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Hepatitis virus infection and liver disease in
injecting drug users who died suddenly

E A B McCruden, K J Hillan, I C McKay, M T Cassidy, J C Clark

Abstract
Aim-To determine the extent of liver
damage resulting from infection with
hepatitis B, C and D viruses (HBV, HCV
and HDV) in intravenous drug users
(IDUs).
Methods-Liver sections taken at
necropsy performed to investigate the
cause of sudden death in 48 IDUs were
scored for necroinflammatory activity
and fibrosis. Evidence of infection was by
detection of viral antibodies in serum,
hepatitis B surface antigen (HBsAg) and
HCV RNA by reverse transcription-
polymerase chain reaction (RT-PCR).
Results-Evidence of HCV infection was
present in 43 (90%) of 48 serum samples.
Six (12%) HBsAg positive serum samples
had markers indicative of chronic HBsAg
carriage, including three with antibody
directed against HDV. Evidence of past
HBV infection was found in 27 (69%) of 39
HBsAg negative serum samples. HIV was
detected in one (2%) of 48 samples. In five
(10%) of 48 samples there was no evidence
of current or past infection with HCV,
HBV or HIV. All 43 liver sections from
HCV positive IDUs scored > 1 for necro-
inflammatory activity, whereas three
IDUs without HCV scored 0. Scores for
stage of fibrosis were > 1 in 15 (35%) of 43
and zero of five IDUs, respectively. Fibro-
sis scores of B3 were seen only in three
IDUs positive for HBV, HDV and HCV.
Conclusion-Inflammatory activity in the
liver is present in a high proportion of
IDUs in Glasgow and is strongly associ-
ated with HCV infection. Severe chronic
liver damage was limited to HBsAg carri-
ers superinfected with HDV and HCV.
(i Clin Pathol 1996;49:552-555)
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More than 50% of hepatitis C virus (HCV)
infections become chronic, but in most sub-
jects there is little clinical disease. The only
undisputed route of transmission of the virus is
by direct blood to blood contact and preva-
lences of infection of more than 75%' 2 have
been found in injecting drug users. The likely
morbidity and mortality as a result of the high
prevalence of chronic infection in intravenous
drug users is unclear.3
An increasing number of deaths have oc-

curred in recent years in intravenous drug
users in Glasgow. In 1985 only three postmor-

tem blood samples from intravenous drug
users were referred for screening for HIV and
hepatitis B surface antigen (HBsAg) prior to
necropsy, but this figure increased until 1992
when 77 such samples were received. The cur-
rent study was carried out to establish the
prevalence of infection with hepatitis B (HBV),
C and D (HDV) and HIV, and to correlate liver
histology with the serological findings.

Methods
Serum from 148 suspected intravenous drug
users had been tested by the Institute of Virol-
ogy prior to necropsy between 1985 and 1992.
Liver specimens taken at necropsy were
available for review from 57. Sufficient serum
remained for further serological tests in 49. In
one case postmortem autolysis prevented
interpretation of liver sections. Therefore,
comparison of hepatic histology with serologi-
cal findings from 48 intravenous drug users (39
men and nine women; mean age 27 years,
range 18-43 years) is the subject of this study.
All 48 subjects were considered to be or have
been regular intravenous drug users on the
basis of all the evidence available to the
pathologist at the time of necropsy. Permission
for the study was granted by the Procurator
Fiscal in Glasgow.
The cause of death on the necropsy report

was drug intoxication in 34 subjects. Other
causes of death were hanging (two subjects),
stabbing, congenital heart disease, hyperten-
sive heart disease, myocardial fibrosis, myocar-
ditis, hernia of small bowel, bacterial endocar-
ditis, bronchitis and cirrhosis of liver, polycystic
kidneys, and epileptiform seizure. Cause of
death was not ascertained in one subject and
reports were not available for two. Drugs
detected postmortem were morphine (n = 24),
benzodiazepines (n = 23), ethyl alcohol (n
=17), paracetamol (n = 5), cannabis (n = 2),
and diconal, prothiaden, chloral hydrate, cy-
clizine, and methadone (n = 1 for each drug).
More than one drug was present in 30 subjects.

All serum samples were tested for current or
past infection with HCV, HBV or HIV by
assays for antibodies directed against these
agents and for HBsAg. In those subjects
positive for the latter, tests for the stage and
infectivity of the HBV infection and for super-
infection with HDV were performed. Reverse
transcription-polymerase chain reaction (RT-
PCR) for HCV RNA was carried out on all
serum samples for which sufficient sample
remained.
Serum samples were examined for antibod-

ies directed against HCV by a second genera-
tion enzyme linked immunosorbent assay
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Table 1 Histological activity index

Score Inflammatory activity Fibrosis

0 None/minimal None
I Portal inflammation with or without Enlarged fibrotic portal tracts

lobular activity
2 Portal inflammation with focal parenchymal Periportal or portal-portal septa,

cell necrosis architecture intact
3 Portal inflammation with severe Fibrosis, architectural distortion,

parenchymal necrosis no cirrhosis
4 Damage including bridging necrosis Cirrhosis

Table 2 Scores for necroinflammatory activity in liver sections related to serological
evidence of infection with HBV<C and D

Necroinflammatory activity score

Serological variables 0 1 2 3 Total

HBsAg + /anti-HDV + 0 0 1 2 3 (7%)
HBsAg + /anti-HDV - 0 1 2 0 3 (7%)
HbsAg - /previous HBV + 0 11 13 3 27 (59%)
HBsAg-/previous HBV- 0 1 5 1 7 (15%)t
HBsAg - /previous HBV unknown 0 0 3 0 3 (7%)
HCV + * (total) 0 13 24 6 43 (93%)
HCV-t 3 0 0 0 3(7%)

Total 3 (7%) 13 (27%) 24(52%) 6(13%) 46

Numbers in parentheses show the percentage (rounded up) of subjects with that result.
*Positive for HCV RNA or anti-HCV, or both.
tNegative for both HCV RNA and anti-HCV.
:Includes single HIV positive subject.

(ELISA) (Abbott Laboratories, Chicago, Illi-
nois, USA) and by recombinant immunoblot
(RIBA-2, Ortho Diagnostic Systems, High
Wycombe, UK). HBsAg and HBeAg, antibod-
ies directed against hepatitis B core (total anti-
HBc, IgM anti-HBc), surface (anti-HBs) and e
antigens (anti-HBe) were detected by ELISA
or RIA (Abbott Laboratories). Antibodies
directed against HDV were detected by ELISA
(Organon Technika Cambridge, UK). Anti-
bodies directed against HIV were detected by
ELISA (Murex Ltd, Dartford, London, UK, or
Abbott Laboratories). Confirmation of the
HIV ELISA positive result was by western blot
(performed by the Regional Virus Laboratory,
Ruchill Hospital, Glasgow). HBsAg and anti-
HIV tests were performed at the time of death
and, if the sample was HBsAg positive, tests for
total and IgM anti-HBc, HBeAg and anti-HBe
were carried out. All other assays were
performed on serum which had been stored at
- 200C.
RNA extraction and RT-PCR of the HCV 5'

non-coding region were performed on 100 gl
aliquots of serum, as described previously.4
Briefly, RNA extracted using an acid guanid-
ium thiocyanate method was precipitated with
isopropanol followed by a phenol-chloroform
extraction. RNA was reverse transcribed using
Moloney murine leukaemia virus reverse tran-
scriptase (Gibco-BRL, Gaithersburg, Mary-
land, USA) and primer ENCR2 (genome posi-
tion - 20 to - 2).5 Primers EPT1 (- 179 to
- 160) and ENCR2 were used in the first
round of PCR, then 1 gl of product was trans-
ferred to a second round PCR using primers
EPT3 (- 142 to - 125) and NCR4 (- 52 to
- 38). PCR conditions were as follows: 25
cycles at 94°C for 30 seconds, 55°C for 30 sec-
onds and 72°C for 90 seconds with Taq
polymerase (Boehringer-Mannheim GmbH,

Lewes, UK). PCR products, electrophoresed
in a 2% agarose gel containing ethidium
bromide, were photographed under ultraviolet
light.

Livers were fixed in 10% buffered formalin
and embedded in paraffin wax. Sections, 5 gm
thick, were cut consecutively from each block
and stained with haematoxylin and eosin, Mas-
son's trichrome, Gordon and Sweet's reticulin,
Shikata's orcein, and by periodic acid Schiff
with or without diastase. The liver sections
were assessed for the histological features of
HCV infection and scored using a histological
activity index (table 1). Because of the
autolytic changes observed in some livers, it
was not always possible to score the inflamma-
tory index as originally proposed by Scheuer.6
Scoring was therefore modified so that all livers
in this study could be assessed.
The statistical significance of the association

between virus infection and histological scores
was assessed using Fisher's exact test.

Results
VIRAL SEROLOGY
Of the 48 serum samples, 41 (83%) were HCV
positive by ELISA. Thirty nine were also posi-
tive by RIBA 2, but insufficient serum
remained in two. All anti-HCV negative serum
samples were negative by RIBA 2. RT-PCR
was positive in 17 (41 %) of 41 serum samples
in which sufficient sample remained for testing.
Two serum samples which were negative for
anti-HCV were positive by RT-PCR.

Six (12.5%) of 48 serum samples were
HBsAg positive. All were negative for anti-HBc
IgM antibody, indicating chronic carriage of
HBsAg. Only one was positive for HBeAg; the
other five were anti-HBe positive. Anti-HDV
antibody was detected in three (50%) of the six
HBsAg positive serum samples; all three were
anti-HBe positive. In 42 HBsAg negative
serum samples, both anti-HBc and anti-HBs
were detected in 18, anti-HBc alone in six,
anti-HBs alone in three, and neither anti-HBc
nor anti-HBs in 12. Insufficient serum re-
mained for either test in three subjects. There-
fore, past infection with HBV was demon-
strated in 27 (69%) of 39 HBsAg negative
intravenous drug users. One (2%) of the 48
specimens was positive for anti-HIV.

Tables 2 and 3 show the combined results of
HCV and HBV testing. Of 33 serum samples
with current or past evidence of HBV infec-
tion, 32 (97%) were positive for anti-HCV. Six
subjects positive for anti-HCV had no evidence
of past exposure to HBV. The one HIV positive
serum contained no anti-HCV, anti-HBc or
anti-HBs, but was positive for HCV by
RT-PCR. The second anti-HCV negative
serum which was positive by RT-PCR had evi-
dence of past HBV infection. Therefore, in this
series, there was no subject with evidence of
current or past HBV infection in the absence of
HCV infection.

HISTOPATHOLOGY
Of the 48 livers were included in the study, two
could not be scored for necroinflammatory
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Table 3 Stage of liverfibrosis related to serological evidence of infection with HBVC and D

Score for stage offibrosis

Serological variables 0 1 2 3 4 Total

HCV infected
HBsAg + /anti-HDV + 0 0 0 1 2 3 (6%)
HBsAg + /anti-HDV - 2 0 1 0 0 3 (6%)
HbsAg - /previous HBV + 19 5 3 0 0 27 (59%)
HbsAg - /previous HBV - 5 2 0 0 0 7 (15%)t
HbsAg - /previous HBV unknown 2 0 1 0 0 3 (6%)
HCV + * (total) 28 7 5 1 2 43 (93%)
HCV-t 5 0 0 0 0 5 (10%)

Total 33 (69%) 7 (15%) 5 (10%) 1 (2%) 2 (4%) 48

Numbers in parentheses show the percentage (rounded up) of subjects with that result.
*Positive for HCV RNA or anti-HCV, or both.
tNegative for both HCV RNA and anti-HCV.
tIncludes single HIV positive subject.

activity because of postmortem autolysis. It
was possible to stage fibrosis in all livers.
Only five livers were histologically within

normal limits although, in two of these, autoly-
sis prevented the assessment of inflammatory
infiltration. All remaining 43 livers showed
abnormal liver histology, with a chronic
inflammatory infiltrate present within at least
some portal tracts. In many, the infiltrate was
patchy, often varying considerably in intensity
between portal tracts. Portal lymphoid follicles
were observed in only two livers. In 13
subjects, lobular inflammation accompanied
by parenchymal cell necrosis was noted; bridg-
ing necrosis was observed in six of these. Portal
or periportal fibrosis, or both, was present in 15
subjects. In three of these, there was accompa-
nying architectural distortion, which amounted
to cirrhosis in two. Non-caseating granulomas
were identified in two livers. Although no
aetiological agent could be identified in either,
they were presumed to be related to
intravenous drug use. In none of the livers
examined was there any evidence of toxic
(including alcohol induced) damage.

CORRELATION OF SEROLOGY WITH
HISTOPATHOLOGY
Tables 2 and 3 show the relation between the
serological results for hepatitis B and C and
necroinflammatory activity and fibrosis scores,
respectively. Subjects were considered to have
HCV infection if their serum contained
anti-HCV or HCV RNA, or both. All HCV
infected livers had a necroinflammatory score
of i 1 and fibrosis was seen in 15 (35%) of 43.
None of the uninfected livers showed any
inflammation or fibrosis. The association be-
tween HCV infection and inflammatory score
was significant by Fisher's exact test (p <
0.0001 for the whole study group; p < 0.008
for the subset with no evidence of past or
present HBV infection).

Considering livers from HCV positive
intravenous drug users, there was nothing to
indicate that either past or current HBV infec-
tion, in the absence of HDV superinfection,
had any effect on the scores for necroinflam-
matory activity (p = 0.68) or fibrosis (p =
0.57). In contrast, the three livers from HDV
superinfected carriers had either severe archi-
tectural distortion or cirrhosis, and had high

scores of 2,3 and 3, respectively, for necroin-
flammatory activity.

Discussion
Serological evidence of infection with blood
borne viruses was common in this group of
intravenous drug users who died suddenly.
HCV was the most prevalent with 43 (90%)
serum samples containing HCV RNA or anti-
HCV. All six (12%) HBsAg positive serum
samples had markers indicative of chronic
HBsAg carriage and three were superinfected
with HDV. Evidence of past infection was
found in 28 (70%) HBsAg negative serum
samples available for testing. Anti-HIV was
detected in one (2%) sample. In only five
(10%) serum samples was there no evidence of
current or past infection with HCV, HBV or
HIV. When an individual starts sharing nee-
dles in a group of drug users, he is more likely
to be exposed to blood containing infectious
HCV than HBV. As HCV RNA was detected
in 17 of those that could be tested, a minimum
rate of current infection is 41% in this popula-
tion. The true rate was almost certainly higher
as false negative RT-PCR results may have
occurred as a result of postmortem degrada-
tion of RNA. Episodic viraemia can also
occur.4 In contrast, six subjects were currently
infectious for HBV but only one was HBeAg
positive. However, anti-HBe positive HBsAg
carriers are susceptible to and can transmit
HDV to other HBsAg positive subjects.
No community based studies of anti-HCV

prevalence in intravenous drug users have been
possible, similar to those in which anti-HIV
testing has been carried out on saliva,8 as an
anti-HCV assay of sufficient sensitivity is not
available as yet. Retrospective testing of serum
samples taken from intravenous drug users for
other purposes will not represent a true
community prevalence. However, anonymous
retrospective testing of 269 Glasgow serum
samples submitted for anti-HIV testing, in
which intravenous drug use was identified as a
risk factor, demonstrated that 230 (86%) were
positive for anti-HCV and 70% for anti-HBc
(Follett EAC, personal communication). The
conclusion from this and other studies' 2 9 iS
that although the groups may not be
representative of the entire intravenous drug
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user community, all show an extremely high
prevalence of HCV infection, far higher than
that of HBV.
Abnormal liver histology was closely related

to serological evidence of HCV and HDV
infection. The lack of abnormalities in the
livers of intravenous drug users with no mark-
ers of HBV or HCV infection suggests that
intravenous drug use with the substances
injected in Glasgow does not, in itself, produce
liver damage. This conclusion is supported in
three of such subjects in which high levels of
morphine or temazepam (both commonly
injected substances in Glasgow) were found. A
fourth subject with no detectable drugs was

nevertheless said to have a "strong history" of
prolonged drug use. No toxicological data were
available for the fifth subject. The low preva-

lence of HIV infection in Glasgow intravenous
drug users has been documented8 and facili-
tates the interpretation of liver damage induced
by HBV, C and D.
The most severe cases of liver damage were

restricted to individuals with evidence of com-
bined HBV, HCV and HDV infections. It has
been previously estimated that there may be 70
such individuals in the Glasgow area'° and
their future care will have implications for
health care resources. The need for resources

to treat the larger number of intravenous drug
users with chronic HCV is harder to assess. All
subjects with serological evidence of HCV
infection had inflammatory changes in the liver
and it seems likely that more severe disease will
develop in time in a proportion of these
subjects."' The epidemic of intravenous drug
use in the Glasgow area became widespread in
the early 1980s so most intravenous drug users

will have become infected within the past 15
years. A study in the United States showed no

increased mortality in mostly middle-aged
patients with post transfusion acquired HCV
over 20 years,'2 but intravenous drug users in

Glasgow are infected with HCV in their teens
and twenties. There was no evidence from our
study that liver damage was more severe in
HCV positive subjects where there was evi-
dence of current or past infection with HBV.

In conclusion, of 48 intravenous drug users
who died suddenly, HCV infection was found
in 43 (90%), current HBV in six (11%) and
HIV in one (2%). Liver disease was mild in
intravenous drug users with evidence of
current HCV infection alone. Severe hepatic
architectural distortion was seen only in those
with concurrent HBV, D and C infections.
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