  and H C V ,  in p a r t i c u l a r ,  
were  the  causa t ive  agen t s  r e s p o n s i b l e  for  p a r e n t e r -  
a l ly  t r a n s m i t t e d  d i seases  c ' ' i ] .  I V D U  r e p r e s e n t  a 
special  s u b g r o u p  of the  p o p u l a t i o n  who of ten  
sha red  c o n t a m i n a t e d  needles  for  i n t r a v e n o u s  d r u g s  
in jec t ion  Ea]. Op ia t e  use was  k n o w n  to a l t e r  i m m u n e  

func t ion  and had i m m u n o s u p p r e s s i v e  ef fec ts  tha t  
m a y  m o d i f y  T - l y m p h o c y t e  s u b p o p u l a t i o n s .  I V D U  
were  sub jec t  to t r a n s m i t t a b l e  b l o o d - b o r n e  p a t h o -  
gens.  T h e  p a t h o g e n s  may  r e s u h e  in the  i m m u n e  
s y s t e m  d y s f u n c t i o n  Ltl. W i t h  I V D U ,  r e p o r t s  on the  
r e l a t i onsh ip  b e t w e e n  the  infec t ion  of hepa t i t i s  v i ru -  
ses  and changes  in TH cy tok ine  levels  are  not  r e p o t  
ted  a l t h o u g h  a few ep idemio log ica l  s tud ies  of had 
been r e p o r t e d  in d rug  add ic t ed  users  in China  [~' <.  
In  the  p r e sen t  s t u d y ,  we conduc t ed  an cp idemio  
logical  su rvey  of H B V ,  H C V ,  H D V  and H G V  and 
e x a m i n e d  the  a s soc ia t ion  of hepa t i t i s  v i rus  infec t ion  
wi th  TH cy tok ine  levels  in I V D U  in s o u t h w e s t e r n  
China.  

1 MATERIALS AND METHODS 

1.1 Study Population 
In th is  s t u d y ,  508 s e r u m  s a m p l e s ,  inc lud ing  

s a m p l e s  f rom 406 I V D U  (383  males  and 23 re- 
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m a l e s ,  wi th  a mean  age of 32 .4  y ,  a r ange  of 17 - -  
61 y who  had a h i s t o r y  of d rug  use for 1 - - 1 8  y)  
and 102 con t ro l s  (64 ma le s  and 38 f e m a l e s ,  w i th  a 
mean  age of 30. 5 y artd a r ange  of 1 8 - - 5 8  y )  in 
s o u t h w e s t e r n  China.  A l l  sub j ec t s  had no cl inical  

m a n i f e s t a t i o n  of hepa t i t i s .  199 cases  had sha red  

needles  wi th  o t h e r  d rug  users .  I n f o r m e d  consen t  
for inc lus ion  in th is  s t u d y  was  ob t a ined  f rom each 
individual .  T h e  b lood  s a m p l e s  were  co l lec ted  f rom 
2002 to 2003 and sera  were  s t o r ed  at - - 4 0  'C or  be-  
low unt i l  use. 
1.2 Viral Marker Detection 

S a m p l e s  were  de t ec t ed  for m a r k e r s  of hepa t i t i s  
v i rus  infec t ion  ( H B s A g ,  H B e A g ,  ant i  H B c ,  an t i -  
H C V .  H D V  A g  and a n t i - H G V )  by  enzyme l inked  
i m m u n o s o r b e n t  a s say  ki t  ( E I . I S A ,  K e h u a ,  Chi-  
na ) .  S e r u m  s a m p l e s  were  also t e s t ed  for H C V -  
R N A  and H B V  D N A  by f luo rescence  quan t i t a t i ve  
p o l y m e r a s e  chain reac t ion  ( F Q - P C R  t e c h n o l o g i e s ,  
Ch ina ) .  
1.3 Assay for PHA-induced Cytokines and Serum 
Cytokines 

P e r i p h e r a l  b lood  m o n o n u c l e a r  cel ls  ( P B M C )  
were  i so la ted  f rom 3 mI .  f resh  hepar in ized  b lood  
s amp le  ob t a ined  f rom each sub jec t  by Ficol l  cen-  
t r i fuga t ion .  T h e  P B M C s  were  s u s p e n d e d  in R P M I  
1640 ( P H A - M  add to 20 ~ g / m I . )  and were  p laced 
in cu l tu re  p la tes  at 1 X 10 s cel ls  per  wel l  for  p ro l i f -  

e ra t ion  and cy tok ine  assays .  S u p e r n a t a n t s  were  re-  
moved  a f t e r  60-h i ncuba t ion  for  d e t e r m i n a t i o n  of 
IFN-) ,  and II .  4. T h e  levels  of I F N  " /and  IL-4 were  
d e t e r m i n e d  hy commerc i a l  E I . I S A  kit  ( E I . I S A ,  
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Jingmei,  Guangzhou) .  The serum levels of IL-2 
and IL-4 were determined by radioactive immune 
assay ( R I A ,  3V Co. , China). All commercial kits 
were used by following the manufacturer 's  instruc- 
tions. 
1 . 4  Statist ical  Analys i s  

The results were analyzed by Student 's  t-test 
and Chi-square test. A P value less than 0.05 was 
considered to be significant. 

2 RESULTS 

2. 1 Prevalence and Co- infect ion of  Hepati t is  Virus 
Among IVDU,  283/406 (69.7 %) cases were 

ant i -HCV positive. 54/283 (19.08 %) of these se- 
ra were positive for HCV- RNA ( 2 . 9 8 •  

)<10 s copies per mL) .  148/406 (36 .45  %) 1VDU 
suffered from HBV infection (ant i -HBc posit ive),  
12/148 (8. 1 1 % )  and 15/148 (10. 14 % ) o f  these 
sera had detectable HBeAg and HBV-DNA (4 .59  
X 10 a --~>5)< 107 copies per mL) respectively. The 
rate of H D V / H G V  seroprevalence was lower than 
that of H C V / H B V .  Hepatitis virus seropositivity 
among IVDU was associated with needle sharing. 
Among 102 controls,  HBV infectious rate was 
17.65 %. No other hepatitis viruses were detected 
(table 1). The findings of co-infection of hepatitis 
viruses are given in table 2. Addicts infected with 
the hepatitis B and C viruses had been taking drugs 
longer than those who were not infected with these 
two viruses. 

Table 1 Prevalence of HBV, HCV, HDV and HGV in IVDU and controls 

Groups HBsAg HBeAg Anti-HBc HBV-DNA Anti-HCV HCV-RNA HDV-Ag Anti-HGV 

IVDU 24 (5.91) 12 (3.96) 148 (36.45) 15 (3.69) 283 (69.7) 54 (13.3) 9 (2.22) 8 (1.97) 

Control 1 (0.98) 2 (1.96) 18 (17.65) 1 (0.98) 0 (0) 0 (0) 0 (0) 0 (0) 

X z 4.20 0. 30 13. 11 1.97 160.53 15.18 2.26 2.04 

P G0.05 ~0.05 G0.01 >0.05 "~0.01 <0.01 ~0.05 >0.05 

Table 2 Infection and co-infection of hepatitis viruses in 
IVDU (n = 406) 

Category Positive (n) 

HBV+ 27 6.65 

HCV-+- 165 40.64 

HBV+ HCV-+- 109 26.85 

HBV+ HDVq- 8 1.97 

HBV+ HCV+ HDV+ 1 0. 25 

HBV+ HCV+ HGV 3 0.74 

HCV-+- HGV 5 1.23 

Total 318 78.33 

2 . 2  Cytokine  Levels 
The levels of PHA-Induced  IFN-7 and IL-4 

were lower in IVDU than in healthy controls ( P ~  
0. 01).  The level of serum IL-2 was lower, but 
II74 was higher (table 3). 
2 . 3  H B V / H C V  Infect ion and Cytokine  Levels  

In IVDU,  co-existence of H B V / H C V  infec- 
tion was related to the decreased level of PHA-in-  
duced IFN-7. But higher virus load was not corre- 
lated with lower IFN-7 level. Serum cytokines 
showed no significant difference between H B V /  
HCV-infected IVDU and non-HBV/HCV-infec ted  
IVDU (P~>0 .05 ,  table 4, 5). 

Table 3 Cytokine levels of PHA-induced and serum 

Groups 
PHA-induced cytokine 

IFN-'/ (pg/mL) IL-4 (pg/mL) 

Serum cytokine 

IL-2 (ng/mL) IL-4 (ng/mL) 

1VDU 

Control 

t 

P 

406 

102 

273.7• 

785.3• 

23.97 

G0.01 

20.7• 1.43 

28.9• 1.08 

7.65 

G0.01 

1.73• 

3.82___ 1.59 

11.37 

G0.01 

9.43• 

0.78• 33 

27.03 

<~0.01 

Table 4 Cytokine levels during HBV-infection ' 2 "  

Groups n 
PHA-induced cytokine Serum cytokine 

IFN-7 (pg/mL) IL-4 (pg/mL) IL-2 (ng/mL) IL-4 (ng/mL) 

Negative ~ 40 288.01 • 40.03 20. 76 • 1.87 1.69 • 1.65 

Anti-HBc + 148 266.02• 20.59• 1.81• 

HBV-DNA + 15 263.14• 20.24• 16 1.78• 

9.46• 

9.38• 

9.33+8.39 
�9 PG0.05 as compared with negative cases; ~ Viral infection markers were not discovered in IVDU 
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Table 5 Cytokine levels during HCV-infection 
| 

PHA-in.i:luced cytokine Serum cytokine 
Groups n 

IFN-], (pg/mL) IL-4 (pg/mL) IL-2 (ng/mL) IL-4 (ng/mL) 

Negative ~ 40 288.01 • 40.03 

Anti-HCV + 283 266.4• ~ 

HCV-RNA + 54 264.2+_56.3" 

20.76+1.87 1.69• 65 9.46-t-7.12 

21.23__+1.42 1.67-+-1.49 9.02-t-5.84 

20.6+__1.49 1.68+__1.73 9.32• 

* P<0.05, ~ ~ P<0.01 as compared with the negative cases; 
Viral infection markers were not discovered in IVDU 

3 DISCUSSION 

HBV, HCV, HDV and HGV share transmis- 
sion routes. HBV and HCV are major causes of 
acute and chronic liver disease worldwide. Persis- 
tent infection with these viruses often leads to 
chi'onic liver diseases, including cirrhosis or prima- 
ry hepatocellular carcinoma. However, HBV is 
transmitted easily via both percutaneous and muco- 
sal exposures, and HCV is transmitted predomi- 
nantly by percutaneous exposures. Most partici- 
pants of high-risk practices (e. g. drug use through 
injection) had hepatitis virus infection. The infec- 
tion rate in IVDU with infection of hepatitis viru- 
ses or other blood-borne pathogens infection was 
considerably higher than in that the non-IVDU 
population. Repeated co-infection with different vi- 
ruses probably is common in IVDU En. In this 
study, a higher percentage (69.7 }/00) of HCV in- 
fection was observed. And 19.08 ~ of their sera 
were positive for HCV-RNA. HCV seroprevalence 
rates ranged from 3.2 ~ to 9 0 . 1 %  in other stud- 
ies of addicted users. Variations in seroprevalence 
may well reflect geographic differences. However, 
part of the variation was likely due to the differ- 
ence in serologic methodologies, and co-infection 
with other viruses might prevent the detection of 
HCV-RNA in sera. 36. 54 ~ of the population had 
HBV. 10.14 ~ of these sera had detectable HBV- 
DNA. Only 88 of the subjects (21.67 %) had no 
hepatitis virus infection, whereas 318 (78. 33 0/oo) 
were infected with one or more than one viruses. 
The results o{ our research suggested that intrave- 
nous drug use often leads to the infection and co- 
infection of more than one hepatitis viruses, espe- 
cially HCV and HBV. These results were consist- 
ent with the findings reported recently E*' ~. 

Gilson et  a l  believed that the co-infection of 
HCV and HBV could increase the expression of 
anti-HBs and DNA polymerase El<. They proposed 
that co-infection of both HCV and HBV in IVDU 
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 other viral infec- 
tion ( H C V ,  HDV or HGV) .  The discrepancy 
might be due to the small number of our samples 
(15 HBV-DNA positive cases). Epidemiologically, 

the population shared the same route of infection 
therefore, the HBV/HCV-infected population have 
a higher inddence of both HDV and HGV than 
those without infection of HBV/HCV Enl. Our in- 
vestigation showed HDV patients tend to have 
HBV infection. Anti-HGV was detected in IVDU 
who were positive for anti-HCV and anti-HBc. 

Opiate use was known to alter immune func- 
tion. Opiate suppresses cell-mediated immunity 
and humoral immunity, and impairs the activity of 
natural killer cells. Therefore,  the drugs injected 
into body, by modulating the immune response, 
may lead to immune tolerance to viruses and entry 
of the virus into the host. It is known that the sub- 
sets of TH cell could be distinguished by the pat- 
tern of cytokine co-expression. TH1 cells produce 
IFN-' /and IL-2, and Tn2 ceils produce IL-4, IL-5, 
and IL-10. IFN-7 and IL-2 were cytokines that 
play important roles in the development of CD4+/ 
CD8 + lymphocyte activity and cellular immune re- 
sponse such as enhancing activities of cytotoxic T 
lymphocytes (CTL) ,  NK and TH1. IL-4 inhibited 
the production of Tn l  cells E~2~. The imbalance of  
TH1 and TH2 might affect cell-mediated immunity 
and humoral immunity. Our investigation showed 
that the levels of PHA- induced IFN-7, IL-4 and  
serum IL-2 were decreased in IVDU, but the levels 
of serum IL-4 were increased. IVDU have the im- 
balance of TH1 and TH2. Virus entry into blood 
might also be facilitated due to the dysfunction of 
T lymphocyte subpopulation in IVDU Clan. 

Patients with chronic HCV infection usually 
display weak CD4 + T cell response. It was com- 
monly believed that a strong CD4 + T cell response 
with secretion o{ TH1 cytokines was required for 
spontaneous elimination of HCV c~4~. CD4 + T .  
lymphocyte may also contribute to the clearance of 
HBV infection by secreting cytokines that inhibit 
viral replication. In addition TH cell response may 
play a role in supporting the induction and prolifer- 
ation of HBV-specific CTL and B cells E~s?. It had 
been shown that hepatotropic viruses could be e- 
liminated or controlled by different mechanisms 
such as destruction of infected cells by cytotoxic 
CD8 + T cells or secretion of antiviral cytokines :~62 
The induced IFN-7 level was much lower in IVDU 
with HBV/HCV-infection than in non-HBV/HCV 
IVDU. There was no statistically significant 
difference in the level of IL-4 between IVDU with 
or without HBV/HCV-infection. The activation of 
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v i rus - spec i f i c  C T L  was  cr i t ical  for  the  e l imina t ion  
of v i rus - in fec ted  cells .  V i rus - spec i f i c  C T L  were  
s ign i f i can t ly  d imin i shed  in pa t i en t s  w i th  chronic  
H C V  infec t ion  as c o m p a r e d  wi th  those  o b s e r v e d  
for  p e r s i s t e n t  infec t ion  of o t h e r  v i r u s e s ,  such as 
H I V  ~171. T h i s  a p p a r e n t  s u p p r e s s i o n  of C T L  re-  
s ponse s  s u g g e s t e d  tha t  H C V  m a y  in t e r f e re  w i th  
the  ac t iva t ion  of CD4 + he lpe r  T ce l l s ,  t hus  a l lo-  
w ing  for  the  e s t a b l i s h m e n t  of chronic  infect ion.  
H C V - i n d u c e d  i m m u n e  s u p p r e s s i o n  was  found  to 
r e su l t  f rom inh ib i t ion  of I F N - m e d i a t e d  C T L  activa= 
tion. When  TH1/TH2 balance was d is turbed,  IFN-y  
is d i m i n i s h e d ,  and TH t d o m i n a n c e  s w i t c h e s  to TH 2 
p h e n o t y p e .  T h e  hos t  m i g h t  also be more  suscep t i -  
ble to viral  infect ion.  A n d  viral  r ep l i ca t ion  was  en- 

hanced.  I F N  is a fac tor  p roduced  by  cel ls  in re-  
sponse  t o  vi ra l  in fec t ion  tha t  p r o t e c t s  o t h e r  cel ls  of 
the  same  spec ies  f rom a t t a c k  by  a wide  range  of vi- 
ruses .  But viral  r ep l i ca t ion  can cause  i m m u n e  sys -  
t em dys func t ion .  T h e s e  r e su l t s  s u g g e s t e d  tha t  
H B V / H C V  infec t ion  impa i r s  the  ce l lu la r  i m m u n e  
r e s p o n s e  by  dec reas ing  TH1 type  cy tok ines .  TH1 
cel ls  s eemed  to be more  seve re ly  d e s t r o y e d  in ac-  
t ive infec t ion  of  H B V / H C V  than  in l a t en t  infee 
t ion.  No d i f fe rence  in s e r u m  cy tok ine  levels  was  
found  b e t w e e n  H C V - R N A  pos i t ive  cases  and 
H C V - R N A  nega t ive  one. T h e r e  was  no s ign i f ican t  
co r r e l a t i on  b e t w e e n  cy tok ines  and H B V - D N A .  

In conc lu s ion ,  our  s t u d y  s h o w e d  tha t  the  
p reva lence  of H C V / H B V  infec t ion  was  h igh  in 
I V D U .  T h e  p r e s e n t  s t u d y  also conf i rmed  the  ob-  
s e r v a t i o n  of o t h e r  s cho la r s  tha t  H C V  and H B V  
were  more  c o m m o n  in I V D U  and tha t  hepa t i t i s  vi- 
rus  in fec t ion  was  a fac tor  r e s p o n s i b l e  for  i m m u n e  
s y s t e m  dys func t ion .  In  I V D U ,  the  ba lance  of TH 
l y m p h o c y t e  s u b s e t s  was  u p s e t ,  and  this  is espec ia l -  
ly t rue  of H B V  and H C V  infect ion.  
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