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SUMMARY

Hepatitis, or inflammation of the liver, can be caused by a
variety

of agents,

viruses a

e~g~

alcohol,

drugs,

bacteria and

More than a decade ago it was believed that only

two viruses Hepatitis A virus (HAV) and Hepatitis B virus
(HBV)

specifically attacked the liver.

Now _t-hat very

sensitive and specific tests are available for: HAV and HBV
diagnosis it is apparent that there are some episodes of
acute

hepatitis

in

patients

that

clinically

and

epidemiologically appear to be due to an infectious agent,
but which are not caused by HAV or HBV. ThJs undef ineable
hepatitis has been given the name, non-A, non-B (NANB)
hepatitis.
In this thesis the occurrence of NANB hepatitis has been
noted in the west of Scotland population, particularly
amongst
drug
abusers. Transfusion-associated
NANB
hepatitis is a very rare occurrence with an average of only
3 reported cases annually. In these cases the incubation
period of this parenterally-transmitted form of NANB agent
was found to be on average 7 weeks. A study of
haemophiliacs and renal unit patients has shown that there
are occasional episodes of hepatitis (usually mild) in such
patients. Some of these episodes in renal patients have
'

~

been shown to be caused by cytomegalovirus (CMf), rather
than NANB.
Indeed several alcoholics have also been noted
as suffering from CMV infections.
Despi t~ ·no reproducible specific sensitive NANB screening
test being available, two non-specific tests have been used
within this study. One test, the serum glutamic pyruvate
transaminase {SGPT) test has_been used widely for some time
by biochemistry laboratories to measure non-specific liver
damage. The chosen SGPT cut-off level was shown to be
exceded by only 0 .1% of apparently heal thy blood donors.:
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The other test, the immunoelectroosmophoresis (IEOP) test,
was developed within the study and has been shown to detect
immunoconglutinin (IK) an !gM antibody directed against
bound human complement. High levels of IK, as detected by
IEOP, has been shown in 1441 sera with raised SGPT levels ..
Of these 1441 sera, 986(68%) had acute HAV infections,
184(13%) were HBsAg positive, 95(7%) were shown to be
suffering from hepatitis due to other known agents (mainly
CMV, Epstein-Barr virus (EBV), or atypical HBV), leaving
only 176(12%) unaccounted by known .agents and . therefore
.
....
probably NANB hepatitis by exclusion.. .Without
carefq,l
.
.
.
.

.

:

study most of the 95 with known infections~would have .b.eeh
. ·. ·.
mislabelled as NANB hepatitis. Indeed. over SO c~sci~' ot"·::·· :.
HBsAg-negative acute HBV infections were reve~],ed in;thii~: .. ·
study. Such infections account for 5% of acu:te ~BV.., .·
infections. Interestingly,
21
insta'nces . o1( NANB
hepatitis occurre~,only 2 or 4 months before acute'
infection.
. .·;,~§<·:.

HBV:
. .

.: ..
:!

......;·.. ·:

•.·: ..:,'•

certainly both the IEOP and SGPT tests have. -~~oy&r:_~§):~'~';t:;·;-~,;:J.~/~~;.~!'"/~
extremely cheap, rapid, reproducible and robust scr~e;rifn~·. ,•::·:·.·.: '·.
tests to help routinely identify those patient? suffering·,.. . .
from viral hepatitis (HAV, HBV, GMV, EBV and by excluS.ior}. . '
..
NANB). Such a test strategy hasallowed more effi~i~nt ri~~: .
~--

of. expensive more sophisticated viral diagnostic tes.t~ .tn'
all groups of patients· but in particular those gr·oups
thought to be at little risk. of developing viralhepatitis
.'
?
.
{e.g. ov~r 40 years of age).
'

Despite various claims .in the literature,

.

. .

.

a sensitl:ve

specific reproducible test for NANB he~atltis i~ still
eagerly· awaited to allow a definitive diagn~sis in the
patients and blood dopors in this study.

;

....

.
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CHAPTER l
INTRODUCTION

Human viral hepatitis has been claimed to be the most
important disease il) western countries {Fenner and White,
1970). Hepatitis means inflammation of the liver and in
severe hepatitis jaundice usually occurs. Jaundice can be
defined as the development of yellowing of, the skin or eyes
due to deposition of bilirubin released from damaged livero
Hepatitis or jaundice can be caused by a variety of drugs or
infectious agents. Of the various infectious agents, two
viruses, hepatitis A virus (HAV) and hepatitis B virus
(HBV) are the main known causative agents of acute viral
hepatitis. Although both these viruses have only been
described within the past 20 years viral hepatitis is not a
new disease as "epidemic jaundice", thought to be hepatitis
A, has been known to occur as early as the 8th century
(Zuckerman, 1975);. whereas Schmid (1984) cites 1885 as the
year in which outbreaks of serum hepatitis (hepatitis B)
were first reported.
The work of Krugman and eo-workers (Krugman, Giles and··
Hammond, 1967; KrugmanandGiles, 1970) at thJ)willowbrook
State School proved that there were two imrnunologically
distinct types of viral hepatitis, hepatitis A and
hepatitis B. Although these e~periments would be regarded
as nf·ghly unethical nowadays, they provided essential
information on the modes of transmission, incubation
periods, length of viraemia and viral shedding, and also
the effect of various physical and chemical treatments on
the vi ruses.
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The next great step came with the discovery of a unique
antigen,

now

termed

the hepatitis B surface antigen

(HBsAg), by Blumberg, Alter and Visnich (1965) who were
investigating genetic polymorphism of serum proteins.

At

that time, ·it was called the Australia antigen as it was
first found in the serum of an Australian aborigine when
tested against a haemophiliac serum. Subsequent studies
(Blumberg et al, 1967) showed that this antigen was common
in patients suffering from leukaemia, thalassaemia, and
Down's syndrome. Eventually Prince
(1968)
clearly
demonstrated an association between serum hepatitis and
Blumberg's antigen. Although not containing DNA or RNA,
this particulate antigen was found to be a valuable marker
of hepatitis B infection.

HBsAg was demonstrated in most

cases of serum hepatitis and HBsAg positive donor blood was
shown to cause_serum hepatitis in recipients (Okochi et al,
1970)..

Thus

the

importance

of

HBsAg

testing

became

apparent and simple inexpensive tests suitable for mass
screenin~

for HBsAg were soon developed.

From 1970 all

blood donors in West Scotland were routinely screened,
albeit by what is now known to be an insensitive test,
immunoelectroosmophoresis (IEOP). Despite this screenin.g process and even after the introduction of the more
sensitive

radioimmunoassay

(RIA),

cases

transfusion hepatitis (PTH) continued to

of

"
occu~

post-

and were

thought to be due to hepatitis A virus (HAV).
Feinstone, Kapikian and Pur cell ( 197 3) first described the
hepatit·i·s A antigen but it was not uritill979 that reliable
commercial anti-HAV tests became available in the United
Kingdom. These tests· permitted reliable diagnosis of
acute hepatitis A infection.by serological means.

It was
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soon realised that cases of apparent viral hepatitis or
jaundice were occurring which could not be attributed to
either hepatitis A or hepatitis B.

These cases were

loosely termed non-A, non-B bepati tis and were .diagnosed
basically by exclusion of hepatitis B by HBsAg testing and
hepatitis A by IgM anti-HAV testing. HAV, unlike HBV, has
only a short viraemia so very few cases of PTH due to HAV
have been known to occur (Bollinger et al, 1983). As HAV
was not responsible for the non-B PTH cases, these cases
were rediagnosed as non-A, non-B PTH and the search for nonA, non-B agents became a research priority.
This project was designed to provide some epidemiological
information on non-A, non-B hepatitis in West Scotland and
attempt to dev·elop a serological test to idenii..::iffy
such
'::··;; .
.
cases arid also potential chronic carriers of non-A, non-B
agents.
~·

.
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CHAPTER 2
HISTORICAL REVIEW

OF NON-A, NON-B HEPATITIS

RECOGNITION OF NON-A, NON-B HEPATITIS (NANB)
Non-A, non-B (NANB) hepatitis is not a new disease. Even
before tests for HAV and HBV markers became available,
multiple attacks of hepatitis (>2) had been noted in UK
haemophiliacs (Craske, Dilling and Stern, 1975; Craske,
Spooner and vandervelde, 1978b; and Craske et al, 1978a)
and drug abusers (Havens, 1956; Levine and Payne, 1960).
Further proof of the existence of NANB hepatitis came after
the development of HAV and HBV tests showing that a
proportion of post-transfusion hepatitis ( PTH) cases were
not due to either of these viruses (Prince et al, 1974;
Alter et al, 1975; Feinstone et al, 1975).
There are numerous causes of jaundice or hepatitis
including hepatotoxic drugs, anaesthetics or alcohol as
well as infectious agents. Many bacterial,
mycobacterial, spi rochetal, fungal v rickettsial and parasitic
organisms have the potential to cause hepatitis. Of the
known viruses, yellow fever, rubella, varicella, herpes
simpl~x
and coxsackie, can all occasionally cause
hepatitis but most often as a secondary symptom and then
only in a minority of cases (Dienstag, 1983a). T~e same is
true for two known herpes viruses, Epstein-Barr virus (EBV)
and particularlycytomegalovirus (CMV), but these viruses
are known to have caused PTH cases (Tabor, 1982). Up to 20%
of·NANB PTH cases have been reported to be caused by CMV
(Alter
al, l982a). The remaining 80% of PTH cases are
caused by agents loosely termed as NANB.

et

At present NANB hepatitis remains a diagnosis by .exclusion
and ideally all causes of hepatitis should be excluded. In
practice, this is an almost impossible task and it is only
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the occasional report which even excludes EBV and CMV,..

Too

many reports simply exclude HAV and HBV infection and the
literature has been flooded with such reports resulting in
a completely false impression of the occurrence of
hepatitis caused by unknown transmissable agents..

a

There

is no doubt that
form of hepatitis can be parenterally
transmitted either by transfusion or by needle, e.g. in
drug abusers, and there is good evidence for an epidemic
form of hepatitis very similar to hepatitis A infection,
water-borne but caused by an unknown agent(s).

TRANSFUSION TRANSMITTED NANB HEPATITIS
Normal Patients
Post-transfusion hepatitis (PTH) has ·been said to be one of
the most serious complications of blood transfusion
· (Wallace, 1977). Routine HBsAg screening has r~duced the
number of PTH cases reported . t~ regional transfusion
centres (RTCs) but even when using sensitive techniques,
such as radioimmunoassay (RIA), cases of hepatitis B PTH
still occur.. In the UK cases of hepatitis B PTH are few
(Barbara and Tedder, 1984). Although the cases of
hepatitis B PTH are usually found in haemophiliacs given
clotting factor concentrates prepared from large pools of
plasma, some cases have occurred in other patients who were
given anti-BBc positive blood (Barr et al, 1981) .,. In these
cases it is assumed that HBV was present in sub~"'ktectable
concentrations in the offending units.
Hepatitis .A PTH is a very rare occurrence as determined by
the hand:f.ul of reports in the li tera:ture (Skidmore, Boxall
and Ala, 1982; Barbara et al, 1982; Hollinger et al, 1983) ..
Unlike the other studies Hollinge_r et al (19 83)
conclusively demonstrated th_e aetiologic agent {HAV) in
the original donor sample as well as showing serological
confirmation of HAV in donor and recipient. The rarity of
hepatitis A PTH can best be explained by there being no HAV
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carrier

state,

unlike

HBV.

Indeed

HAV

viraemia

is

relatively short occurring only for several days prior to
onset of symptoms when HAV disappears from the circulation
on

the

development

of

antibody.

Furthermore

the

concentration of HAV in blood is relatively low compared to
the level found in stools.
I

Unlike HAV and HBV, no serological marker exists for NANB
and diagnosis is made on the assumption of no involvement by
either HAV, HBV, CMV or EBV.

The low number of cases of

NANB PTH found inN London (Barbara and Tedder, 1984) is in
stark contrast to that found in two studies in the USA
(Alter et al, 1981; Aach et al, 1981) where up to 10% of
transfusion recipients had been reported as developing
NANB PTH. This represents around 10-2 8 cases per thousand
units transfused.
The National Institutes of Health {NIH) (Alter et al, 1981)
and Transfusion-Transmitted Viruses (TTV)

(Aach et al,

1981) studies are the two main prospective studies on NANB
hepatitis~

The

NIH

study

examined

283

transfusion

recipients aftei: open heart surgery, whereas the TTV study
followed

1513

transfusion

recipients.

Both

studies

diagnosed NANB PTH biochemically on the basis of raised
serum alanine aminotransferase (ALT) levels (NIH >llOiu/L;
T'IV >90iu/L).

Although both HAV and HBV serologi"cal tests

were performed in the TTV study, no account was taWen of CMV
or

EBV.

Indeed,

5

cases

of

possible

considered to be NANB PTH in the NIH study.

CMV

PTH

were

Despite this

criticism,
these two studies showed a close relationship
··.,·.
·between ·the risk of NANB PTH and donor serum ALT(SGPT)
levels.
In the ';['TV study,· 42% of all the recipients developed
hepatitis after being given blood of which at least one unit
had an ALT greater than 45 iu/L. Similarly, 47% of those

j'
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given blood with an ALT greater than 60 iu/L developed
hepatitise If the 3.1% of donors with ALT levels greater
than 45 i u/L were excluded, 3 8% of NANB PTH cases would have
been prevented, whilst excluding the 1.6% of donors with
ALT levels greater than 60 iu/L would have prevented 24% of
NANB PTH cases.
When only single unit transfusions were considered again
42% of recipients of units greater than 45 iu/L and 50% of
those given units greater than 60 i u/L developed hepatitis.
So if all donors with ALT levels greater than 45 iu/L were
excluded, 26% of NANB PTH cases could have been prevented,
whilst excluding donors with ALT levels greater than 60
iu/L could have prevented 15% of NANB PTH cases. Moreover
hepa ti ti s developed in 10 of 11 recipients of 2 units both
with ALT levels greater than 45 iu/L.

On the basis of these

results the TTV study concluded that ALT testing is a
potentially useful method of screening

do~ors

to reduce the

incidence of NANB PTH.
The NIH study (Alter et al, 1981) conducted independently
to the TTV study showed that 29% of recipients given blood
with

an ALT

greater

than

54iu/L

developed hepatitis

compared to 9% of recipients given blood with an ALT less
than 54iu/L.

If the 1.6% of the donor population with ALT

levels greater than 54iu/L were excluded 29% of NANB PTH
cases would have been prevented.
results, if routine donor ALT

On the basis o't these NIB
~-

scre~ning

was introduced 7 0%

. of PTH cases would still not have been prevented and also
70% of donors with elevated ALT levels were not associated
·with cas.es of NANB PTH.

Thus the ALT test has a 70% false

negati~~ iate and a 70% false positive rate.

These

two

US

studies

estimation of NANB PTH.

have

given

a

moderately

high

In ~ctual fact, Hornbtook et al

(1982) have indicated that the "true" incidence of NANB PTH
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as reported to volunteer blood collection agencies is
around 0 .,l to 0. 2 cases per thousand units issued (compared
to 10 to 28 cases per thousand units in the above two
Thus when ALT follow-up studies are not
performed on transfusion recipients, around one in every
studies)~

100 hepatitis cases is actually being reported. Put in
another way, 99 of every 100 hepatitis cases are never
brought to the attention of the transfusion centres or are
not considered to be hepatitis by practitioners or are not
even thought to be serious enough by the patients
themselves to warrant medical attention. Furthermore
2.9% of a control hospitalized population in the TTV study
developed NANB hepatitis although they had not received any
blood or blood products (Hollinger et al, 1982a). This
suggests that the ALT criteria used for diagnosis may be too
low. Nevertheless these two important studies have proven
that in the USA a mild form of hepatitis after transfusion
is not uncommon especially if the transfused blood has an
abnormal ALT level. No comparable study has been carried
out in the UK.

Haemophiliac Patients
Many haemophiliacs receive large doses of clotting factor
concentrates _(Factor VIII or IX) which are produced from
plasma pooled from at least one thousand donors. It is
well known that the fractionation

procedures~can

also

concentrate viruses in the final products and Fc:ictor VIII
and IX are recognised sources of hepatitis B and HTLV III
infection in haemophiliacs~ It would follow that if NANB
agents are present in donor blood then these would also be
concenti~ted

in Factor VIII and IX preparations.

Haemophiliacs have often been the subject of reports of
_NANB PTH in addition to hepatitis B PTH (Cameron, 1982).
Indeed two forms of NANB PTH, one with a short incubation of
1-5 weeks and the other with an incubation period of 7-12
.i

I
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weeks have been associated with different clotting factor
concentrates -· Factor VIII and Factor IX respectively
(Craske et al, 1978b).
Chronic ALT elevations are common in haemophiliacs.

Some

of these elevations have been attributed to HBV, whilst
others have been attributed to NANB (Gerety et al, 1980} ..
Myers et al (1980) reported 5 episodes of acute hepatitis
(short incubation) in a haemophiliac given the same batch
of the same manufacturer's Factor VIII. As it would be
illogical to suppose that repeated NANB infection was
taking place, the only explanation was that the
haemophiliacs had developed an allergy to a particular
component of the Factor VIII concentrate. Although such
reports cast doubt on the existence of NANB hepatitis,
several others have shown that Factor VIII and Factor IX
concentrates implicated in cases pf NANB PTH in
haemophiliacs, can cause hepatitis in.chimpanzees.
Renal Dialysis Patients
Renal dialysis patients frequently receive ·blood for two
main reasons. Firstly, at each dialysis session the
dialysis patient loses some blood in· priming the dialysis.
machine and therefore regular red cell transfusions are
required to prevent the patient from developing anaemia.
The other reason for transfusion is· to expose these
patients to' foreign histocompatability (HLA} ~ritigens
present on transfused lymphocytes. This process has been
shown to aiq in preventino reiection of. future kidnev
transplants {Fehrman, Ringden and Mo11er, 1983; Sanf i1ippo

et al, 1?8.4).
The 196 9 outbreak of hepatitis B in the Edinburgh renal
dialysis unit was extremely severe, affecting both
patients and staff alike. An unusually high mortality rate
( 24%) was recorded.. As hepatitis B was known to be around
in the unit prior to the outbreak, the current theory is
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that the outbreak was probably due to a dual infection of
HBV and at least one NANB agent (Marmion et al, 1982).
Certainly NANB and hepatitis B are still not uncommon in
dialysis patients.
A su-rvey of 66,236 USA renal dialysis patients; in 1982
(Alter, Favero and Maynard, 1984) revealed a 1.6% incidence
of NANB hepatitis, compared to 0.4% for hepatitis Bo
However
the
er i teria
used
for
diagnosis
varied
considerably from centre to centre and it was not known how
accurately the disease was reportedo Gmelin et al (1983)
showed. 9% of West German dialysis unit patients developed
NANB hepatitis over a 2 year period. In the same period I gM
anti-CMV was detected in 15% of home dialysis patients. An
outbreak of NANB hepatitis in Fulham in 1968-70 involved 29
individuals, of which 8 had persistently elevated LFTs
suggesting a chronic course (Galbraith et al, 1979) ~
Unfortunately although this report also mentions a
previous outbreak in 1966-67 within this unit involving 7
of the 29 patients, the specimens had not been tested for
anti-CMV or anti-EBV.
Hepatitis B has been completely controlled in the UK
dialysis centres since the last outbreak twe.lve years ago,
apart ·from solitary individuals developing hepatitis B.
In the years 1973-75 around 4-5% of UK dialysis patients had
abnormal· LFTs but only one-third of these pa'~ients had
levels more than 2.5 times the upper limit of normal Le.
around l.S%pa had NANB hepatitis (Polakoff, 1981).
· Althou9h NANB hepatitis may be introduced into dialysis
units by means of . blood or blood products, a few nontransfused individualS· within these units have been shown
.
.
to have raised LFTs suggesting that modes of transmission
other than transfusion can be responsible.
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Cardiac surgery Patients
Not many prospective studies have been carried out to
determine the incidence of NANB PTH but of those in the
literature, most have used cardiac surgery patients for the
following reasonso

Firstly cardiac surgery patients tend

to be transfused with large volumes of blood (Alter et al,
1975 used an average of 18 units).

Also these patients

receive their blood at one particular time rather than
spread over a long period (as in dialysis patients who
frequently get "topped-up"), and therefore it is simple to
determine the incubation period of NANB PTHo One major
drawback in using cardiac surgery patients for such studies
is that myocardial infarcts often cause LFT rises (Sigrna
1984) •
From the studies cited in Table 2.1 the incidence of NANB
PTH had a wide range, varying from 1.6% in Australia
(Cossart, Kirsch and Ismay, 1982) to 30% in Japan (Ohori et
al, 1983a). Although some of these studies hi:we produced
similar

results,

quite often major differences exist

between them. For example, comparing the two studies with
similar incidence rates, in the Italian study ( Tremolada et
al, 1983) one third of the cases were jaundiced, whilst in
the Swedish study ( Grillner, Bergdahl and Jyrala, 1982) all
patients were anicteric but 50% had ALT elevations after
one year o

Unfortunately the only UK study perf,prmed by
'\

'

Coli ins et al ( 19 83) on Newcastle cardiac patients, )?ut more
emphasis on AST rather than ALT determinations, despite ALT
being a m·ore accurate estimate of liver dysfunction.
Another fault in this study, as pointed out by Arenson,
Lewis and Zimmerman (1984), was that only 44 of the 248
patient:~

were followed up between discharge and the 6 month
'follow-up, so that many acute NANB hepatitis cases could
have gone unrecognised.

Table 2.1 Prospective studies of-PTB in cardiac surgery Patients
Reference
Alter et al (1975)
Alter et al. (1981) ·
Tremolada et al (1983)
Grilln~r et al (1982)
Ohori et a1 . (1983)
Cossart et al (1982)
Col1ins et il (1983)
~ut-Kaspa et al (1983)

c~untry

USA
USA
Italy
Sweden
Japan
Australia
UK
Israel

Number of
Patients

Post Transfusion Hepatitis
NANB

ON

HBV

108
283
297

5. 5%
12.4%·
18%
19%
30%
1.6%
3 .. 2%
8%

1. 8%
0
2.7%
lo4%
0
0.12%
0
0

3.7%
0.3%
0.7%

74
204
842
248
50

0

0
3.9%
0
0

Defined
By
ALT2.5x
ALT>llO
ALT2.5x
ALT2 .5x
ALT>lOO
ALT/AST2. Sx
ALT/AST>lOO
ALT/AST5x

-·~-=--...,.~~~"'

r

~
0
0

--"
(..)
(..)
(..)

0
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Recipients of Intra-venous Immunoglobulin
The introduction of intravenous immunoglobulin (IVIg)
allows much more immunoglobulin (I g) to be transfused than
the intramuscular equivalent. IV!g has also been found to
be therapeutically beneficial in immune thrombocytopaenic
patients
or
hypog~mmaglobulinaemia
patientsD The
intramuscular preparation has generally been thought to be
safe from transmitting hepatitis but IVIg has been
implicated in NANB PTH as defined by abnormal AST or ALT
levels or the development of jaundice (Lane, 1983; Lever et
al, 1984; Ochs et al, 1985). Unfortunately Lever et al
· (1984) used AST as a marker of liver dysfunction in
preference to the more acceptable ALT determination
(Brettle, 1985). Lever et al (1984) only found 2 jaundic.ed
cases (incubation period of 4 weeks) whilst the remaining
27 patients were all anicteric, showing the mild nature of
NANB .hepatitis. Similarly Ochs et al (1985} found oni§h.
jaundiced case whilst 6 had ALT or AST rises and the
remaining 9 had normal ALT and AST levels.

NON-TRANSFUSION TRANSMITTED NANB HEPATITIS
Most cases of hepatitis after blood transfusion are
classified as PTH but it should be remembered that
hepatitis can occur in non-transfused individuals.
Indeed in the T'IV study Hollinger et al ( 1982a) showed that
2. 9% of non-transfused controls developed NANB heR?tti ti s.

.

1

Many studies have been performed on patients with vii:ai
hepatitis to ascertain how great a clinical problem NANB
hepa.titis really is.. Table 2.2 lists several recent
studies. frOm around the world.. One of the studies with a
high proportion of viral hepatitis due to NANB, showed that
4'2% of the cases were. in. drug abusers, . 11% PTH and 6% were
health workers, leaving 25% wit}) no known cause (Alter et
al, I982b). Alarmingly 42% of those with NANB appeared to
have eh ronic NANB hepatitis as judged by raised LFTs a·t 6

;

Table 2.2

studies on the.proportion of viral hepatitis due to NANB

Region

. Years

. ALT(AST)

cut-off

w.London
W 1ondon
London
London
E Scotland
Malmo
Stockholm
Gothenburg
Copenhagen
Padova,rtaly
Baltimore.
Baltimore
Los ~ngeles

-

1972-5
;1972-5

2X.
2.5X

-

-

-

1982
1970-9
1977-8
1974-6
1977-8
1979-80
1979-80
1979-80
1974-75

diagnosis
5X

sx
sx
biopsy
SX

2.5X
diagnosis

Hepatitis

Chronicity

Reference

4.3%
13%

-

-

75%
42%

40-50%
17%
23%
13%
14%
15%
42%
45%
20-25%

-

Farrow et a1 (1979)
Farrow et a1 (1981)
Bamber et al (1981)
Bamber et a1 ( 1983)
Hopkins (1983)
Widell et al (1982)
Wei1and et al (1981}
Norkrans et al (1979)
Kryger et a1 (1980)
Bortolotti et a1 (1982)
Alter et al (1982b)
Sampliner et al (1984}
Dienstag et al (1977)

·%

··NANB

-

-

30%
7%

42%

-

-

\

_,..~_,...._j;.-r:

r

~
0
0

......
(...)
(...)
(...)

1\J
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months.

A follow-up of this study (Sampliner et al, 1984)

showed that 3 patients with normal ALT levels at 6 months
were again elevated at between 8 and 12 months, suggesting
that the finding of normal ALT levels does not always mean
resolution of

Sampliner et al

hepatitis~

(1984)

also

reported that raised ALT levels at 6 months occur red in 3 5%
of

NANB

patients

who

had

(transfusion or drug abuse)

been

parenterally

compared to 47%

exposed
of

patients who had no apparent parenteral exposure.

NANB
This

suggests that the development of chronic ALT dysfunction
occurs independently of infection source.
The table also highlights discrepancies between studies on
apparently identical populations. For example Farrow et
al (1981) found 13% of viral hepatitis was due to NANB
whilst two years previously in a preliminary report (Farrow
et al, 1979) only 4 .3%. of viral hepatitis was due to NANB- a
three-fold difference in estimation which cannot be
explained other than by changing the diagnosis criteria.
Also in the UK, Bamber et al (1981) found that 9 of 12
patients with NANB had chronic NANB, whilst two years later
· only 5 of 12 patients had chronic NANB. Another paper
(Weller et al, 1984) by this group showed that 53% of 116
heroin abusers had raised AST levels. Unfortunately this
study like others by this group utilised AST levels in
preference to ALT levels.
As can be seen from Table 2. 2 the

proportio~

of viral

hepatitis due to NANB hepatitis varies from study to study
but generally speaking 10-20% appears to be the concensus.
The criteria for NANB hepatitis diagnosis also varies from
laboratory to laboratory. Some are biopsy proven, others
diagnosed on clinical symptoms, whilst the remainder are
diagnosed on the basis of

AL~

(or AST) levels.

Even with

ALT levels there is some variation, with some studies using
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a cut-off

level of 2, 2.5 or 5 times the upper limit of

normal
(Table
2 .2). Furthermore
ALT
estimations,
although moderately easy to perform especially with the
help of robotic machinery, can vary considerably between
laboratories, with some laboratories having completely
different upper;limits of normal from others {Sherman et
al, 1982). A more general fault in many of these studies is
that serological tests such as anti-HBc were not performed ..
Also surprisingly, very few hepatitis cases due to either
. EBV or CMV were revealed, suggesting less than rigorous
testing for these agents.
Thus although the literature contains numerous papers on
NANB hepatitis, questions have to be asked regarding them.
The diagnosis of NANB hepatitis remains a diagnosis bas~d
on exclusion of HBsAg and IgM anti-HAV markers, because of
the lack of a ·specific se.re>,*ogical NANB marker. In
addition to these markers, known viruses such as EBV and CMV
should be excluded before a NANB hepatitis diagnosis is
ma'de. Therefore each new NANB paper should be examined
· thoroughly· and the following questions asked. Firstly,
what serological tests have been performed (are they all
third generation techniques?) and do they include tests for
anti-HBc, EBV and CMV? Secondly, what proportion of viral
hepatitis is due to atypical HBV (HBsAg negative), EBV or
CMV? If this proportion is low perhaps the tests are
either too insensitive
or alternatively have rh>t
been
.
1
performed. Finally there is some discrepancy. between
studies on the ALT cut-off level used. Obviously, the
higher the cut-off level the greater the prop(?rti()n of more
·severely ,af·fected individuals; whilst the lower. the cutoff the greater the pro~ortiqn of mildly . affected
indiv.iduals •. None of these studies ha~ determined what
proportion of apparently healthy normal individuals would
b~ .. classified

as having
"established" criteria.

NANB

;hepatitis

using

their
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EPIDEMIC NANB HEPATITIS
The types of NANB hepatitis encountered in USA and Europe
are mainly associated with parenteral transmission (as
measured by the number of drug abusers and transfused
individuals

who

develop

NANB

hepatitis),

whilst

the

epide~ics

of NANB hepatitis which have occurred in less
affluent countries such as India, Burma, Nepal, Ethiopia,
Libya and South USSR, imply that the epidemic NANB agent is
probably transmitted via the faecal-oral route ( wong·et al,
1980; Khuroo, 1980; Balayan et al, 1983; and Kane et al,
1984). One of the worst epidemics was in Delhi in 1955 when
around 35000 hepatitis cases occurred and an unusually high
mortality rate was observed in pregnant women. Although
this and subsequent epidemics were originally thought to be
caused by BAV contaminated water supplies, the development
of reliable BAV tests confirmed suspicions that an agent
.other than HAV had been responsible.
Some have criticized the epidemic NANB reports stating that
a hepatotoxic substance may have been the water contaminant
rather than a virus (Dienstag, 1983a). However the long
incubation period (around 40 days) and the ·occurrence of
secondary cases would suggest that the cause was an
infectious agent, very similar in many ways to HAV.
Sreenivasan et al (1984) managed to detect a 27nm spherical
virus particle in the stool of a patient suffering from
epidemic NANB hepatitis. Another independent '<',;report by
Kane et al (1984) also showed a 27nm virus particle to be
associated with epidemic NANB hepatitis in Nepal. In this
report marmosets were also shown to be susceptible to the
agent wh:ilst chimpanzees were not. These reports suggest
a similai"i ty between epidemic NANB hepatitis and HAV rather
· than the other • parenteral' hepatitis agents. However; it
should be pointed out that in the electron microscope 27nm
particles, HAV and small round viruses are all quite
featureless and therefore quite indistinguishable.

,.:-:. . .
~~·::::>

.

ii···.· .

•

t
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Nevertheless

these

reports

have

stimulated

others

(Zuckerman, 1~85: Tabor, 1985) to claim that there are at
least three NANB hepatitis agents, two parenteral and one
faecal-oral.

ANIMAL MODEL SYSTEM
NANB hepatitis would appear to have been transmitted to.
human volunteers in studies conducted in the 1950s
(Hoofnagle et al, 1977; Dienstag et al, 1981). In the
absence of human volunteers and because chimpanzees had
been shown to be susceptible. to another parenterallytransmitted hepatitis virus (HBV), chimpanzees became .the
first choice for transmission studies. It was thus not
surprising when chimpanzees were shown to be susceptible to
NANB agents (Alter et al, 1978; Tabor et a1, 1978a). The
original NANB inocula were either Factor VIII or IX
concentrates or dona,r plasma implicated in NANB PTH cases.
Since then, many other groups of investigators have
reported NANB transmission to ch~mpanzees and subsequent
serial passage (Prince et al, 1978; Bollinger et al, 1978
and 1980; Tabor et a1, 1978b and 1979a; Wyke et al, 1979;
Bradley et a1, 1979, 1980, 1982 and 1983at Yoshizawa et a1,
1980; Feinstone et al, 1981 and 1982; Eder, Gudat and
Bianchi, 1982; Tabor and Gerety, 1982; wands et al, 19 82;
Duermeyer, · stute and He1lings, 1983a; Trepo et al, 1983.) ..
Prince et al ( 197 8} proved NANB to be a virus by showing that
the agent responsible was filterable.
Despite NANB hepatitis being relatively mild and often
symptomless in· humans compared to the other hepatitis
vi ruses, ther~ is a disturbing propensity for it to become
chronic espe'cially in those infected via the parenteral
route. on the other hand, ~poradic NANB cases tend to
resolve naturally (Norkrans, 1978; Norkrans et al, 1979).
In chimpanzees, NANB hepatitis also appears to be a mild
disease with

ALT levels usually only.moderately raised
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(100-300 iu/L) and only rarely greater than 400

iu/L

(Dienstag, 1983b). Jaundice in chimpanzees was hardly
ever observed. Although incubation periods appeared to
breed true, patterns of ALT elevation (biphasic, etc) did
not.

Chimpanzees have been infected with material from

other chimpanzees as early as 12 days prior to the .onset of
clinical illness (Bollinger et al, 1978). At the other
extreme, chronic viraemia in chimpanzees has been shown by
transmission of NANB hepatitis to susceptible chimpanzees
from chimpanzees inoculated 4 years previously (Bradley et
al,
1983b). Also
some
chimpanzees
have
had
a
recrudescence or reactivation of clinically severe disease
2 to 3 years after onset of acute infection.
The use of chimpanzees has also helped to ascertain the
length of time humans. can remain infective~ As blood with
normal ALT levels (human or chimpanzee) has .been shown to
transmit NANB hepatitis to chimpanzees, this would suggest
that an asymptomatic carrier state exists. Furthermore
one particular blood donor has been showh to be infectious
'in chimpanzees over a period of 6 years (Tabor and Gerety,
19 82) •
Another use of chimpanzees has been to demonstrate that
NANB hepatitis is unrelated to other known agents. For
example, HBV, HAV, CMV or EBV antibodies did not develop in
any animal experimentally infected with NANB.

~nimals

shown to have pre-existing immunity to HAV and HBV have
become infected with NANB and vice-versa showing that these
viruses

are

unrelated

(Oienstag,

1983b).

However,

Bradley et,.al (1983a) and Tsiquaye et a1 (1983) both showed
that when a chronically HBV infected chimpanzee was
superinfected with NANB, a marked reduction of HBsAg titer
occurred, similar to that foun_d with hepatitis D virus
(HDV) or delta agent (Rizzetto et al, 1984).

Also Brotman

et a1 (1983) and Brad1ey et al (1983h} have shown that when
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chimpanzees with chronic NANB hepatitis are challenged
with either HAV or HBV,
suppressed or inhibited.

both

infections were either

The cross-challenge studies by Bradley et al ( 1980) proved
the .existence of two ~ifferent NANB agents, one-with a short
incubation period (2 to .6 weeks) and the other with a long
incubation period (10-20 weeks). The short incubation
form was associated with Factor VIII or "H" (Hutchinson)
strain plasma from a patient with acute NANB PTH. "H"
strain plasma is known to be highly infective, having an
6
infectivity titre of at least 10 /ml and is associated with
clusters of amorphous particles. The long incubation form
was associated with Factor IX or "F" (Forress) strain
plasma. The "F" strain plasma was from a patient with
chronic NANB PTH, with an infectivity titer of less than
2
10 /ml which is about the average infectivity found with
·most proven infectious NANB material. The "F" strain
consistently caused a mild hepatitis in infected
chimpanzees and has been associated with cytoplasmic
~ubu~ar

structures (Feinstone et al, 1982).

Yet another use of chimpanzees has been in testing the
~ffects of various inactivation procedures (Table 2.3).
Formalin inactivation appears to be

~ffective.

As the HB

vaccine currently prepared in the USA from HBsAg positive
}
plasma donors is also inactivated with formalin this
vaccine could also be a NANB vaccine if these donors were
also carriers of NANB agents. However the effect of this
vaccine in-preventing NANB hepatitis is unknown.
Apart from chimpanzees, marmosets and .tamarins have been
shown to be susce}?tible to NANB hepatitis (Feinstone et al,
19_81, 1982; Karayiannis et al, 1983), although in tamarins
tqe ALT elevations observed were very mild (<80 iu/L).

Table 2 .. 3 NANB_hepatitis inactivation procedures
Method
Reference
Formalin 1:1000 37°C 96h
Fotma1in 1:2000 37°c 72h
100°C 5 min
60°C 10h
Heating
BPL + UV

Tabor and
Yoshizawa
Yoshizawa
Tabor and
Bollinger
Prince et

Gerety, 1980
et al, 1982
et a1, 1982
Gerety, 1982
et al, 1982b
al, 1980

Prince, Stephan and Brotman, 1984c
Prince et al, 1985
Yoshizawa et a1, 1984
Prince et a1, 1984a
Dienstag, 1983b

BPL 0.05% 4°C 20 min
Tween 80 1%+Ether 20% 4 0 C 18h
Chloroform

~,.,...,.~..,.-:;

r

~

0
0_....

-~~"-'
-,~---· -·-·---·~c.oc'7·-~ ~::.'~'~--~~~-;.;..~
.. -·--- ---'~
~.-·:....-;·~-·""··~:~-:'5;-~§:;:~_;·S:.o-~-:::-:---.-_,_.._.._....
"'-'"-"<;:....'

•

• ...;;_;;:.:

--~
-~---· ·--.
~----.:A._i."~~·-,··

".

·<··

·::=.~-=~-:-~::-_:.::_:·_::::_=---~-- --.·------:-·c~-------~-~~-~--,~.,..-..-~

(...)
(...)
(...)

c.o

LIT.001.3340

lf'f:

{~;Y·::·..,~
;:··

36

i:'

'·.·,.

CANDIDATE NANB AGENTS AND SEROLOGICAL MARKERS

Virus-like particles
Many viruses have a very distinctive surface morphology
whi eh makes

them

readily

identifiable in an

microscope.

HBV

can

distinguished

prepare<? from
carriers.

the

HAV,

be

serum

however,

of

infected

electron

in

specimens

individuals and

even when present

in faecal

extracts cannot be distinguished from many other small
round viruses because of a lack of surface pattern.
a non-structured small round virus.

HAV is

Sera from normal

healthy individuals contain many particulate bodies in the
20-30nm range which are readily visualised in the electron
microscope and can be easily confused by inexperienced eyes
with non-structural small round viruses in that size range.
Many groups have examined serum from acute NANB cases and
"supposed" NANB carriers and have reported "virus-like"
particles (Table 2.4). Some groups have examined thin
sections of liver biopsies and also identified "viruslike" particles.

This latter approach is also frought

with difficulty as evidenced by the countless reports in
the 1960s of "virus-like" particles in thin sections of
human

tumour

biopsies

at

a

time

when

viruses

were

relatively novel agents thought to be potential causes of
many cancers.

A similar situation has arisen in the 1980s

in relation to NANB agents and this is exemplified by the
studies of Spichtin et al (1984).

On examining human liver

biopsies these workers found nuclear virus-like spherical
and tubular particles measuring 20-29nm diameter

i~·t5

of 7

clinically healthy volunteers, 6 of 10 hepatitis B patients
and 17 of 18 NANB hepatitis patients including one with an
apparent CMV

infection~

What is clear from all the attempts to identify a virus in
NANB material is that no distinctive virus particle has
been consistently·identified.

~he

list in Table 2.4 may

contain one or more genuine NANB vi ruses but these are not
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1.tlble 2 ..4 Virus-like plrticle sizes reported in the literature
Particle
Size
llnn
20, 27;,..33, 50nm

SOurce

Method

Reference

Material

I'

u

N··.·

s

N

Ohori et al, 1983b
MacFarlane, Mankikar

&

Buchner, 1981

Bollinger and Alter, 1978

20-22nn
20-22nn
(GB agent)

N

Almeich et al, 1976
Spichtin et. al, 1984
Hopkins et al, 1983

20-29nn
20;_30nm

B

T

s

N

22nn

B

22-25,37-42rnt
(BBV-like)

B

cabral et al, 1981

N&T

Hantz, Vitvitski and Tre};X), 1980
Trepo et al, 1980 and 1982

N

COssart et al, 1975

S+B

23rln
(Parvo'like)
.23iml

B

T

Watanabe et al, 1984

25-i7rin'

s

N

YoshiZawa et al, 1900 and 1981

2711:n.

cB

T

Bradley et al, 1979 and 1980

F

N

.Kane et al, 1984

F

N

Sreenivasan et al, 1984

29-34nn
..

LH

N

Tbhmatsu et al, 1985

.

s

N

Mori et al, 1900

34-36nn

mLH

N

Dienstag et al, 1976

35~40,as...:9onn

cTC

T

Prince et al, 1984b

60nn
(toga--like)

U+S

N

cOursaget et ill, 1979

BOrln

d)·

N

Bradley et al, i984a

s

N

WUiiams, Wright and Miller, 1980

.· 2~~29lin.
· {Epic.leimic)

· :i7~29nn:
(Epidemic)

.32nm :. ·
.

,

. ~·.-

.

(Ga··a.~t)

.

(t~~like)

80;_140nn

Cparanwm>

Williams

et

a!~ 1982

c~chirripimzee; m=m~rinoset; others are :human

B=Li ver Biopsy; F=Stools; LH=Liver Homogenate;.
S=Serum; TC=Tissue Cui ture; tJ=Urine
-·

T=Thin section; N=Negative stain
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sufficiently distinctive to enable electron microscopy to
be a useful tool in identifying NANB agents.

Serological markers
In attemJ?ting to develop serological tests for NANB viruses

several assumptions have to be made.

Firstly, that the

agent behaves like a normal virus eliciting an antibody
response which appears in the convalescent phase.
Secondly, that there are carriers of the agent within the
population and these carriers have virus particles
circulating in their bloodstream in a form which can
interact with antibody. some workers hav.e also assumed
that NANB and HBV are so similar that at the peak of an acute
NANB infection virus particles will be abundant as in the
hepatitis B situation. Unfortunately HBV is unusual as in
for example hepatitis A infection no virus is present in
blood at the peak of infection"' If the NANB virus is
unusual in that the antibody response is weak or delayed (as
in some HBV infections), or that the viral information is
"carried" via an unusual mechanism (e.g. in lymphocytes),
then attempting to set up serological tests based on simple
assumptions will produce much misleading and conflicting
data.

If it is assumed that the NANB virus is normal then
identifying a source of antigen and antibody
present~ many
.
. .,
problems. The ideal source of antibody would be a young
person, fully fit and healthy, a non-smoker, non-drinker,
not a drug abuser, not under any medication, having an
unblemished medical history who required transfusion and
who subsequently developed a hepatitis, which was found
after extensiv~ and thorough investigation to be caused
. neither by HAV, HBV nor any other agents known to cause PTH.
Not surprising such cases are very rare and most .groups
seeking "reagent" cases have accepted very much less than
~his ideal situation.
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The

NANB

carrier

whose

blood

has

repeatedly

caused

hepatitis in recipients is very rare although two such
donors are known in the UK (Field et al, 1983; Barbara,
Contreras and Briggs, 1983}. Most groups have been unable
to identify such donors and have had to assume that a donor
whose blood was implicated in a NANB case simply had virus
present at that time only.

If the NANB diagnosis is wrong

in such a case then use of the donors blood as antigen can
lead to a whole collection of misleading data.
It is clear that identifying good "reagent" NANB cases is
crucial to developing a reliable test system.

This is

extremely difficult as evidenced by the lack of a specific
sensitive reproducible serological test at this time in
spite of over 30 different reports to the contrary where
workers have used a variety of reagents and techniques.

Immunodiffusion
Of all the serological tests used for NANB hepatitis,
immunodiffusion is by far the most commonly reported
method.
Shirachi et al (1978) described the first "hepatitis C"
antigen using immunodiffusion..
impetus

for

This report provided the

research workers throughout

the

commence searching for their own NANB markers.

w-~rld

to

One major

criticism of Shirachi's test was that a particular serum
sample

containing

"antibody"

when

tested

against

an

.earlier serum from the same patient, later contained
"antigen" on testing against a later serum again from the
same patient

(Di~nst;.,ag,

1983b).

Soon after ·shirachi' s initial re·port Vitvitski et al (1979)
. found 2 parallel precipitin lines on testing NANB sera by
immunodiffusion.

One of these precipitin 1 ines was shown
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;,
11

I,
!1
;~

to be similar to Shirachi's markers.
the same group
serological

(Trepo et al,

markers

described

1980)
had

Further studies by
showE;!d that NANB
apparent

cross-

reactions with HBV antigens, BBcAg and HBeAg-3. Prince
(1982) has since refuted this apparent HBV-association but
Trepo et al ( 1980 and 1982) are still convinced that one of
the NANB viruses is very similar to HBV having surface, core
and e antigens and corresponding antibodies.
Hopkins et al (198la) also used an immunodiffusion test and
exchanged sera with Trepo, Shirachi and overby (Abbott
laboratories) o Trepo and Shirachi agreed with Bopkins on
the 3 sera exchanged. Overby also agreed with Hopkins on
the 5 sera he received. However Dr Prince (New York) on
testing the same 3 sera sent to Trepo and Shirachi, only
found one sample reactive and this was shown to be
"antibody" reactive whilst the others found it to be
"antigenicu. suh et al (19.81) also found that the Hopkins
antigen also reacted as antibody. Despite further
correspondence
between
these
two
groups
via an
intermediary, the Lancet, ( Eddleston et al, 1981; Hopkins
et al, 198lb) the issue as to which interpretation was
correct was left to the reader to decide.
Other immunodiffusion systems that have appeared in the
literature include those of Chircu et al (1980), Williams
et al (1980}, Spertini and Frei (1982), Ohori et al ,~1983b),
Zhuang et al (1983) and Tohmatsu et al (1985). '
Despite the various claims for specific tests, panels of
.

s~ra

inclq_ding known infective material together with sera
from normal healthy blood donors, distributed by Dr H J
Alter of the National Institutes of Health (NIB) USA in 1980
and 19.81 have shown that the immunodiffusion tests were
poor performers (Alter et al, 1982a; Alter, 1983; Alter and
Hoofnagle, 1984). Alter (1983) also noticed that the

ii

li

:I
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te~ts

which performed poorly usually identified a NANB

hepatitis serum that contained rheumatoid factor

(RF)o

Roggendorf and Deinhardt (1983) and Roggendorf et al (1985)
have shown that their NANB antigen was actually an I gM antiIgG RF, seemingly not demonstrable by available RF tests.

! •.

Immunoelectroosmophoresis(IEOP)
The immunoelectroosmophoresis (IEOP) or counterimmunoelectrophoresis (CIEP) test has been successfully used for
many years to detect HBsAg and its antibody (Milne and Barr,
1971). The principle used in the test is that under the
influence of an electric current antigen moves towards the
positive charge, whereas antibody moves towards the
negative charge because of electroendosmotic flow. As
with immunodiffusion where antigen and its corresponding
antibody meet in optimal proportions a prec.ipi tin line
developso

These precipitin lines can be easily viewed by

examining plates agarnst a da~k background with side
illumination. The IEOP test can distinguish between
"antigen" and "antibodyn and its sensitivity in theory
should be about 10 times greater than immunodiffusion.
The only workers to exploit IEOP for NANB testing have been
Tabor et al (1979b) and Trepo et al (1980).
Immunofluorescence
Although immunofluorescence (IF) does
not lend
.

its~lf

.,

to

large scale screening some groups with access to liver
biop9ies have used the technique in an attempt to search for
NANB markers.

Vitvitski et al (1979) showed a nuclear

fluorescence in liver sections from 4 patients with NANB
hepatitis. · This
nu·clear
fluorescence
could
be
neutralised by the addition of unlabelled anti-NANB from 3
d.ifferent sources {haemophiliac, convalescent nurse and
chimpanzee).
Vitvitski

The same group, Trepo et al ( 1980) and Trepo,

and

Hantz

( 19 81)

also

detected

their

_:I
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NANBcAg/anti-NANBc system using this technique.
hands

IF detected

hepatiti~

twice as many

In their

sporadic acute NANB

as IEOP.

Other workers who have used IF include Kabiri, Tabor and
Gerety (1979).

Again Alter's NIH panels have proved that

the IF test for antibody had poor reproducibility, and was
insensitive and non-specific (Alter et al, 1982a; Alter,
1983} •

Reversed
Passive
Haemagglutination,
Immunosorbent Assay and Radioimmunoassay

Enzyme-linked

Currently the most sensitive serological tests for HBsAg
detection are radioimmunoassay (RIA), followed closely by
enzyme-linked imrnunosorbent assay (EL IS A) and reversed
passive haemagglutination (RPHA) (Barr, Dow and Macvarish,
1979).

It is therefore not surprising that some groups in

the search for NANB markers have utilised these techniques.
The first such test was ·aescr ibed by Prince et al ( 197 8} but
proved to be unreliable, insensitive and non-specific.

A

"hepatitis related antigen" or HRA was then detected using
an RIA system ( Neura th et al, 19 80) • This HRA antigen was
subsequently proven to be a cytoplasmic dominant antigen
(CDA-1) present in the cytoplasm of red blood cells from
healthy individuals (Neurath et al, 1981).

The original

RIA test utilised a haemophiliac's serum as the source of
anti-HRA.
NANB

Although many haemophiliacs have experJenced

hepatitis,

they

have

also

been

chal.fenged

continuously with other human proteins, some of which if
recognised as foreign will cause them to mount an immune
response
to them. Therefore it is logical to assume that
.
haemophiliacs will have an array of antibodies against
human plasma proteins as well as infectious agents, and
therefore they are bad candidates to use as sources pf
'

"'-..

specific NANB antibodies.

Neurath' s RIA test highlighted

the danger in using sera from haemophiliacs as a reagent but
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others have also fall en into this

trap.

In 19 80

an

abstract was published of another RIA test (Arnold et al,
1980), which was found to be the test giving the best
performance withAl ter' s NIH panel.
positives,

This RIA gave no false

and was shown to be reproducible although

sensitivity was 63% {Alter et al,l982a; Alter, 1983)o
Ltio et al ( 19 83) developed a NANB RIA test for antigen again
using

haemophiliac

sera

as

both

coating

and

probe

antibodies. A1 though RF was shown to produce a large
proportion of positives with this test, it was claimed that
this

RIA was

sensitive

and

specific

for

the

short

incubation form of NANB hepatitis. Subsequent papers
(Well er et al, 1984) by this group have indicated that tests
could not be performed due t9 a lack of valuable reagents,
although in the original paper (Luo et al, 1983) the NANB
antigen was found in 3% of normal subjects (and 35% of
chronic NANB patients) and antibody was found in a similar
proportion.
Duermeyer, Hellings and stute ( 1983b) and Duermeyer et al
(1983a) developed a NANB ELISA. In this system a
haemophiliac serum was used as the source of conjugate. As
expected when haemophiliac serum is used, the test has
proven to be non-specific for NANB hepatitis as it detects
an IgM anti-:-Glm(a) rather than NANB antigen
al, 1984)..

(Helli~gs

et

Roggendorf et al ( 1985) also described an EL ISA

which detected a NANB antigen..

This antigen was shown to

be IgM anti-human IgG (RF) similar to that of Hellings et al
(1984).
'

Fiel.d et. al (1983) described an ELISA for an
.

antigen (M:iAg) and its corresponding antibodies.
"marker 2" was
· (Hopkins, 1981).

This

originally found by immunodiffusion
Pastore et al (1984) and Villarejos et al

(1984) have also claimed to have·developed specific NANB
. EL ISA tests whilst Tohmatsu et al ( 1985) have claimed to
have developed an RPHA and PHA tes-t for antigen and antibody
respectivelyo
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Both Luo's RIA and Duermeyer's ELISA were claimed to be
comparable to Arnold's RIA (Hopkins, 1983) yet the former
tests together with Hopkins' ELISA all performed poorly
when used against Alter's NIH panel (Alter et al, 1982a;
Alter, 19 83), suggesting that these tests were neither as
specific nor as sensitive as claimedo
Despite the development of several NANB RIAs and ELISAs
many of these are detecting IgM RF-like substances in
patients with NANB hepatitiso

This is not surprising as

these tests use crude preparations of human IgG as both
coating and probe antibodies.

Although there have been

many claims of specific NANB tests in the literature, none
have

lasted

the

test

of

time.

The

development

of a

sensitive specific reproducible serological test for any
NANB agent is still eagerly awaited.
Further comments on serological tests
All the above serological tests assume that NANB hepatitis
agents behave like HBV in that (a) there is an acute stage of
infection in which antigen is detectable, followed by a
convalescent phase in which antibody is detected; and (b)
that like HBV ug/ml quantities of antigen will be detected •
. With regard to (a) if NANB infection was similar to HAV, no
antigen would be detectable at the acute phase of illness
·but instead only I gM antibody would be detectable; and (b)
~,~

the

use

of

immunodiffusion

tests

infer

that fug/ml

quanti ties of antigen are circulating in patients yet when
ELISAs and RIAs,

thought

to

be

a

thousandfold more

sensitive, are used there is not a correspondingly greater
increase in .sensitivity compared to immunodiffusion.
One further avenue in the search for a NANB marker .has been
the use of non-specific markers as· indicators of NANB
infection. such non-specific markers include ALT (Aach et
al, 1981; Alter et al, 1981), anti-HBc (Holland, 1982),
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anti-HBs ( Conrad et al, 1977) and carciniembryonic antigen
·(Gitnick, Brezina and Mullen, 1978)o
have
suggested
another
possible

seto et al (1984)
marker,
reverse

transcriptase, an enzyme which allows the formation of
viral DNA from RNA.

Although this enzyme is normally found

in retroviruses, varmus (1982, 1983 and 1985} and Toh,
Hayashida and Miyata (1983) have found it in association
with HBV infections, whilst Seto and colleagues have found
it in NANB infections including proven infectious
material. Hallam
(1985)
whilst
finding
reverse
transcriptase activity associated with HTLV-III and some
acute HBV sera, failed to find any activity in 20 sera from
NANB cases.
THIS STUDY
This projec~was basically designed to search for a NANB
hepatitis serological marker. Although most workers have
used immunodiffusion, the IEOP technique was chosen. for
several reasons. Firstly the IEOP test was being used
routinely to detect high titre anti-HBs, anti-tetanus and
anti-diphtheria at BTS Law and therefore the development of
a NANB test would not incur any extra expense. Secondly,
the immunodiffusion test consumes valuable reagents very
quickly whereas the IEOP test is much more economical.
Thirdly the IEOP test can identify correctly what is
antigen or antibody whereas immunodiffusion tests can noto
Lastly the immunodiffusion test can take up to 1 week b~fore
lines develop whereas the IEOP test takes only 90 min~tes.
Within a few months of commencing this project the IEOP test
had been dev~loped and was detecting a non-specific antigen
but also an antibody which appeared to be specific. The
scr~ening antigen used in the first 18 months was a serum
donation from a patient who had suffered from NANB PTH.
Subsequently an RIA test was developed to find more .
screening antigen

to

be

used

in

the

IEOP

test.

To
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ascertain which samples could be included as "hepatitis"
SGPT tests were performed. over 10000 clinical samples
have been assayed by both the IEOP and SGPT tests and form
the basis of this thesis. In addition more than 10000
blood donors including around 5000 prisoners have been
included to act as a control population.
Several questions were raised at the start of this project.
These included:!) Are NANB hepatitis agents circulating in the Scottish
population?
2) Do they have a carrier state?
3) What tests can be used to identify carriers and diagnose
infection?
4) Does NANB PTH occur in W Scotland?
5) Are drug abusers and homosexuals affected?
6) Do sporadic cases occur?
7) What are the characteristics of the NANB agents?
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CHAPTER 3

MATERIALS AND METHODS
TESTS USED IN NANB STUDIES

In the absence of a specific sensitive reproduciJ?le.. NANB
test, the diagnosis of NANB infection remains a diagnosis
based on the exclusion of HAV, HBV, CMV and EBV infections.
The tests used in this study to exclude these viruses were:HEPATITIS A TESTS

TheHavab-Mtest (AbbottLaboratories) wasusedtodiagnose
recent HAV infection. In ,.this MACRIA test a selection of
test serum IgM was captured on a bead coated with anti-human
IgM. After washing, viral antigen (HAV) was added to the
beado Following overnight incubation, the beads were
washed to remove unbound viral antigen and radiolabelled
anti-HAV was incubated.

Generally sp~aking high counts··

were indicative of the presence of IgM anti-HAV, whilst low
counts were negative.
The Havab test (Abbott Laboratories) was used to indicate
the presence of anti-HAV indicating past HAV infection.
In. this competitive RIA, test serum competed with
radiolabelled anti-HAV for sites on a HAV-coated bead.
High counts were indicative of negative specimens, whereas
low counts were indicative of anti-HAV positiv·e specfroens.

HEPATITIS B TESTS
The . Ausria-II test
·>~

1

(Abbott Laboratories)

was used to

di~gnose HBV infection. This double antibody sandwich RIA
test used a solid phase bead coated with anti-HBs to bind

any HBsAg present in test serum.

Any HBsAg bound to the

bead was detected by the addition of radiolabelled antiHBs.

High counts were indicative of a positive result

wher~as

low counts were considered to be negative.
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~ther

HBV markers investigated in this study included anti-

Has in which the Ausab test (Abbott Laboratories) was used;
anti-HBc in which the Corab or Corzyme tests (Abbott
Labortaories) were used; HBeAg and anti-HBe in which either
the HBe test (Abbott Laboratories} or monoclonal HBe test
(Middlesex Hospital) were

used~

I gM anti-HBc was detected

using either Corab-M or Corzyme-M {Abbott Laboratories).
A limited number of HDV (Noctech Ltd) and anti-HDV {Abbott
Laboratories) tests were also performed.
CYTOMEGALOVIRUS ( CMV) TESTS

At the start of
widely accepted
CMV infectiono
insensitive for

this project complement fixation (CF) was
as the serological test for diagnosis of
Boweve/the test was conside.red to be too
the purposes required in this study.
In

addition CF requires paired sera to be confident of a
reliable" result and as most clinicians only send one sample
from

a

patient

for

hepatitis

screening

it was

felt

necessary to develop a quick sensitive test for anti-CMV.
Two RIA tests were developed within the project, an
indirect 1UA test and a competitive RIA test. Both
detected

total

anti-CMV

i.e.

anti-CMV

of

all

immunoglobulin classes. ,
Indirect anti-CMV RIA test
Principle: The indirect anti-CMV RIA test used beads coat:ed
with CMV antigen or control antigen. A test serum dilutibn
was added to the bead and in the incubation period any anti-c~

bound to the CMV antigen coated bead.

After washing

radiol(;lbelled a.,l)ti-human immunoglobulin was added and this
attached to ariy anti-CMV bound to the beads.
Procedures: The test involved three main procedures namely
(i)bead coating; {ii}preparation of.radiolabel; and (ii;i.)
performance of the RIA test.

;I

i
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Bead coating: 6 .4mm polystyrene beads were coated with CMV
(AD169) CF antigen and its respective control antigen (Flow
Laboratories} diluted 1 in 50 in O.OSM carbonatebicarbonate buffer pH9.6 for 72 hours at 4°C. The beads
were then washed twice with phosphate buffered saline ( PBS)
containing 0.5% Tween 20, and air dried on paper towels.
Beads were then stor~-~ ~o.r_ ~maximum of 3 weeks at 4°C prior
to use in the assay.
Radiolabel:

125-I

labelled

sheep

anti-human

immuno-

globulin F(ab' ) (Amersham) was diluted in PBS containing
2
33% normal rabbit serum (NRS) (SAPO) to give 30000cpm per
test ( 0. 2ml) • Originally 125-I labelled rabbit antihuman IgG was used in the test system. However a F(ab')
2
preparation would not bind Rheumatoid Factor, therefore
when such a commercial product which could also detect
other classes of immunoglobulin ( IgM, IgG and IgA)···c,became
available, this superceded the rabbit anti-human IgG which
had been prepared as and when required.
<"

Tes·t procedure: lOul of each serum under test was dispensed
into reaction trays (Abbott Laboratories or Northumbria
Biologicais). Thre~ negative controls and two positive
controls wen~ also set up with each run. 200ul of PBS
containing 10% NRS was added to each well and a CMV antigen
coated bead or its corresponding control antigen . bead
was
t,
dispensed. The trays were then sealed and incubat~d at
0
.
45 C for 1 hour. The beads were then washed 5 times with
·distilled water and 200ul of radiolabel was added, the
trays resealed with a fresh sealer and incubated for a
further 30 l!ll!lutes at 45°C.. Following another 5 washes
with distilled water, the beads were transferred to
counting tubes and counted "in a gamma counter.
Positive results were indicated by a test count per minute
{cpm) of greater than 1.5 times the mean of 3 negative
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controls.

All positive results were compared with their

corresponding control antigen bead result and only those
with CMV antigen bead:control antigen bead ratios greater
than 1-5 were considered true positives, others were
designated non-specific positives.
Competitive anti-CMV RIA test
This competitive test was developed within the project to
help ascertain the CMV status of the non-specific positives
obtained with the other anti-CMV RIA test. The test
utilised the same CMV antigen coated beads as the indirect
anti-CMV RIA test but radiolabelled anti-CMV was used in a
competitive test.
Principle: The competitive test was based on the principle
exploited by Abbott Laboratories in their Havab and Corab
tests. In this system radiolabelled anti-CMV was allowed
to compete with test serum for sites on a CMV antigen coated
bead.
Preparation of radiolabel: Two different preparations were
radiolabelled, a human preparation and a commercial goat
preparation.
The human preparat,ion was made by pooling sera from 18
donors found to be strongly anti-CMV positive by the
indirect a·nti-CMV RIA test.

A 40%

ammonium sulphate
'>.

precipitation was carried out by adding 8ml ~f 4M satu"Pated
ammonium sulphate to 12ml of pooled human serum. The
mixture was left at 4°C for 30min and then spun at 3000rpm
for 20min in a bench centrifuge. The supernatant was
discarded and.the precipitate was redissolved in PBS pH7 .2.
The redissolved material was dialysed overnight against
PBS and then against 0 .02M phosphate buffer for a further 18
hours.
The crude

immunoglobulin preparation was

then

passed
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through a DEAE sephadex column (equilibrated with 0. 0,2M
phosphate buffer) and the 2ml fractions assayed for anti-.
CMV activity. Anti-CMV positive fractions (3-10) were
pooled and concentrated by negative pressure dialysis (in
visking tubing) to approximately 3ml.

The material was

then passed through a ~illipore filter (0.22um) and further
concentrated to 25ul with lyphogel(0.6g).
Radiolabelling was performed by the same method as used .
previously for tetanus toxoid (Dow et al, 1983b), anti":"HBs,
anti-NANB, anti-human IgG and donkey anti-rabbit
method was as follows:-

IgG~

The

Clean gl~ss test tube
Add Sul 0.5M phosphate buffer
Add 2ul Human IgG containing anti~CMV
( or 25ul Goat anti-CMV obtained from Northeast Biomedical·
laboratories Ltd)
-,
125
Add 5ul Na
r (approximately 600uCi)
Add lOul Chloramine T (4g/L)

...
·

';::.;. · .. ·
·.

Incubate for 1 minute at RT
Stop reaction by the addition of
lOul Sodium metabisulphite (16g/L)
and lOOul Potassium iodide (lOg/L)

.

. ··• .. ··

Load mixture onto Sephadex G2 5 column previo:usly : .
equilibrated with PBS and l.Sml bovine serum albumin. (]3SA·)
and washed through with PBS containing ·l%BSA. Coliebt : .
fractions (lml) and assay for radioactivity using an ~~bott':
Logic gamma counter. Figure 3 .. 1 shows the separalibl-.' of.
bound from free radioactivity. The fractions ·.conta~:riing .
the. -first peak. of radioactivity were pool~d and ~:ta.b'{j}iiJ:d:'
. by:· ctd.dltlcin_.of 1ml NRS (SAPU)..
.
..
. · ;: ··,::·.::':.>:...\./'::::!<;'·<:,.

.: ·

Pr.iot. to us.e.i.rt the RIA test the radiolabei was·:::dii'tit:~a.{#:::; .·•.
_PBS ·cont,ainipg 33%NRS to produce coun_ts of apprbX{~at.~l,y
400; 000/0.·lml . (approximately 4 times that. of' ~~sir&2r'r-

'.., .

. radiolabel).

• ., •• ~. ••••• -r"

. · , ..
..

:

••

-~-··.
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Figure 3.1 Separation of bound and free
I radiolabel·by
passing through Sephadex G25.
Fractions marked * were pooled for use in competitive anti-CMV
RIA tests.
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Competitive RIA test procedure: O.lml of sera under test
was dispensed into wells of a reaction tray and O.lml of
anti-CMV radiolabel was added,- followed by a CMV antigen
coated bead. The tray was left at room temperature
overnight. After incubation the beads were washed 4 times
with Sml distilled water, transferred to clean counting
tubes (Sterilin RT30) and counted for radioactivity in a
gamma counter.
cut-off level for the test was obtained by taking the mean
of 3 negatives and 3 positives. Any specimen with a count
above the mean was considered negative whilst any specimen
with a count below the mean was conside~.: t:d positive. The
cut-~ff point in practice was a bit more fluid with a grey
;:, ~one for any specimen producing a count within 10% of the
cut-off point.
A

Use of the radiolabel in an antibody capture system to
detect IgM anti-CMV was attempted but no apparent
cor relation was obtained with either immunofluorescence or
protein-A anti-CMV RIA tests.
Commercial anti-CMV ELISA tests
Two commercial enzyme linked immunosorbent assay (ELISA)
tests were also used within the study. The Litton ELISA
system was an indirect ELISA utilising magnetic beads as
the solid phase. The Abbott ELISA was also an indirect
ELISA but used the polystyrene bead as the solid phase.
Protein-A anti-CMV RIA test
This test was basically the indirect anti-CMV RIA test (See
above) performed on samples pretreated with protein-A.
This procedure was used to give an indication of which
specimens were likely to have detectable IgM anti-CMV as
most IgG anti-CMV would be bound to the protein-A and would
therefore not be available to react in the test system.
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Procedure: Protein-A treatment of sera· (See below).
test procedure

The

was similar to the indirect anti-CMV RIA

test above except for the following.

After Protein-A

treatment O.lml of 1:10 test dilution was added to each
reaction well. 0 .lml of PBS containing 20% NRS was added
to each well prior to the addition of b~_ads.
Positive results were indicated by counts in the CMV
antigen coated beads over 1.5 times the mean of 3 negative
controls and over 1.5 times the control antigen coated
bead. To confirm these results IgM anti-CMV tests were
performed.
;, ,IgM anti-CMV tests
Two immunofluorescence tests for I gM anti-CMV were
performed. The Atlas Bioscan test was used by the RVL,
whilst several tests were performed by Dr B Cuthbertson
(PFC, Edinburgh} by in-house tests for IgM and IgA antiCMV.
In 1985 a MACELISA test became commercially availabie
(Northumbria Biologicals}o This MACELISA test was based
on the same principle as MACRIA except that an enzyme label
was used in place of a radiolabel.

EPSTEIN-BARR VIRUS TESTS
At the start of this project no EBV test was available at the
RVL as specimens were sent to the RVL in Edinburgh for
testing. As EBV is known to be a common cause of jaundice
or hepatitis a test was required. The monospot test chosen
was relatively cheap and .gave a good indication of
specimens containing IgM anti-EBV. Any positive results
were sent for confirmation to RVL in Edinburgh until the I gM
anti-EBV test was introduced at the HRL.

;

~I

j
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Monospot test
Principle: The !CL monospot test utilised aldehyde treated
horse red cells in a macroagglutination test for
heterophile antibodies produced in infectious mononucleosis.

These heterophile antibodies appear in most

EBV infections shortly after the appearance of !gM anti-EBV
but can sometimes last much. longer than IgM anti-EBV.
Procedure:

The test was carried out according to the

manufacturer's instructions:
1} Add SOul of test serum to well of white slide
Spread serum over
t:ip
2)

3)

80%

of the well using a clean pipette

A~d

one drop (50ul) of sensitised cells
,4) Mix for 1 minute by gently rocking slide and leave for 1
minute

5) Read test result by examining for evidence of
macroscopic agglutination. The results were scored from
negative to +++where +=positive control.
6) Any screen test positive was tested for IgM anti-EBV by
immunofluorescence.
IgM anti-EBV test

The test performed at the HRL in the past 3 years has been
the commercial (Gull) test for !gM anti-EBV.

IgG anti-EBV

was also detected using the Gull slides with an anti-human
IgG conjugate.

IMMUNOELECTROOSMOPHORESIS ( IEOP) TEST

Principle: At a pH of 8.2 most human plasma proteins have a
net negative charge and therefore on electrophoresis in
agarose will move towards the anode. Antibodies tend to
move towards the cathode due to electroendosrnotic flow.
Where antigen and its cor responding anti body meet in
optimal proportions a precipitate develops which can be
readily seen by the naked eye.

:i
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Materials
Buffer solution: Michaelis Buffer pH 8.2
Solution A 0 .OSM sodium barbitone (10 .3lg/L) in distilled
water
Solution B O.OSN HCl
23lml of solution.B were added to 769ml of solution A,
mixed, allowed to .equilibrate, adjusted to give a final pH
of 8.2 and checked by pH meter.
Agarose: Miles (95200-2)
Plates:

Sterilin

disposable

square

petri

dishes

(100xl00xl8rnm) with lid as supplied by Sterilin Ltd.
Capillary pipettes: Disposable haematocrit tubes (BRIS
plain) obtained from camlab, Cambridge
Wick~: Chromatography paper - Whatman No3 in two sizes:
~ .1) lbOxl5mrn for insertion in agarose plates
2) 90xl50mm for electrophoresis tank wicks
Template:
Prepared from transparent perspex sheet
l25xl25xl3mm with 3mm diameter holes drilled 7mm apart
(centre to centre). The template allowed for 22 tests
including

controls.

A 125mm

rim was

cut

around

the

lOOxlOOmm area to allow the template to sit firmly into the
petr i dish and to bring the surface as near as possible to
the agarose gel.
Cutting needle: A needle (3mrn diameter) cut to 60mm length
and the cutting edge sharpened.
Electrophoresis apparatus: Shandon Vokam power packs and
model U77 electrophoresis tanks with polarity switch were
used.
Viewing lamp: Immuno dark background reader.
Plate preparation: Miles agarose (lOg/L) was dissolved in
buffer by either steaming in an autoclave or by boiling in a
beaker of water. After mixing well, 15ml.(minimum). of the
hot agarose was dispensed into a 9:JUare_petri dish which was
supported on a levelling table (or level bench), to give a
depth

of

approximately

l.Smrn

of

gel.

Before

solidification of the gel two lOOxlSmm filter paper wicks
were inserted lengthwise into the gel and against opposite
walls of the petri dish.

After solidification the plates
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were covered and stored inverted at

4°C

until required.

Storage never exceeded 10 days. Prior to use the pattern
of wells was cut using the template and needle attached to a
water vacuum pump to remove the gel.
Test Procedure:
The IEOP plate was labelled on the anodic side to identify
it from others.

Test sera (approximately 7ul) were set up

against the current IEOP antigen preparation. Sera were
added using a micro-haematocrit capillary tube (one
capillary tube per specimen).
The el.ectrophoresis tank was filled with buffer ( 7 SOml) in
o/hich ·~oxl50mm paper wicks were soaked. The plates were
tlien piaced in the tank so that the tests were on the anodic
side of the tank (Antigen to the cathodic side - negative
side). The wicks in the tank were applied to those on the
walls of the plate to complete the circuit.

The lid was

then placed on the tank, ensuring that the wicks remained in
position. Constant current was applied at 40mA per tank
(two plates) for 90 minutes. Tank buffer was renewed
weekly and polarity reversed daily. Prior to renewing
buffer tanks were soaked overnight in 2% glutaraldehyde
( Cidex) and washed with distilled water.

The work was

carried out in the Hepatitis laboratory and rules and
guide-lines were adhered too
Test interpretation: After 90 minutes electrophoresis, the
power pack was switched off and plates removed. Evidence
of strong precipitation close to the test well was examined
for by placing the plate above the illuminated viewer.
Results were scored as negative, ( +), +, ++, +++, or ++++.
All results of ++or greater were considered positive and
were examined for the following markers HBsAg, IgM antiHAV, RF, Monotest, and anti-CMV.
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Preparation of IEOP antigen: Blood donor ACD plasma samples
were

stored for

days at

10

4

°C

and then tested for

antigenic activity against a known !gM anti-HAV positive
IEOP positive serum.

All plasma samples with acceptable

activity (i.e. producing at least++ precipitation) were
pooled and labelled with the date of pooling.

Before

routine use the pool was run in parallel with the previous
pool.
PUTATIVE NANB ANTIGEN RIA TEST

This

test was d.escribed in

Dow,

Follet t

and Mi tchell

(1983a). Briefly co.:walescent sera from 3 apparent NANB
c_ases, pnd a donor known to react as antibody against the FR

ahtige~ (X3/80 Chapter 5), were precipitated with 40%
rl ;

ammonium

sulphate.

dialysed

and

The

used

redissolved

as

coating

precipitates were

antibodies

on

6.4mm

polystyrene beads (coating method as in "Indirect anti-CMV
RIA").

Purer IgG preparations were produced by passing

through DEAE Sephadex

(Ph a rmacia) •

The DEAE Sephadex

binds albumin and other human plasma proteins but allows
IgG

to

pass

through.

concentrated

by

The

negative

IgG

preparations

pressure

dialysis

were
and

radiolabelled in a similar way to anti-CMV preparations
(See above).

The radiolabelled material was adjusted to

approximately SOOOOcpm per test sample by dilution in
PBSpH7.2 containing 33% normal rabbit serum (SAPU).
Test

principle:

The

double

antibody

sandwich

RIA

principle was used.
Test procedure:

This was identical to HBsAg testing by

Ausria-II involving two incubation periods of 2 hours and 1
hour at 45°C.

The main differences to Ausria-II were that

anti-NANB beads were used in place of anti-HBs beads and
anti-NANB
radiolabel.

radiolabel

was

used

instead

of

anti-HBs

Specimens producing ratios greater than 1.5

times the negative control were considered positive.

The
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positive control used was serum from the NANB PTH case (FR
or X3/80). The best ratio obtained was 8.5 with this
positive control treated with ammonium sulphate and pepsin
digestion.

ELECTRON MICROSCOPY
Prior to any electron microscopy plasma or serum specimens
were ultracentrifuged usually for 10 minutes at 5000rpm
(supernatant kept and precipitate discarded) followed by 1
hour at 35000rpm. The supernatant was discarded and
precipitate resuspended with 1 drop of 0.1% bacitracin (in
distilled water).
One drop of the negative stain, 3% phosphotungstic acid
'
~ (PTA)iwas added to the suspension and the mixture is applied
to a carbon-stabilised formvar-coated copper grid (400
mesh, 3 .OSrnm diameter) and blot dried. The copper grid was
then examined for virus or virus-like particles in a
Philips 301S electron microscope at a magnification of

·,

tl

1

.

57, 0 00.

Any photographs taken were developed to give

around 200,000 to 250,000 magnification.

LIVER FUNCTION TESTS
SERUM GLUTAMIC PYRUVATE TRANSAMINASE (SGPT)
The process of transamination is important in the transfer
of
energy across
the membranes of mitochondria.
Transamination involves the reaction of an amino acid with
a 2-keto acid converting the 2-keto acid to an amino acid
with the same carbon skeleton, whilst the original amino
acid is deaminated with the production of a corresponding
oxo-acid. The process is catalysed by a series of enzymes
called arninotranferases. Two such aminotransferases are
alanine aminotransferase (ALT) and aspartate aminotransferase

(AST),

commonly

called

glutamic

pyruvate

transaminase (GPT) and glutamic oxaloacetic transaminase
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(GOT) respectively.

Both transaminases are of special

interest as they are released into the plasma (being
measured as SGPT and SGOT) when there is damage to various
tissues, notably the liver and myocardium. As AST/SGOT
occurs in most· tissues its release into the circulation
does not necessarily signify hepatitis. Therefore this
study utilised ALT/SGPT as a non-specific marker of
hepatitis.
Several commercial SGPT/ALT tests were available but the
Sigma SGPT-505 test was chosen as it could most easily be
introduced, did not require expensive equipment and could
be downscaled to ease testing costs; fourfold for testing
~RL sera and fivefold for testing blood donor sera.
,,
{'I

I

Test principle: The biochemical reaction measured is
Alanine + alphaKetoglutaric acid
under the influence of GPT transforms to
Pyruvic acid + Glutamic acid.
2,4The
pyruvic
acid
formed
is
reacted with
dinitrophenylhydrazine. The colour intensity of the
the
resulting phenylhydrazone
is proportional
to
transaminase activity (Reitrnan and Frankel, 1957).
Test procedure: The test procedure was as follows {figures
in prackets are those used for testing blood donors):
Add 50ul(40ul) test serum to sterilin RT30 tube
Add 250ul(200ul) Alanine-alpha-ketoglutaric acid
substrate
Incubate in a water bath at 37°C for 30 minutes
Add 250ul{200ul) of Sigma colour reagent
Leave at room temperature for 20 minutes
Stop reaction by addition of 2.5rnl(2ml) 0.4N NaOH
Read OD505 in Quantum spectrophotometer (Mode 6)
OD492)
(Actually read at
Results were expressed in Sigma-Frankel Units per rnl (SF
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U/ml) where according to Sigma 1 SF U/ml corresponds to
0 .48iu/L.

In this study a level of 92 SF U/ml was used as

the cut-off point above which a patient was deemed to have
"hepatitis".

In

a

comparison

with

two

biochemistry

laboratories (GRI and Law) ALT values, 92 SF U/ml actually
corresponded to 200 iu/L (i.e. about 4 times their upper
limit of normal).
A set of standards was run with each batch of tests and
quality control standards were included when available.
A maximum of 100 tests were performed at a time.. Donor sera
were tested on the normal working day after collection.
1"1
J?TH-irnpl icated donor plasma had been stored at -30VC for
period~ up to 9 months. HRL sera were tested within 1 to 7
days of receipt.
,"1..

\

RHEUMATOID FACTOR (RF) LATEX TEST

Many test systems are known to be subject to false positives
due to rheumatoid factor (RF}. RF is an autoantibody
produced against altered or bound IgG. Although RF is
often found in individuals suffering from rheumatoid
arthritis it is also found transiently in many individuals
with viral infections. As RF is normally of IgM class it
can interfere with many specific viral IgM tests.
Principle: Latex beads coated with IgG can be clumped or
agglutinated by RF.
Procedure: The Wellcome Reagents test was downscaled
tenfold for the dilution procedure to conserve sera,
otherwise the test was carried out according to the
manufacturer's protocol:
1) Add lOul test serum to Sterilin RT30 tube
2) Add 200u1 specimen diluent
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3) Transfer SOul of the 1 in 21 dilution to well of black
slide
4) Add one drop( SOul) of RF Latex reagent onto each well on

slide

5) Mix with clean pipette tip
6) Rotate slide and leave for 2 minutes
7) Read test result comparing it with the positive control
scoring the result from negative to++++ where +=positive
control

REMOVAL OF RF ACTIVITY FROM SERA
Preparation of polymerised IgG: 0.3rnl glutaraldehyde (25%)
was . added slowly to 20ml pooled human immunoglobulin
( S NJ?TS) •
The preparation was then mixed and allowed to
> , starld at room temperature for .at least 1 hour. After this
period a gel was formed and this was first macerated with a
clean spatula, lOml of PBSpH7.2 added, homogenized for 30
seconds, and twice washed with 1 litre of normal saline.
The final preparation was suspended in PBSpH7 .2 containing
0.1% sodium azide.

RP removal procedure:
1)

Take

lml

poiymerised

pipette
IgG

tip,

solution.

transfer into glass tube.

invert
Take

it and
out

plunge into

immediately

and

Tap tube until pipette tip

contents are expelled.
2) Drain off excess fluid ( PBS) and using 200ul pipette take
off any further PBS
3) Add 250ul of RF positive serum. Stopper tube, mix and
leave overnight at

4°c.

4) Retest for RF activity to ensure absorption complete (If
not, reabsorb with fresh polymerised IgG).
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PROTEIN-A TREATMEN'l' OP SERA

staphylococcal protein-A was used in the project to absorb
IgG from test sera thus leaving test serum containing IgM.
lg staphylococcus aureus dried cells (Sigma 0504) was
resusp~nded with lOml PBSpH 7.2.

0. 5ml al iquots of this

suspension were spun at 3000rpm for 5 minutes and ...
supernatant discarded by blotting. 0 .Sml of 1:10 dilution
of test sera were added, the tube mixed and left at room
temperature for 30 minutes. The cells were then spun at
3000rpm for 5 minutes and supernatant used as treated
sample.
DITHIOT!!RE!TOL TRE..l!..TMENT OF SEP.l't

!'I;

Dithiothreitol (DTT) was used to destroy !gM molecules in
se~a leaving IgG intact (Pirofsky and Rosnor, 1974; Olson
et al, 1976).
0 .Sml serum was added to an equal volume of 0 .. OlM
di thiothrei tol ( DTT) (made up in PBSpH7. 2) and incubated at
37°C for 30 minutes. A PBSpH7 .2 control was also set up as
an untreated control.
MONOCLONAL C3 ANTIBODIES
The Scottish Antibody Production Unit (SAPU) provided a
small sample of BRIC-8, a mono clonal ·antibody to C3d,
produced by the SW Regional Transfusion Centre. Two SAPOproduced monoclon·al antibodies were also obtained. These
were MSA 06H 1.2A which was directed against C3d and MSA 07J
1.6F which was directed against C3b.
CYANOGEN BROMIDE ACTIVATED SEPHAROSE

Cyanogen bromide activated sepharose was obtained from
Pharmacia and was used to link anti-human C3 (SAPU).
technique used for

coupling was as described in the

Pharmacia booklet wAffinity chromatography".
~::.

The
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C3 AND C4 COATED RED CELLS
C3 and C4 .coated red cells were prepared by SAPO and used on
occassions to identify sera with apparent auto antiComplement.
OTHER SEROLOGICAL TESTS

Other tests performed within the project included tests for
IgM anti-rubella, AFP tests (Abbott Laboratories), Creactive
protein
(Mercia-Brocades
Ltd),
radial
immunodiffusion tests for IgM, IgG, IgA, C3 and C4 (BCL and
Immuno) and C3 haemolysis test (Cordis Laboratories).

RESULTS

HAV
The Abbott test for the detection of IgM anti-HAV to
indicate current or recent HAV infection was extremely
specific giving clear positive and negative results. The
anti-HAV test was also satisfactory for determining past
HAV infection.
BBV

The Abbott test for HBsAg (Ausria-II) has proven to be
extremely sensitive and specific for the detection of HBsAg
in HBV infection. However it is not infallible • In this
study {Chapter 6), several cases of jaundice have occurred
where clinicians have thought HBV to be responsible yet
where sera from these patients were shown to be HBsAg
negative. Anti-HBc and IgM anti-HBc tests have proven
several of these cases to be due to HBV and not NANB.
CMV

As complement fixation ( CF) tests were known to be somewhat
insensitive for anti-CMV, the indirect anti-CMV RIA test
was devised early in the project.

Only in the past 2 years
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have

anti-CMV

tests

of

similar

sensitivity

become

available. The RIA test was shown to correlate well with
both "in-house" and commercial ELISA systems (Table 3 .1).
Ignoring the RIA non-specific positive results there were
only 1. 7% discordant results with the current Law EL ISA
system using Hoechst CMV antigen, 5.8% with the obsolete
Law ELISA system (using Flow CMV antigen), 0.5% with the
Abbott ELISA system and 18% discordant results with CF.
The vast majority of discordant results between CF and RIA
were missed by CF.
!gM anti-CMV testing to indicate current or recent CMV
infection was performed by immunofluorescence: (IF) and
als~

by a new commercial ELISA system. Unfortunately,
;~, , conf~idence in the I gM results was not as high as with HAV and
HBV test systems. Protein-A treated samples which
remained anti-CMV positive in the indirect RIA test with a
ratio greater than 2.5 were generally confirmed to have IgM
anti-CMV by IF. Some of the other protein-A positive
samples which were shown to be IF negative have since been
shown to be positive by ELISA, suggesting that the ELISA
test was more sensitive than IF.
EBV

As with CMV, confidence in the EBV test systems was not as
high as with HAV and HBV tests, probably as the results were
read subjectively. Although over 90% of IgM anti-EBV
positives were detectable by the monotest system, there
were some patients with mononucleosis who were monotest
negative. Usually those who were missed were either very
young or very old. Ideally all specimens from individuals
with unexplained jaundice episodes should have been tested
for IgM anti-EBV. Unfortunately IgM anti-EBV tests are
considerably expensive and the cheap monotest screen was
shown to be quite efficient in selecting specimens 1 ikely
to be IgM anti-EBV positive.

.....
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Table 3.l·comparison of indirect anti-CMV RIA test with other
tests
Test System

Indirect Anti-CMV RIA Test Results
Positive
NSP
Negative

Law ELISA
(Hoechst)

Positive
Negative

131
1

Law ELISA
(Flow)

Positive
Negative

157

Abbott
·,ELISA ·.

6

4

10

158

5

12
24

15
168

Positive
Negative

85

1

0

1

10

103

Positive
Negative

23

·o

1

8

0

18

'

rt:

CF

NSP=Non-specific positive

LIT.001.3371

64

IEOPTEST
History.

Various claims of specific NANB tests have been reported in
the literature since the report of Shirachi et al ( 197 8).
Preliminary experience with an immunodiffusion (ID) system
developed by Hopkins

( 19 81)

showed this system to be

extremely tedious and wasteful of reagents. Therefore as
several years expertise had been gained with IEOP in mass
screening blood donations for HBsAg, anti-HBs, antitetanus and anti-diphtheria, it was thought wise to develop
this test for NANB.
Using

3

sera from haemophiliacs who had suffered
unex~lained jaundice episodes,
as sources of presumed
'' '"anti-NANB ", screening was performed on sera from
jaundiced individuals.

Serum from one haemophiliac (JM)

used as antibody produced precipitin 1 ines against 3 out of
11 NANB sera- 2 NANB PTH cases (X3/ 80 and X3/77) and a fatal
NANB case. A generous serum donation was then obtained
from the recipient (FR) of the NANB PTH case (X3/80) 7
months after his jaundice episode. This donation was
shown to still react as antigen although SGPT levels had
returned to normal. The finding of Tabor, Seeff andGerety
(1980b) that an individual had remained infectious for NANB
over a period of 6 years led to the belief that this donation
was from an individual (FR) who had now become an apparently
heal thy NANB carr.ier. Furthermore the FR antigen was also
found to have both Ml and M2 antigens by Dr Hopkins
( Hopkins, 1981), whose system had been shown to be the same
as Shirachi's and other workers (Hopkins et al, 198la).
A panel of 22 sera from jaundiced patients who had been
shown to be HBsAg and IgM anti-HAV negative was tested in
the IEOP system. Ten sera reacted as antibodies, 6 as
antigens and the remaining 6 failed to react. These
results were encouraging as it appeared the IEOP system was
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identifying a high proportion of NANB hepatitis as either
antigen or antibody.

Disappointingly, testing of donor

sera showed that the IEOP antigen was detected in a high
proportion

of

healthy

individuals

showing

that

this

antigen could not be considered to be disease-related but
most probably was related to the level of complement C3
breakdown

products

(See

Later)

(Dow

et

al,

1983a).

However surprisingly only 1 of 1653 donors reacted as
antibody by the IEOP system showing that antibody activity
was apparently rare in heal thy individuals but relatively
common in jaundiced individuals.
Towa;ds the end of 1981 little serum was left from the
original FR donation.

This impending loss of the standard

;:, ~antigen (FR) together with the IEOP disadvantage of
subjective reading, made the development of an RIA test
seem advantageous. A double antibody sandwich RIA test
was developed using different IEOP antibodies to identify a
,; specific NANB antigen".
encouraging,

Although the results appeared

no strong positives were obtained -

highest ratio being around 8.5.

the

It was obvious that the

RIA test was not much more sensitive than IEOP (Table 3. 2) •
Also as IEOPwas cheaper, easier andquicker to perform the
RIA test was abandoned.

Using the new IEOP antigens to

screen patients sera, it was soon found that IgM anti-HAV
positive sera were producing precipitin 1 ines against the
new antigens (Figure 3.2).
At first it was thought that the IEOP antigens were disease
related.

This became unlikely when it was shown that a

serum donation from a prison donor (DS) implicated in a case
of NANB PTH was a good IEOP screening antigen but another
sample from exactly the same donation was IEOP negative.
0

The former sample had been stored at 4 c for several weeks
whereas the latter sample had only been stored at

-20°c.

Panels of donor sera and plasma collected in acid citrate

LIT.001.3373

Table 3.2 Results of putative NANB Antigen RIA test
Samples
Jaundiced patients
Blood donors

rl

,•

Number
Tested
.. 325
655

Number RIA
Positive

Number IEOP
Positive

46 (14.2%)

33 (10.2%)

2

(0.3%)

1

( 0 .15%)

-:::.

Figure 3.2

IEOP test:

,... __ ,

precipitin lines found with IgM anti-HAV positive sera.

Antigen preparation,(AG) was used to screen sera (numbered 1 to 10).

Strong precipitin lines

were found with sera 1 (an IgM anti-EBV positive serum), 5 and 7 (IgM anti-HAV positive).

r

~

0

0
......
(...)
(...)

-..J
~
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dextrose (ACD) anticoagulant were stored at 4°C and tested
at various time intervals. Generally IEOP antigen
activity (on testing against IgM anti-HAV positive sera)
developed in around 20% of ACD plasma specimens which had
been stored for at least 10 days at 4°C.

some of the

cor responding sera were also reactive but others were not.
The IEOP antigen is therefore a breakdown product of a
plasma component.
In
{EDTA)
1984
Ethylenediaminetetra-acetic
acid
anticoagulant replaced ACD as the anticoagulant for donor
laboratory

samples and problems soon arose in the
~reparation of IEOP antigen~
EDTA chelates calcium ions
v}hich are essential for the binding of the first component
of complement Cl. To prepare IEOP antigen from EDTA
plasma, rather than 10 days storage, around 3 weeks to over
a month was required and furthermore fewer samples were
found to be suitable for use as screening reagents.

IEOP ANTIGEN - CHARACTERISTICS
Non-particulate
Ultracentrifugation at 35000rpm for 1 hour showed that the
IEOP antigen was not pelleted as reactivity remained in the
supernatant.
As the IEOP test was detecting I gM anti-HAV positive sera as
antibodies, it was logical to assume that the IEOP antigen
could be HAV. To test this hypothesis Havab-M tests for
!gM anti-HAV were set up using a known acute hepatitis A
serum.

After the first wash different IEOP antigens were

added instead of the HAV antigen preparation. This was
performed on 20 different IEOP antigen preparations which
all produced counts of 249 to 447 compared to 11383 for the
HAV antigen control.

This showed conclusively that the

IEOP reactivity was not HAV/anti-HAV and therefore that the
antigen was not HAV or free viral antigen.

LIT.001.3376
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Electron microscopy of IEOP antigen preparations failed to
reveal any virus or virus-like particles.
Beta-globulin
When human serum is subjected to electrophoresis,

the

plasma protein components can be, separated according to
size: alpha globulins (such as bilirubin or albumin) move
rapidly to the·anode; beta globulins (such as complement)
move slowly towards the anode; whilst gamma globulin (i.e~
immunoglobulins) tend to stay around the point of
application
or
move
towards
the
cathode. Thus
electrophoresis can efficiently separate human plasma
proteins into several discrete regions according to their
net charge, size and shape. Thus varying the distance
betw.een antigen and antibody wells showed that the IEOP
~~ 1 anti~en was associated with beta globulin rather than alpha
globulin (Figure 3.3).
Performing double IEOP (electrophoresis of IEOP antigen in
one dimension followed by electrophoresis at right angles
towards a trough of antibody) also showed that the antigen
preparation was a beta-globulin (Figure 3.4).
Non-identity with C-Reactive Protein, Alpha Fetoprotein
and Low Density Lipoproteins
C-reactive protein (CRP) is known to be an acute phase·
reactant which appears in many acute infectious diseases as
well as in rheumatoid arthritis. It was therefore
important to see if the IEOP system had any relationship
with this protein. CRP was obtained from Sigma Chemicals
and used as either "antigen" or "antibody" in the IEOP test
system with negative results. The results of testing a
panel of sera with a CRP latex kit is shown in Table 3 .3. No
correlation was found between IEOP reactivity and CRP.
Alphafetoprotein (AFP) is a fetal antigen which isproduced

LIT.001.3377
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Figure 3.3

IEOP tests: effect of varying the distance between

antigen and antibody

wells.

An IEOP antigen (AG) was electrophoresed towards TF (H3999-85) an

IgM anti-HAV positive serum.

The distance between wells varied to

show the distance (n) required for the IEOP antigen to travel to form
a precipitin line, compared to the distance (m) travelled by albumin.
Due to the shorter migration of the antigen (n) compared to albumin
(m), it is likely that the IEOP antigen is a beta-globulin.

LIT.001.3378

Figure 3.4

Double IEOP performed on an IEOP antigen.

A donor EOTA plasma specimen (AG) stored at 4°C for 3 weeks and
known to react as an IEOP antigen was electrophoresed in the
direction parallel to the trough for 90 minutes. The trough was
then cut out and filled with an IEOP reactive antibody (IK)
(H10365-84).

Further electrophoresis was carried out in a

tangential direction to the first.

The precipitin line which

developed would suggest that the antigenic component was a betaglobulin rather than an alpha-globulin.

LIT.001.3379
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Table 3.3 Results of CRP Latex test performed
on various samples
Specimen
Tested

Number

CRP
Positive

IEOP Pos Hep A
IEOP Pos Hep B
IEOP Pos Other

4

2

1

0

8

4

1

1

1

0

1

0

IEOP N.eg ,Hep A
IEOP Neg Hep B
Other specimen
r..'

;
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in the liver by the fetus or later in life associated with
liver cancer.

AFP was detected in 6 of 10 IEOP antigen

preparations at varying strengths (9ng/ml to 200ng/ml).
Testing IEOP antigens against sheep anti-AFP (SAPU) also
produced some precipitin lines but the.se precipitin bands
(when double IEOP tests were performed) were in the alpha
region whereas the precipitin bands associated with the
antibodies detected in patients sera detected an antigen in
the beta region (Figure 3.3 and 3.4).
Low Density Lipoproteins ( LDL) are beta globulins to which
animals often make antibodies. It was unknown whether the
IEOP system was detecting 1 ipoproteins. A panel of
·:antige:ns was tested against anti-LDL by IEOP. All were
'
I
Teacti~e as were other sera found to be IEOP negative.
Human complement (C3) breakdown product
It has been shown that many human plasma proteins are
extremely labile.
rapidly

lose

For instance many coagulation factors

their

biological

activity

in

vitro.

Similarly human complement is another labile plasma
protein which degrades to smaller components. In the case
of C3, C3a and C3b are the first degradation products,
whilst C3b can be further degraded into C3c and C3d.
An IEOP antigen preparation was passed through an antihuman C3 affinity column and was successfully eluted using
3.5M KSCn.

The eluted material after pooling, dialysis

and concentration was found to be still reactive in IEOP
against IgM anti-HAV positive IEOP antibodies and also
anti-human C3 (SAPU) but not reactive against anti-AFP.
Further proof that the IEOP antigen was a

complement·

breakdown product came when a monoclonal antibody, BRIC-8,
directed against C3d was tested in parallel with a strong
IgM anti-HAV positive IEOP antibody.

Both antibodies were
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reactive against the same

sera,

indicating that the

antibodies were detecting similar or identical antigens.
A further monoclonal antibody
produced

similar

antibody

was

results

also

(MSA 06H 1.2A SAPU) also

to BRIC-8.

directed

This mono clonal

against

C3d.

Another

monoclonal antibody
(MSA 07J 1.6A SAPU) directed against
l
C3b failed to produce any lines by IEOP (Fig 3.5).
The most likely explanation of these findings is that the
antigen detected by the IEOP system in stored donor plasma
and patients sera is a complement breakdown product, C3d.

''

1

IEOP ANTIBODY CHARACTERISTICS
Immunoglobulin class
·'
Dithiothrei
tol (DTT} treatment destroyed the antibody
activity whereas protein-A treatment had no effect., This
proves that the antibody activity was associated with IgM
rather than IgG.
Passing an IEOP antibody rea~tive sample through _seph.a,rose
4B (Figure 3. 6) showed antibody activity only at the first
rise of protein (I gM rich fraction) and not in later samples
which were rich in IgG and albumin.
sucrose density gradient. ul tracentr ifuga tion of 5 IEOP
antibody positives showed antibody activity only with the
first protein peaks and not with later fractions, proving
that the IEOP antibody act.ivi ty is associated with 19SigM
and not 7SigM (Figure 3.7).
As the IEOP antibodies have been shown to react against a
panel of antigens with the same reactivity as the
monoclonal antibodies, BRIC-8 and MSA 06B"l.2A (directed
against C3d), it would appear that the IEOP antibodies are
"immunoconglutinins" which are IgM antibodi_es produced in
high

concentrations

as

a

non-specific

response

in
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Figure 3.5

Comparison of :nonoclonal antibodies with an IgM

anti-HAV positive serum in the IEOP test.
Sera A, 8 and E were use0 as antigens (C and 0 were non-reactive)
versus sera H (monoclonul MSA 06H 1 .2A directed against C3d),
J (monoclonal
HAV

MSA 07J 1 .6F 1iirected against C3b) and K (IyM anti-

positive 11LJ002-IJ5).

Monoclnni"d ~;erurn (H)

antiJJen prep<Hatinll (ll) - U:1.·
Juclqecl t1y c>en 1m ,· i< I .

reactecJ

aqa.in~.;L

·.LnHHl\'~·;L dil\~iqen prcpdrat i.Jil ::1:.
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0
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H8327/82

2

(\J

0

0

1

IEOP--

~ ~

(+)(+) +

+- - :. - -. ; - - -

Figure 3.6 Sepharose 48 chromatography of IEOP antibody.
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IEOP

H9035

lEO
Figure3.7Measurement of protein (oo

280

*

+

)~ IgM and IEOP reactivity of

sucrose density gradient fractions of IEOP positive IgM
anti-HAV positive sera.
Note presence of 7S IgM in samples H8977 and H8982.
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infectious

diseases.

Immunoconglutinins

(IKs)

are
autoantibodies formed as a response to complement fixation
in vivo. They do not react with complement free in
solution but react against bound complement (Lachrnann,
1967).

IK ACTIVITY IN INFECTIOUS DISEASES
It was already known that IK as detected by IEOP was present
in acute hepatitis A infections (See also below), but it was
not known what other infectious diseases also had IK
activity. To help in answering this a panel of sera from
indi,viduals suffering from various infections was obtained
from"; the RVL and tested by IEOP (Table 3. 4) • The Table
1
Show~ that the only infections in which IK was found were
mycoplasma pneumonia and coxsackie B infections. In the
1 imi ted panel of other infections no reactivity was found.
However this does not exclude these infections from being
associated with IK production (See later chapters). It
should be noted that no IgM anti-CMV or IgM anti-EBV
positive sera were included in the panel as at this time
these were very scarce but of the other herpes virus
infections tested none reacted by IEOP. More recent
studies have shown that IK activity can be detected in
certain patients with proven IgM anti-CMV or IgM anti-EBV,
these patients usually having liver involvement such as
jaundice or raised LFTs.
Does IEOP detect IK in proven infectious NANB material? A
coded panel of specimens was received from Dr H J Alter of
the National Institutes of Health, USA and tested blind.
The results are shown in Table 3. 5. The breakdown of
results was received by return of post and showed that the
panel consisted of 4 specimens from well-categorised NANB
cases,

of

which

3

were

proven

to

be

infectious

in

chimpanzees, plus 2 samples from pedigree blood donors
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Table 3.4 Results of IEOP test for IKon RVL samples
Infection
Mycoplasma pneumonia
Coxsackie B

asv
varicella/zoster
Measles
Ade no
Infl.uenza A
:.,

Number
Tested

IEOP
Positive

20
25
2
4
4
3
3

10 (50%)
4 (16%)
0
0
0
0

0

B

1

0

Psittacosis

2

0

64

14

I

r' ~Influenza

Total

;!

Table 3.5 Results of mini-panel obtained from NIH,2USA (Dr H J Alter)
Patient

IEOP

RF

A/CMV

A/HBc

-B-reakdown

NEG
+
NEG
+
NEG
NEG

NEG
NEG
NEG
NEG
+
NEG

+

+

NEG

NEG

NEG
+
+
+
NEG
NEG
NEG
Original

NEG
NEG
NEG
+G
+G
NEG
NEG
IEOP

Normal donor
NANB PTB Proven infectious
Normal donor
NANB PTB Proven infectious
Donor Proven infectious
NANB PTH Not proven infectious
Alcoholic hepatitis
Reaction due to RF

Ab

MLep
PGpl
DMea
JFor
BCon
JLap
HBro
HBroPigG

\·

r

~

0
0
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(X)
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(donors never implicated
alcoholic

hepatitis

in PTH cases) and 1 sample from an

case.

The

IEOP

system

detected

antibody in 2 out of 3 proven infectious material but in
none of the pedigree blood donors. Antibody was detected
in the

alcoholic hepatitis

case but absorption with

polymerised IgG also removed IEOP antibody activity as well
as RF. One of the specimens detected by IEOP was the·
original nFn strain inoculum which caused cytoplasmic NANB
ultrastructural changes detected by EM (Feinstone et al,
1982) •

Thus the IEOP test detects IK in NANB hepatitis as well as in
other infections. From these results it was felt
w~rthwhile

J'.l-

t

to routinely IEOP and SGPT test HRL sera,
es~ecially those sera from jaundiced individuals.
Any
positive IEOP result would therefore be extremely
worthwhile investigating further
to ide.ntify any
infectious cause fot the IK activity.
Complement C3 and C4 levels in IEOP positive sera
Around one third of IEOP positive sera tested had either
raised or depressed C3 levels, but a lesser proportion had
abnormal C4 levels (Table 3.6). Haemolysis tests showed
that functional C3 activity could be neutralised by
addition of the plasma sample from the only donor found to
be IEOP reactive against the FR antigen. This suggests
that this donor sample had an antibody directed against C3.
Some IEOP positive samples also produced double zones by

.

·,

RID. These could be explained by C3 and C4 degradation as
.
0
the samples were not tested fresh but after storage at 4 c.

Immunoglobulin levels of IEOP positive sera
I gM, IgG and IgA levels were measured using RID { Immuno and
BCL) (Table 3.6). Most IEOP positive sera had raised I gM

'

r
j.·l:

j;

i.;.:l..

:!
i~

;i)i
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Table 3.6 Levels of C3, C4, I gM, IgG and IgA in IEOP antibody
positive samples and others
Protein Measured
(Normal Levels)

Samples

Protein Levels
Depressed Normal
Rais.ed

C3 (63-146iu/ml)

IEOP Ab
Hep A pos
Others

18

C4 ( 6-36rng/d1)

''IgM

(~2-246 i u/ml)

IgG {80-195iu/rnl)

IgA {40-200iu/ml)

0

42
14
16

1
2

4

43

6

0

16

5

3

31

38

1

3

8

IEOP Ab
Others

1

17

14

2

8

2

IEOP Ab
Others

2

14

17

2

8

2

IEOP Ab
Others
IEOP Ab
Others

2

8
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or IgA levels but the majority of those tested for IgG had
normal levels, suggesting that IEOP positive sera could be
more associated with active infection.
Although it could be argued that the IEOP test actually
measured IgM alone, precipitin lines did not appear when
the screening antigen was omitted from the test system.
Also several IEOP positive sera had normal or depleted I gM
levels whilst other samples with raised IgM levels failed
to react.

IEOP TEST PERFORMANCE IN HAV INFECTIONS
I~

testing specimens found to be IgM anti-HAV positive by
Ha~ab-M (Abbott Laboratories) 88% were reactive by IEOP
(Table 3. 7) • It should be noted that the results of HavabM tests were not known prior to performing the IEOP tests.
When SGPT levels were examined in relation to the IEOP
results it was obvious that the IEOP reactivity was
associated with raised SGPT levels (in which 94% were
positive) compared to normal SGPT levels (only 14% were
IEOP'positive}. Almost 60% of those found to be IEOP
negative had SGPT levels below 92 SF U/ml - the threshold
level used in the study to determine possible NANB
hepatitis.
Follow-up samples were available from some individuals and
all those positive for IgM anti-HAV were tested by IEOP
(Table 3.8). Fol~ow-up samples within 7 days of original
samples were not included. From 2-4 weeks after the
original samples, 60% were detected by IEOP. This fell to
50% for follow-up samples between 5 and 13 weeks after the
original samples, whilst none of the follow-up samples over
3 months after the original samples were detected.

Again

the IEOP reactivity was associated with raised SGPT levels,
being found in. 83% of those with SGPT levels greater than
125 whilst only 7% of those with normal SGPT levels reacted.

Table 3.7.IEOP-test ·results on IgM anti-HAV posi1:ives according to
SGPT.level
SGPT_' Level

NT

0-35

J?os::ltive

. 19

9

ijd~_N~gafive

4.

:(EO~.

T~~ai .. ··...•.,..
%IEioP

,
detected

,'~3.<,
·,·,. 82%. ·.

53
·.. ,62. ·.
·.14%·~

35-92

92-125.

30

23

: ,. 963

27

2:
'25 ". ·· ·

52
)1015<

. _;.~7
, ;r;:s3% ·

. 9!2%··

>125

94%

Total
·1044
138
1182

as%

r

~

0
0

--"
(..)
(..)

<0
--"

.....,

"Tr •

-·

Table 3.8 Follow-up samples from acute hepatitis A patients : results
of SGPT and IEOP, tests
S-8

9-13

>13w•~eks

Total

5

3

0

15/18 ( 83%)

3

1

0

0

4/5

( 80%)

35-91

1

1

1

0

3/8

(37%)

<35

1

0

0

0

1/14 ( 7%)

IEOP +ve
PT

>125
92-125

Total

2-4
7

12 60%

7

50%

4

50%

0

0%

23/45 (51%)

IEOP -ve
PT

>125
92..-125

2

0

1

0

0

0

1

0

35-91

3

1

1

0

5

<35

3

6

1

3

13

8

7

4

3

22

Total

3
1

r

~

0

0
......
-
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(...)
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Three individuals were unusual as their original specimens
were negative by IEOP whilst later samples were positive.

IEOP TEST PERFORMANCE IN HBV INFECTIONS
Although only one third of the HBsAg positive specimens
tested were reactive in the IEOP test system, there was
again an apparent association with raised SGPT levels
(Table 3.9): 49% of those with raised SGPT levels (>125)
were reactive compared to only 3% of those with normal SGPT
levels (<35).
When ·• HBe status was co.nsidered there appeared to be an
·, asso'ciation of IEOP reactivity with HBeAg and a negative
~' assohiation with anti-HBe, but this association was not
pr-oven when only those with raised SGPT levels were
considered (Table 3.10).
An association of IEOP positivity with IgM anti-HBc was
evident (Table 3.11} but 6 of 30 with IgG anti-HBc were
reactive by IEOP. Further investigation on these 6 (Table
3.12) revealed that 2 of the 6 had exhibited a prozone
effect in the IgM anti-HBc test- when they were tested at a
1:1000 dilution they gave negative results, whilst they
were clearly positive when tested at a 1:4000 dilution~
Another ( GG) of the 6 had been known to be HBsAg positive 7
years previously (as a blood donor) but after further
enquiries it was shown that he had just returned from Kenya
and was suffering from malaria, although he was also antiHDV positive. The other 3 samples were all HBeAg positive.
26 HBsAg positives were initially IEOP positive with SGPT
levels greater than 120. These 26 were IEOP negative at
follow-up samples

ranging

from 12-85 days

after

the

original samples. Six of the follow-up samples ranging
from 12-26 days still had raised SGPT levels but one of

Table 3.9 Results. of IEOP tests on BB sAg positive specimens
according to SGPT level
SGPT Level

NT

<35

35-91

92-125

>125

Total

Number tested
IEOP positive
Percentage pos

25

137
4
3%

74
10
13%

23

363
180

622
206
33%

8

32%

4

17%

49%

r

~

0
0
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Results of IEOP tests on HBsAg positive specimens
Table 3.10
according to BBe status and SGPT level -:: -··
._.~.

BBe Status
Number tested
IEOP positive
Percentage pos

BBeAg

Anti-HBe

248

93
21
22%

114
46%

201
108
54%

63
26

..

~-·· ~

NT

Total

218
45

622

41%

20%

36
17

45

81

23

32

47%

51%

39%

SGPT>l25

Number tested
IEOP.positive
Percentage pos

Neither

,/

..

206
33%

363
180
49%

r

~

0
0

......

Table 3 .11 Results of IEOP tests on HBsAg positive
specimens according to anti-HBc status
,_..,.... ..

~

Anti-BBc Status

I gM

IgG

Negative

Total

Number tested
IEOP positive
Percentage pos

142
71

30

5

177

0

77

0%

43%

50%

6*
20%

* see Table 3.12

r

~
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0
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Table 3.12 Results of further tests perfo±ied on the 6 IEOP positive BBsAg
positive IgM anti-HBc negative samples (Table 3.11)
Patient

...

·~

KT

MM cC
CP

RM
DC
GG

Specimen
Number

Cor ab-M
1:4000 dil

A-HDV

Other Information

H5715-84
H2151-84

NEG
NEG

NT

17F J weak HBeAg
56F J HBeAg, next
sample HBeAg negative

H0445-84
Hl0469-83
H9427-83
H5027-82

POS
NEG
POS
NEG

NEG
NEG
NEG
POS

NEG

HBeAg pos
Malaria

F=Female
J=Jaundice

r

~

0
0

......
(...)
(...)

c.o

-..J
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these (EA) was shown to have seroconverted from HBeAg to
anti-HBe.

The other 20 follow-up samples, ranging from

29-85 days had lower SGPT levels suggesting acute HBV
infections.
Six

HBsAg

positives

initially

IEOP, negative,

positive at periods ranging from 14-133 days.

became

Three were

associated with increases in SGPT levels including one ( WK)
which the original sample had a normal SGPT level, HBeAg
positive but anti-HBc negative.

The next sample at day 31

was IEOP positive, HBeAg positive with IgM anti-HBc and had
a raised SGPT level.

Two other HBsAg positive individuals

whose first samples were IEOP negative but second samples
IEOP positive had decreases in SGPT levels.
While IEOP reactivity showed some correlation with acute
infection (anti-HBc I gM), with HBeAg and raised SGPT
levels, there was not the pronounced almost diagnostic
correlation seen in HAV infection.

PANELS
Panels of sera have been exchanged with several other
laboratories with interests in NANB research (Table 3 .13).
The original FR antigen was found to have. both a slow and
fast antigenic component by immunodiffusion

(Hopkins,

1981) showing it to have both MlAg and M2Ag markers {kindly
performed by Dr R Hopkins)
M2Ag

positive

o

specimens

Further tests showed that of 6
found

4 were

IEOP

antigens

suggesting that M2Ag and the IEOP antigen may be similar
(i.e. a complement breakdown component}.
The development of an RIA test for a hepatitis-related
antigen (HRA)
anti-BRA

in

system by Neurath et al (1980) did detect
some

IEOP

antibody

positive

specimens.
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Table 3.13 Results of panels sent to other laboratories
a) M2Ag (Hopkins, Edinburgh BTS)
IEOP Antibody
IEOP antigen
IEOP negative

M2Ag Pos

M2Ag Neg

1

4

4

4

1

6

b) CDA/anti-CDA (Neurath, New York)
CDA-1 Ag
IEOP Antibody
IEOP antigen

J-•)

c)

~·

DS

Anti-CDAl
3 {+6 weak)
1 weak

7
3

Neg
7
0

~-

antigen (Duermeyer, Organon)
DS

IEOP Antibody
IEOP antigen
IEOP negative

Ag

Neg

0

3

0

4
3

0

d) Babesia antibodies (William.s, Inverness)
IEOP Antibody
IEOP antigen
IEOP negative

Babesia Pos

Neg

1

12

0

4

0

3

e) Anti-HTLV-I and anti-HTLV-III (Dalgleisb, London)
IEOP Antibody
IEOP antigen
IEOP negative

A/HTLV-I

Ill

6

0

0

1

0

0

18

0

0

f) Panels also sent to Trepo(France) and Tbomas(London) but
no results were furnished
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Subsequent studies by the New York group showed that the HRA
antigen was in fact a cytoplasmic dominant antigen (CDA)
which was a common constituent of red cells but the antibody
against this antigen was found in transfused individuals
{Neurath et al, 1981}.
After sending samples to Dr Duermeyer for DS antigen tests
(Duermeyer et al, 1983a and b), reinvestigation of this
antigen proved it to be an anti-Gm antibody and none of the
samples sent were reactive (Hellings et al, 1984).
A crude ELISA system for Babesia antibodies was developed
by o·r H Williams. This system was said to also detect some
NANB; samples so samples were exchanged, but only one of the
''' 13 IEOP antibody positive sample/s was shown to be reactive
(a middle-aged man with a prior history of hepatitis whilst
in Bangladesh a few months previously) .
Testing a panel of NANB sera including PTH cases, donors
with raised SGPT levels and drug abusers with unexplained
jaundice for HTLV-I and HTLV-III antibodies showed that
none of the panel had. been infected with these
retroviruses, confirming the findings of Iwarson et al
(1985).
samples were also sent to or Overby (Abbott Laboratories)
for testing in his ID system, but no general agreement was
found with results obtained with the IEOP test.

Other

panels were sent to Dr c Trepo ( Trepo et al, 19 80) and Dr H
Thomas (Luo et al, 1983) but both individuals failed to
report any results.
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DISCUSSION
NANB diagnosis is currently made on the evidence of noninvolvement of the 4 main hepatotropic viruses, HAV, HBV,
CMV and EBV.

The available tests for HAV and HBV are

generally very efficient at detecting infection with these
viruses. Unfortunately the standard tests for CMV and EBV
are not now regarded as being efficient at detecting
infections with these herpes viruses.
CF tests for anti-CMV have been superceded with newer test
systems e.g. CIEP, anticomplementary immunofluorescence,
passive haemagglutination, EL ISA and RIA ( Tegtrneier, sweet
i and
B.ayer, 1982; Booth et al, 1979 and 1982; Kirnmel,.
)
,,FJriedrtlan and Sarov, 1980; Torfason, Kallander and Halonen,
1981; Kurtz and Barlow, 1984, and Hunt et al, 1984). The
~

anti-CMV RIA test developed in this project was unlike
other RIA tests (Torfason et al, 1981; Kimmel et al, 1980}
in that it could detect all classes of immunoglobulin ( IgG,
IgM and IgA} as the radiolabel used was a broad spectrum
anti-immunoglobulin. Theoretically
RF
should
not
interfere with the test system as the radiolabel used was a
Fab fraction. RF binds to the Fe portion of immunoglobulin
molecules and this portion has been removed from the
radiolabel probably by pepsin digestion.
One of the main disadvantages of the RIA test was that a
proportion of sera gave non-specific positive results.
The proportion giving these results could be reduced
considerably by addition of control antigen to the specimen
diluent but even using this procedure a few still gave nonspecific results. Initially the competitive RIA test was
used to determine the CMV status of these non-specific
positives but later the commercial (Abbott) ELISA system
was utilised.
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The other disadvantage of the RIA test was the short shelf
life of the coated beads (maximum storage 3 weeks).

This

was probably related to the instability of CMV antigen
which is best stored at· -7o 0 c.,

The advantages of the RIA

test tend to outweigh the disadvantages. Firstly it is
cheap (around lOp), simple to perform, rapid with results
within 2 hours (compared to Law ELISA taking 5 hours),
comparable in sensitivity with "in-house" and commercial
EL ISA tests and more sensitive than CF confirming the views
on the insensitivity of CF expressed by Booth et al (1979
and 1982) and Kimmel et al (1980).

I'

EBV qiagnosis was made by screening with the inexpensive
inonotest and confirming positives with the more expensive
immunofluorescence (IF) test for IgM anti-EBV. The
monotest system used has been adopted by the HRL and
·approximately 90% of I gM anti-EBV positive specimens have
been detected as having heterophile antibodies. The 10%
of I gM anti-EBV positives missed by the heterophile
antibody screening test were generally specimens from the
very young or very old - groups in which NANB hepatitis is
very rare. Unfortunately the monotest system as shown in
this study had a 50% false positive rate, but some of those
f.ound to be negative by IF were shown to have IgM antibodies
to other viruses suggesting that heterophile antibodies
occur in other infections apart from EBV.
The

IEOP

test

has

been shown

to

be a

reliable and

reproducible test in identifying patients with acute viral
hepatitis, but i.t is not specific for any particular
infection. The IEOP antigen has been shown· to be a human
complement {C3) breakdown product which appears in some
plasma specimens from healthy individuals after storage at
4°C for at least 10 days.

It could be asked why this

antigen reactivity is absent from fresh sera but develops
later. Both Schifferli et al (1982) and Sinosich et al
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(1982) have shown the concentration of the complement
breakdown product (C3d) progressively rises in serum and
plasma

stored

at

4 °C.

In

addition

the

problems

encountered in producing a screening IEOP antigen from EDTA
plasma can be attributed _to EDTA effectively freezing the
complement system.
The most convincing proof of the IEOP antigen actually
being a complement breakdown product came from performing
parallel tests with a monoclonal antibody, BRIC-8,
produced by Dr D Anstee of the South western Regional
Transfusion service. This monoclonal antibody has been
shown to be serologically specific for the C3d antigen
irre$pective
of the state of degradation of C3 i.e. C3b,
;
'' C3bi," C3d. g and C3d but not found in C3c or C3g (Lachmann et
al, 1983; Merry et al, 1983; voak et al, 1983).
Confirmation of this activity with C3d came from the
finding that another monoclonal directed against C3d
produced lines against the IEOP antigen whereas a
monoclonal against C3b did not. A diagram of the suggested
breakdown sequence of C3 is shown in Figure 3.8.
The IEOP antibody activity has been proven to be a l9S IgM
which reacts with degraded human complement and therefore
is immunocongl utinin ( IK) • IK is an antibody analagous to
rheumatoid factor (RF) in, that both IK and RF are
predominantly IgM autoantibodies. In the case of RF,
activity is directed against fixed antibody; whereas IK is
directed against fixed complement.
IK was first described by Streng (1930). Apart from man
IKs have been shown in rats, mice, guinea-pigs, pigs,
horses, dogs, sheep, cows and even chickens (Lachmann;
1967). The original test used to detect IK involved a
complex
haemagglutination
heterologous erythrocytes,

method
which
utili$ed
antibody and complement
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bound

free

C3

~e

C3a

C3b
+Factor I+ Factor H

C3bi
Factor I + Complement Receptor
(CR 1)

C3c

C3d.g
Tryptic enzyme

C3g

C3d

adapted from Voak et al (1983)

Figure 3.8

Suggested breakdown sequence of human complement C3
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(Lachmann, 1967). Newer ELISA assays (Hautanen et al,
1978; Durand and Durger, 1984) have avoided the problems
associated with heterologous reagents but some false
positive results have been encountered due to the presence
of immune complexes or aggregated immunoglobulins in test
sera. Both these systems are somewhat complex to prepare
and standardise when compared to the IEOP test described~·
The original haemagglutination system as used by Lachmann
( 196 7), found low IK levels in normal heal thy donor sera,
whilst high IK levels were found in situations where in vivo
complement fixation was believed to be occurring e.g.,,,.<:

chronic bacterial infections, acute viral infections~
Caspary and Ball (1962) found raised IK levels in
~
~
cheumatoid arthritis and Hashimoto•s disease (but not in
multiple sclerosis). Bienenstock and Bloch (1967) found
raised IK levels in other aut"oimmune diseases such as
Sjogren's syndrome and systemic lupus erythematosis.
In this
antibody
patients
positive
patients

study raised IK levels as determined by IEOP
detection have been found in almost 90% of
with acute hepatitis A and in around 33% of HBsAg
patients. Over half of the IgM anti-HAV positive
which failed to be detected by IEOP, had SGPT

levels below the threshold level suggesting convalescence
from the acute episode. This would indicate that in an
acute HAV infection IK activity falls long before the
patient becomes negative for IgM anti-HAV. Using the IEOP
test in the past 3.5 years to screen the HRL hepatitis A
routine has helped to identify technical errors, such as
wrong specimen tested or incorrect result due to test
dilution error, as well as help detect positives in
individuals who would not normally be tested (over 40 years
old).

In family outbreaks of hepatitis A the IEOP test has

been able to identify which family members were probably
infected first (IEOP negative) compared to those currently
suffering from hepatitis A (IEOP positive).

*

See page 79a
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Streng

(1930)

was

the first to demonstrate that the

injection of sensitised bacteria which had absorbed
guinea-pig complement could stimulate the production of IK
in rabbita,.
It has since been shown that IK ·could be
stimulated in dogs and mice by acute infections with Gramnegative bactef ia, such as Bordetella, Salmo,nellaj,
Klebsiella and Pasteprella, as well as Gralf!<-positive
bacteria
such
as
Listeria,
Staphylococcus ·and
Streptococcus (Ingram 1965a). Generally· Gram-negative .
bacteria stimulated quite high titres of IK whereas Grampositive organisms caused a weaker stimulus.
chronically infected with Brucella abortis or Salmon~lla·:,.·
typhimuriurn produced sustained elevations of IK
.i', ·:;':('•:.s::.:;.;==·.·===··>'
•

'

'~

I

'

• •

~J

' 0 h '~

"

•

,, •

:

1965b}.
Marks and Coombs ( 1957) tested approximately 6000 he~d-~·~Y:
human blood donors and several hundred patients suffeid.ng
·--~-~0~'~;·.· .·.:···:,..._·
.·
.
- ..·-..·.·· ·":>~;_·· ... :_ ..
from various diseases. Al tb~()Q"gfi only 5% of blood 'dollo;r;t;. :;::·:::
tested had IK titres above 8, .74% of patients with··~:·,·~~.
·'I

i

::

.·'•

bacterial infections (including bacterial
.
·. . .
streptococcal infections) had IK titres greater .thari 8 · ..... ,..,. .,.:·,•:.·:}!,': ·;);· •.:,
of patients suffering from chronic bacterial infecti·.·n· n~/?":.·;:}::o:.·:::.~·.:.>~i-!' {RI
v

(including
Tuberculosis
and
subacute
· pact«f!;;ci;~l.:·
endocarditis) had high IK levels, whilst 76% o.£,: ,P.ttf;'r1t~
with acute viral infections (mainly polio) had~,~l~v~teq I~- ··
.
'<,'
:·.· ···.· ........ :,.
levels. Unfortunately the data on the patients did:·p,ot
specifically define the organisms assoc.i.~ted: with:-~:?t;~e··
.
.
developnent of IK, but it was obvious that a huge;ari~~y/of
agents (bacterial, viral and protozoal) could stimul~te·'IK
production. This indicated that IK was not. related:'to ~rl.y
specific antigenic
component of the stimui~ting::.o·qiliJ1ism.
.
, - . ':
-·
-- .··. -.. . ·.\:. . .....
r -,,,_ . ·.

·:

.

~

'

,,. ,_

·;~ ~·.r.•
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The IEOP test when performed on HBsAg positive specimens
showed reactivity in association with rais.ed SGPT. levels:
and IgM anti-HBc i.e. probably at the time of acute HBV
infection. From the results of testing follow:-up samples
from HBsAg positive individuals the IEOP antibody activity
appeared when IgM anti-Hf>c developed and disappeared when
SGPT levels returned to normal. Therefore the IEOP
activity is associated with acute HBV infection rather thc:m
chronic asymptomatic carriers (although only 50% of acute
HBV infections are detected). The finding of 2 of 6 IEOP
positive HBsAg positive IgM anti-HBc negative samples
exhibiting prozone effect for IgM anti-HBc highlights the
usefulness in performing (the
IEOP test on known HBsAg
.
posftive individuals to provide an indication as towheth~r
there is an acute ( IEOP positive or negative) or chronic
(IEOP negative only) infection. The other individual
found to be a known HBsAg carrier but which was found to be
IEOP positive was shown to be suffering from malaria and
this reemphasises that the IEOP test is not specific for
viral hepatitis alone but can also produce positive results
in other infections including para si tic infections, a
featu·re already reported of IK ( Topley, Knight and
Woodruff, 1973; Woodruff et al, 1972).

.

.

The finding of only some C3d preparations reactive as IEOP
antigens would suggest the existence of 2 difj!erent ~or1ns .
of human C3.. Rosenfield, Ruddy and Austen (196~)
described such a ge:netic polymorphism for C4, wpere t~e
products of the C4S (slow) and C4F (fast) loci correspqnqed
..
to the blood gro11ps, Chi do ( Ch) and Rodgers (E.g) ( O' Ne~ll et
al,.l978).. Fui::t~ermore the Chido and Rodge:rs det~rmiqants
are found in the C4d fragment of the C4 molEicU.le (Ti~ley,
E.om.ans and Croo(tston, 1978). Lambin et al.(·J.··~B4l··~ho~ed
.

f

that a patient suffering from chronic
B} . exhibited

.

,·

u

•

hepatit~s,

•

,-

··.·-

-:i·:·:.

'•.'•

(not.A.nqr

a severe transfusion reaction after; ..the
· ·:administration of plasma or plasma products~ Thi$ patient
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was shown to have an IgG antibody directed against C4 (antiRg) i.e. an allo anti-C4 or alloirnmunoconglutinin.
C3 has also been shown to exhibit genetic polymorphism
(Alper and Pro pp, 196 8) similar to C4 i.e. C3S and C3F loci
with 3 different resulting phenotypes C3S ( 6 5%), C3FS ( 30%)
and C3F ( 4%) with C3variants ( 1%}. This w"ould probably
explain why some C3d preparations reacted as good IEOP
antigens whilst others did not. The slow and fast C3
components may also explain why several workers found
multiple lines with certain samples (Dow et al, 1981;
Hopkins, 19 81). It has also been reported by several
workers that at first antibody activity was detected by
. thelr system but on rete sting at a later date the samples
'
!
1
1983b). This could be
' 'became antigen positive (Dienstag,
accounted for by IK being first detected as antibody then
being gradually neutralised by C3 degrading within the
sample. When all IK was neutralised an antigen excess
would be formed. Samples with little C3 would remain
positive for antibody.
A raised IgM level suggests acute hepatitis (especially
HAV) or primary biliary cirrhosis (PBC); a raised IgG level
suggests chronic active hepatitis and a raised IgA suggests
alcohoiic liver disease (Becker, 1975). Zhuang et al
(1982) showed that their NANB patients had increased levels
of IgG compared to BAV and BBV patients.

In this study

immunoglobulin levels tended to be raised in most IEOP
positives, yet some with normal or depleted levels were
still IEOP positive suggesting that the IEOP antibody
activity was not due solely to vastly increased
concentrations
of
immunoglobulin. Sucrose
density
gradient ultracentrifugation confirmed the protein-A and
DTT treatment results that the IEOP antibody activity was
I gM and that this was 19S and not 7S. Nagington, smith and
Cranage (1982) have shown that 7SigM is produced in
CMV
.
/

. I
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infections. In this study clear proof was shown that 7SigM
also occurs in some hepatitis A infect~ons. It could
therefore be argued that th.e elevated IgM levels found in
hepatitis A infections may be in part an overestimation due
to 7SigM diffusing more quickly than 19SigM.
overall the results of panels sent to other laboratories
showed that the IEOP antibody or its corresponding antigen
was not associated with other workers systems. The
original IEOP antigen (FR) was found to have both MlAg and
M2Ag by Dr R Hopkins(Hopkins 1981} but Or Neurath found a
weak anti-COAl. Although this may appear strange it is
possible that the antigens found by Dr Hopkins and myself
, were. actually C3 breakdown products whilst anti-COAl was
~~ ;prodticed as a result of this patient being given a unit(sJ
of CDA-1 positive material. The panel obtained from J?r H J
Alter showed that the IEOP test could successfully detect a
proportion of known well-documented NANB cases including
the original "F" strain.

..

.~

Preliminary tests on patients with drug overdose~. ·'()r •.·
obstructive jaundice and alcoholics (data presented in
later chapters) showed that the IEOP test was only rarely
positive. This suggested that the IEOP test was highly
specific for diagnosis of viral hepatitis or an infectious
process involving the 1 iver.. The IEOP test has been proven
to be useful in testing individuals with HAV and HBV
infections as described in this chapter but a large number
of other IEOP posi ti v·es have been found in whom HAV and HBV
were not involved (as determined by IgM anti-HAV and HBsAg
tests). This group of other IEOP positives is thus a very
interesting group of samples· as it should contain samples
from individuals with acute NANB infections. It is well
known that viruses other than HAV and HBV can cause
jaundice. ·Therefore these other IEOP positives have been
tested.for anti-HBc, anti-CMV, RF and heterophile antibody
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to exclude atypical HBV, CMV and EBV as causes of supposed
NANB

infections.

The

IEOP

test

has

been

used

in

conjunction with SGPT assays to screen various groups and
the results are presented in the following chapters: blood
donors (healthy controls) and people with a history of
prior jaundice (Chapter 4); recipients of blood or blood·
products (Chapter 5); drug abusers, alcoholics and genitourinary medicine patients (Chapter 6); and other jaundiced
and non-jaundiced patients (Chapter 7).

LIT.001.3411

84

CHAPTER 4
NANB IN BLOOD DONORS
SCOPE OF PROBLEM
INTRODUCTION
Ever since the problem of NA~B hepatitis was recognised by
Blood Transfusion agencies worldwide a test has been sought

~

:

;_.:
....

r; '

('

which could detect problem donors and eliminate suspected
donations. The lack of progress towards a specific and
sen'si
ti ve test for a defined agent prompted the American
t
transfusion services to look for any specific marker which
might help to reduce the incidence of NANB PTH in the USAe
Serum glutamic pyruvate transaminase (SGPT) or alanine
aminotransfersase {ALT) is a highly sensitive indicator of
parenchyma! liver damage by a variety of causes including
viral infection. If every liver cell loses 0.1% of its
contents the normal plasma ALT level will be doubled
(Muller, 1983). Sensitivity is therefore exceptionally
good but specificity is poor. Several American and
European centres have introduced routine ALT testing of
donations in an effort to reduce NANB PTH and the evidence
from two American large scale studies (Alter et al, 1981;
Aach et al, 1981) indicates a reduction in NANB PTH of
betw~en 29-40% with the loss of around 3% of potential
donors. If it is accepted that the NANB PTH cases in these
American studies are genuine, then the ALT test apparently
does detect problem donors who can transmit NANB infection
but alsd many others who have an ALT elevation for reasons
other than infection with a NANB agent. In order to try and
ascertain the scale of the problem of NANB hepatitis in W
Scotland blood donors, the ALT test was used as a sensitive
but. non-specific indicator

of liver

damage.

s~veral

thousand donations were tested for SGPT levels and the
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results compared with the American data.

In addition all

specimens showing abnormai SGPT levels were further tested
for markers of current A, B, CMV and EBV infection and the
presence of IK.
;

Until 1975, individuals with a history of a previous
jaundice episode were .. excluded from donating blood in the
United Kingdom as it was argued that the jaundice episode
might have been a hepatitis B infection resulting in
subsequent carriage of the virus. As more sensitive HBsAg
~-

..·..

,,

1

tests were introduced, the regulations were relaxed
allowing those individuals to donate blood provided that
the~r jaundice episode had occurred at least one year
pre\riously (DHSS, 1976)
In the United states, the
regulations have never been relaxed as it was considered
possible that the jaundice episode could have been a NANB
infection leading to carriage of a NANB agent. Tb·e
American argument seemed reasonable and it was therefore
G

decided to look for evidence of NANB infection in blood
donor~ giving a clear history of a previous episode of
jaundJce. Specimens were tested for anti-HBs, anti-HBc,
anti-HAV, anti-CMV and anti-EBV, i.e. all markers of prior
viral infection with HAV, HBV, CMV and EBV. Tests were
al~o carried out for SGPT and IK markers suggestive of a
current non-specified infection. To supplement this
study, sera were also tested from patients with an
indicated history of jaundice or hepatitis whose sera had
been sent to the HRL for HBsAg testing.
The aim of SGPT testing of donations and the study of donors
with a history of jaundice was to attempt to define the
scale of the NANB problem i.n w Scotland and, in par;ticular,
to compare it with the American experience.
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RESULTS
DONOR SGPT TESTING

Biochemistry
kinetic

laboratories

assays

in

normally

autoanalysers.

measure

ALT

Several

using

reasons

including the non-availability of an autoanalyserv
cost of commercial ALT tests

(lOp per test),

the

and the

requirement for a considerable volume of sera for these
tests made the SGPT test more practicable for the study (see
also chapter 3).
As several studies have emphasised that the incidence of
ALT elevations varies according to geographic region,
socioeconomic status, sex and ethnic sub-groups (Aach et
al, 1981; Sherman and Dodd, 1981), it was felt necessary to
determine what the cut-off levels used in this study
represented.

The results of SGPT testing 170 sequential

donations from two typical sessions, an industrial session
{GM Terex) and a town session (Lanark) were analysed.

The

geometric mean was found to be 14.7 SF U/ml, with a mean log
of 1.168 and standard deviation of the mean log 0.238.
Table 4.1 shows the various cut-off levels used in the study
expressed as standard deviations above the mean log.

The

statistical cut-off level used by the NIH study (Alter et
al, 1981) was 2 .25SD which was 54iu/L in their test system.
In this study 2.25SD is represented by a cut-off

1~vel

of 50

\

SF U/ml.

As fatty or haemolysed samples and samples from

individuals after mode rate alcohol intake can affect SGPT
values, a cut-off level of 92 SF U/rnl was chosen as this
excluded minor SGPT disturbances.
The distribution of SGPT levels obtained on the various
donor groups is shown in Table 4.2.

It can be seen from the

table that prison donors differed markedly from other
donors

in

particularly

the

proportion

greater

than

with
92

higher
SF

SGPT

U/ml.

levels,

Table

4.3

represents the results on the different donor categories

o•o•••~ --~---·· ......,.....,......,.,..,~~ -~:;:-·.-,~,,=--·r.:..~~~-~~--~~:-:-r- :.ro:.,..-~;.,~C~cC-c ,_c_c_c_:"~c;~·-.~

"~-'-0

··~~.-

--~---··",-'

,_,_•""

:.-:~--~·:::::~~::;.::~

'1

Table 4.1. Cut-off .levels exp~,e~sed as Standard Deviations
(SD) over the mean log of:I70 -resu],.ts:from·two normal sessions
.
-... ~;:,:. ~:;~':-:. ~; :; _·.
._

SGPT level
SD

35

1.6

42
'1.9

__.

50.

92

2.25

3.35

125
3.9

SF U/ml

r

~

0
0

......
(...)
~
......
~

Table 4.2

Range of SGPT results on different blood donor categories

Donor Category

Number
Tested

SGPT 1eve1s(SF U/ml)
<35
36-41
42-49

50-91

92-124

>125

Prison

5057

4835
(95.6)

61
(1.2}

51
(1.0)

62
(1.2)

13
(0.26)

36
(0.7%)

Others (normal)

4980

4855
( 97.5)

59
(1.2)

31
(0.6}

31
( 0. 6)

1
(0.02)

3
(0.06%)

484

471
(97.3)

4
(0.8)

(0.6)

5
(1.0)

10161
{96.6)

124
(1.2)

85
( 0 • 8)

98
( 0. 9)

Jaundice history
TOTAL

10521

3

0

1

(0.20%)
14
(0.13)

40
( 0. 3 8%)

r

~
0

0
......
(...)
~

......
01

Table 4 .. 3 SGPT results_on different donor categories according to different
cut-off levels
Donor
category

Number
Tested

SGPT Levels in Excess of
>35
>42
>SO
>92
222
161
110
49
(4.4}
{3.2)
(2.2)
(0.97)

36
(0.71%)

>125

Prison

5057

Others (normal)

4980

125
{2.5)

66
(1.3)

35
t0.7)

4
( 0. 0_8)

3
(Oa06%)

484

13
(2.7}

9

( 1. 8)

6
(1.2)

1
(0.20)

(0.20%)

360
(3.4)

236
(2.2)

151
(1.4)

54

Jaundice history
TOTAL

10521

(0.51)

1

40
( 0 .3 8%)

c'--~~;~

r

~

0
0

......
(...)
~
......

(j)
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according

to the different cut-off levels.

A marked

variation was found between prison and normal donors
especially at the high cut-off levels (92 and 125 SF U/ml) ..
The prison group had almost 12 times as many with SGPT
elevations

compared

to

normal

donors.

The

prison

population was selected for this study· as it was already
known that this population had a higher risk of HBsAg
carriage than the normal donor population (Barr et al,
1981), and therefore would be expected to have a higher
carriage of non-A, non-B viruses. At the lower cut-off
levels i.e. below 50 SF U/rnl, the difference between the two
groups was not significant (Table 4.2}.

Serological tests
To ascertain what proportion of donors with raised SGPT
levels were actually suffering from known viral infections
rather than NANB hepatitis, a battery of serological tests
was performed on samples from donations with SGPT levels
greater than 92 SF U/ml (Table 4.4).

Although 40 { 80.0%)

of 50 tested for anti-HAV were positive, none of these 40
were positive for IgM anti-HAV. Anti-HBc testing revealed
18 (35.3%) positive results out of 51 tested (representing
16(34.0%) out of 47 individuals). By comparison around
onf.y 1-2% of the normal Wof Scotland donor population have
anti-HBc (Follett et al, 1980; Barr et al, 1981). Assuming
the anti-HBc data on prison and non-prison donor1 cited in
Barr et al ( 1981) and comparing them to the anti-Hl3c data in
this study it was found that anti-HBc had a significantly
greater prevalence in those with raised SGPT levels
2
(X =69 .6, ldf, p<O .001). Two of 18 anti-HBc positives had
detectable
IgM
anti-HBc
by
Corzyme-M
(Abbott
Laboratories). Anti-HBs was detected in 17(36.2%) of 47
donations. All but one
the 17 had co-existing anti-HBc
and the majority of anti-HBs re~ults were weak (below

of

O.Oliu/ml).

Anti-CMV was detected in 22(44.0%)

of 50

donations .tested and I gM or IgA anti-CMV was dete.cted in 8

•.•
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Results of tests on donations with SGPT >92 SF U/ml

Serological
Test

Anti-HAV
IgM anti-HAV
Anti-HBC
From individuals
IgM anti-HBc
Anti-HBs
Anti-CMV
IgM/IgA anti-CMV

Number

Number

Tested

Positive

50

40 (80.0%}

40

0

51

18 (35.3%)

47
18

16 {34.0%)

47

17 (36.2%)

50

22 (44.0%)
8 {38.1%)

21

2

(11.1%)

Monotest
IgM anti-EBV

49

1 (IgM anti-CMV pos)
0

IEOP test

46

2 (4.3%)

52

·-~
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( 1 only positive for IgA) of 21 anti-CMV positive donations
by

protein A RIA and confirmed by

immunofluorescence

(kindly performed by Regional Virus Laboratory or Dr B
Cuthbertsonr PFC).

Monotest screening for possible EBV

infection proved negative in 51 donations but one donation
with IgM anti-CMV was monotest positive and IgM anti-EBV
negative.
samples.

IgM

anti-EBV

tests

proved

negative

on

The IEOP test detected 2 (4.3%) antibodies.

49
By

means of corn par is on on testing 7 51 normal donor samples by
IEOP only 1(0.13%) was shown to be positive.

One (JK) of

the IEOP test positives was found to have I9M anti-CMV
indicating a current or recent CMV infection, whilst the
other {JH), the only female donor with an elevated SGPT
level, had a prior history of hepatitis (See Later) •

One

donation was found to be VDRL positive on screening in the
blood grouping machine
negative.
the

but

confirmatory

tests

proved

Electron microscopy on donations did not reveal

presence

of

any

virus

or

virus-like

particles.

Therefore of the 54 donations with raised SGPT levels, 10
could be explained by recent CMV or HBV infections.
Evidence for chronically raised SGPT levels in blood donors
As it is known that NANB hepatitis has a high tendency to
pr9duce chronic ALT elevations, samples were also tested
from earlier and later donations obtained f rorn the donors
with elevated SGPT levels (>92 SF U/ml).

Table 4"~;5a shows

the results of SGPT testing these other donations.

Three

samples were available from earlier donations; one was
completely normal (BA) whilst the other two {AML and BP)
were slightly elevated although below the cut-off level.
It should be remembered that SGPT/ALT levels diminish
slowly on-storage so tha-t if these donations were tested
fresh higher results would have been obtained.

Twenty-one

samples from 13 donors later donations were available.
Nine donors later donations had normal or nearly normal
SGPT levels,

3 remained elevated

(although one donors

:;

Table 4 .. 5a

SGPT results on earlier and later donations of donors wi tb elevated

SGPT levels (>92 SF U/ml)

Donor

Previous

Original

Later 1

SG
GMD
GMF
DW

NA
None
NA
NA

135
>125
92
225

175
103
109
>125

37
8

BA

0
55
72

>125
255
>125

34

21

AML
BP
JBr

AG
JH

MH

PH
RH
CMA
DR
JWh

NA
NA
CoxB4(HRL)
None
NA
NA
NA ......
None
NA
None
.,...~

107
110
220

21
NA

103
235
100
92
200
>125

0
28
65
3
41
21

NA=Not available for test;

9

DA=Drug abuser;

2

3

4

Comments

IgM anti-CMV
IgM anti-HBc DA

12

44

7

70

6

HBsAg(HRL) DA
Female{HJ)

DA

IgM anti-HBc DA

HJ=History of jaundice

r

~

0
0

......
(...)
~

1\J
0

LIT.001.3421

89

following donation had a normal SGPT level), whilst one
donor (SG) donated 6 weeks after his original donation (at a
different prison session) and still had an elevated SGPT
level, but a

l~ter

donation from this individual was nearly

normalo Overall 77% of those with high SGPT levels had
normal levels at the next donation (minimum normal time
between donations is 3 months). Of greater interest is the
fact that 3 ( 23%) of the donors appeared to have chronically
elevated SGPT levels as judged by their next donation~ One
donor {DW) was still elevated 2 years after his original IgM
anti-HBc positive donation (the later donation was
negative for IgM anti-HBc) o One of the other 2 donors with
apparent chronic SGPT elevations was shown to be IgM antiCMV positive on his first raised SGPT donation (the later
donation was IgM anti-CMV negative).
A scan of the records at the HRL revealed that 15 of the
prison donors with high SGPT levels were all known drug
abusers.

Two of them were of particular interest.

JK

donated in prison in July 1983 and was found to have an
eleva.ted SGPT level, anti-HBc(IgG) and IgM anti-CMV
indicating a current or recent CMV infection. From the HRL
records he was known to be HBsAg positive from November 1982
to January 1983 and became HBsAg negative in February 1983.
A further HRL sample in 1984 again has shown an e+evated
SGPT level. The other donor (AG) also donated in p~·ison in
early 1982 and was found to have an elevated SGPT level;
unfortunately no serum was available for further studies.
In September 1982 the HRL found him HBsAg positive and by
December he was negative. A further HRL sample in 1983
showed he had continued SGPT elevation, anti-HBc and antiHBs. Although his computer record showed that., he donated
again
1984 this donation.was cancelled.: .Further

in

information on the other drug abusers showed that 6 of them
had continued SGPT upsets (Table 4.5b).

Of the 8 drug

abusers with continued SGPT upsets, 4 are known to have had

Table 4 .. 5b
Donor

SGPT results on HRL sam~ies from donors found to have elevated SGPT levels (>92 SF U/ml)

Donation

HRL Samples
1

EB
AG
JK
MK
DM
JP

DR
DW

JBU
GC
JP
PG

PH
JWi

2

160
110
304" .
>125
>125
>125
200*/41
2.25*/ />125

24 I
HBsAg/
105//
HBsAgpd/ >125
112pd
//92
>125(PVB)
>125
34
86 I

105
>125
145
412
235/28
190

90pd
/79 I
/47
/43
/23
/90

3

4

> 125

all

Comments
5

c

6
)11

7

I 71

10

Developed anti-HBc

>125/

1

28

pd=prior to donation
/=following year
"=IgM anti-CMV
*=IgM anti-HBc
PVB=post hepatitis B infection
r

~

0

0
......
(...)
~

1\J
1\J
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specimens (either as donations or at HRL) with SGPT levels
below 92 SF U/ml. Three of these 4 individuals had normal
SGPT levels between specimens with raised SGPT levels
suggesting either two separate infections as in the case of
DR and DW (HBV followed by NANB) or fluctuating SGPT levels
in a chronic NANB infection.
If the 16 donations from the 15 known drug abusers are
excluded from the study the most marked effect is on the
anti-HBc data.

Only 6 donations from 5 anti-HBc positive

individuals would remain i.e. 68% of those found to have
anti-HBc were known drug abusers.

Also if the known drug

abusers are excluded in the follow-up studies only 2 (GMD
and GMF) out of 7 donors had apparent chronically elevated
SGPT levels.

HISTORY OF JAUNDICE
Blood Donors
A history of jaundice is obtained in 2. 8% of blood donors in
the West of Scotland (Crawford et al, 1979; Follett et al,
1980). Samples were collected from 470 blood donors who
indicated at the time of donation that they had a history of
prior jaundice •. Any donor with a history of jaundice at
under 3 years of age was excluded. Assays for HAV and HBV
markers showed that 420(89.4%) had evidence of anti-HAV,
whilst 21(4.5%) were anti-HBc and/or anti-HBs positive,
leaving 47 ( 10%) with no evidence of either HAV or HBV
infection
(Table
4.6). Anti-HBs
results
below
0 .Oliu/ml ( lOIU/L} were ignored unless accompanied by antiHBc. Examination of the 47 sera found to be negative for
both HAV and HBV markers "f. or anti-CMV · revealed 17 { 36%}
positive which is less than the 55% found in the normal
donor population. All 470 donors were also examined for
SGPT levels (Tables 4.2 and 4. 3) - a further 14 donors were
also included but all had normal levels (<35 SF U/rnl).

Table 4 .. 6
markers

Results of testing blood donors with a history of jaundice for HAV and HBV

Age at
Jaundice

Number
Tested

A/HAV

A/BBC
Alone

A/HBs
Alone

12 and under

285

276
{ 96 . 8%)

2

6

83
(79.8%}

0

1

3

21
{20.2%)

0

0

5

11

13 to 20

104

21 to 30

61

48

Over 40
TOTAL

16
4
470

0

Neither HAV
nor HBV
Antibodies
9

{3.1%)

(78~6%)

31 to 40

A/BBC
+A/HBs

(18.0%)

9
(56.2%)

1

4
(100%)

0

0

0

420
(89.4%)

3

7

11

0

3

6

{37.5%)
0
47
(10.0%)

r

~

0

0
......
(...)
~

1\J

~
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Only one donor was found to have an elevated SGPT level {>92
SF 0/ml) ~ This donor {JH) was a 26 year old female who had a
history of jaundice in 1973 at the age of 17.

In 19 81 she

had heart problems and a recent coxsackie B4 infection was
diagnosed on serum received at the HRL.

Her blood donation

was negative for anti-HAV, anti-HBc, anti-HBs, anti-CMV
and was also monotest negative but positive for anti-EBV
{IgG) and in the IEOP test system.
neutralising antibody was

A 1:256 coxsackie B4

identified

in

the

donation

(kindly performed by Mr B McCartney, RVL) - although this
would not now be taken as evidence of recent infection it
would still be in accordance with an infection one year
previously.

Later

donations

from

this

donor

all had

normal SGPT levels.
As the year in which jaundice occur red was recorded on the
donor card

(K-form)

for

each

donor,

the results were

reanalysed according to the age at which the prior jaundice
occurred

(Table

The majority

4 .6).

of

donors

had

jaundice episode between the ages of 3 and 12 years.

a
Of

these 276(97%) had evidence of anti-HAV including 8 with
HBV markers, whilst 9 (3%) lacked both HAV and HBV markers.
The donors with a history of jaundice over 12 years of age
had different prevalence rates: 144(78%) had anti~HAV,
including 10 with HBV markers, a further 3 had HBV mar!kers
without anti -HAV, whilst 3 8 ( 20.5%) lacked both HAV and HBV
markers.
Examination of the ages of Clonors with no HAV nor HBV
markers

at

the

time

of

interesting (Figure 4.• 1) •

their

jaundice

episodes

was

There was a peak of such donors

in the 13 to 20 year age group.

The sera from the 21

individuals forming this peak were further examined for
anti-CMV and anti-EBV.

Anti-EBV was found in 18, whilst

anti-CMV was found in 7 but only one individual was found to
lack antibodies to all the 4 main hepatotropic viruses,
HAV, HBV, CMV and EBV.
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Jaundice History

donors

.._
Q)

.c

E
:J

z

<13

13-20

21-30

31-40

>40

Patients

....
Q)

.c

E
:J

z

<13

13-20

21-30

31-40

>40

Figure 4.1 Ages of jaundice history donors and history of
hepatitis patients with no HAV nor HBV markers at the time
of their jaundice episodes.
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The proportion of donors with a history of jaundice but with
no evidence of

prior HAV or HBV infections gradually

increased from none prior to 1950 to 33% of those who had
jaundice

episodes

from

1975

onwards

(Figure

4.2)~

Jaundice episodes which could not be explained by either
HAV or HBV did not occur earlier than 1954, whereas the
earliest jaundice episode explainable by HAV was 1928, and
HBV 1946 ~

Patients
The 1980 study of patients with a history of hepatitis or
jaundice (Dow, Follett and Mitchell, 1982) was continued to
include all such patients over a 3 year period, 1980 to 1982
inclusive. The number studied in each year was 511(1980),
419(1981) and 390(1982). Tests performed included antiHAV, anti-HBc, anti-HBs and anti-HBe. The last 234
samples were not tested for anti-HBe.
1133 ( 85.8%)
181 ( 13 • 7% )

specimens were found to contain an ti-HAV,
anti- HB c,

1 9 4 ( 14 • 7% )

anti-HB s

and 7 3 { 6 • 7 %)

anti~HBe.

Of the 187 specimens found negative for antiHAV, 54 had evidence of at least one HBV antibody marker,
leaving 133(10.0%) specimens with no HAV or HBV markers
(Tab! e 4. 7) •
In the 1980 study of patients with a history of jaundi'lce or

hepatitis, 35 samples found to be negative for HAV and HBV
markers were tested for the presence of anti-CMV and antiEBV (the latter test performed by Dr J H Inglis, Regional
Virus

Laboratory,

Edinburgh).

CMV

antibodies

were

present in 17(48.6%) and EBV antibodies in 31(88.6%), the
expected frequencies for the normal population. One of
the 4 patients negative for EBV antibodies was found to
possess anti-CMV, leaving 3 (2 males and 1 female) patients
aged 24, 34 and 46 out of the 1980 survey with no antibodies
against the 4 viruses yet these patients had histories of a
previous hepatitis episode at the ages of 21, 24 and 30
respectively.

40

30
Q)

Cl

ro

+"

cQ)

...
&
0

0-------.. . . . .
1928-45

~----:

1946-50

1951-5

1956-60

1961-5

1966-70

1971-5

1976-81

YEARS

Figure 4.2 Percentage

of Jaundice History donors found to lack HAV and HBV antibodies

according to the year in which they were

-''

jaundiced
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Table 4.7 Results of testing patients with
histories of prior jaundice or hepatitis for
HAV and HBV antibodies
Test

Number
Tested

Number
Positive

Anti-HAV
Anti-HBc

1320
1320

1133 ( 85" 8%}
181 (13.7%)

Anti-HBS

1320

194 (14.7%).

Anti-HBe

1086

No HAV or
HBV markers

1320

73 (6~7%)
133 (10.0%)

·)

.i
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Figure 4 .1 tabulates the ages of those patients with no HAV
nor HBV markers in the 1980-82 survey according to the time
of their jaundice. When compared with the donor data it
appeared that the patients had their unexplained jaundice
episodes a decade later than donors.

However it should be

remembered that blood donors tend to be quite young with
many in the 18 to 25 year age group (see Table

5~10)

and

therefore this would explain why the donor data would
suggest that possible NANB hepatitis peaked in the 13 to 20
year old age group, rather than the 20 to 30 year age group.
It should be noted that some request cards lacked the year
in which jaundice occurred and occassionally, the age of
patients were even omitted on the cards. The years in
which jaundice episodes occurred were like the donors after
1954 with one exception 1946 when a 50 year old male was
reported as having;i:'jaundice (at an age of 14).
As SGPT levels fall on lengthy storage the 1980-82 survey
did not include SGPT tests.

However from 1982 to 1984 619

samples from patients with a history of-hepatitis have been
SGPT and IEOP tested. SGPT elevations (>92 SF U/ml) were
found in 51, indicating possible chronic SGPT elevation.
IgM anti-HAV was found in 8 of the 51, indicating a current
or recent HAV infection.

Excluding these hepatitis A

specimens the IEOP test detected 15 other positives d:t=
which

8

had

raised

SGPT

levels

(Table

4. 8).

Investigations on these 8 showed 2 to have IgM anti-CMV, 1
with IgA anti-CMV, 1 with I gM anti-HBc, 1 with IgA anti-HBc
plus a 1:512 CF antibody to HSV, 1 with IgM anti-EBV, 1
Northern Ireland case of PTH and l other person with ~o
significant marke.rs of cur rent infection with a known
virus. Of the other IEOP positives. with normal SGPT
levels, 2 were strongly RF positive, 1 was found to have
Babesia antibodies (performed by Dr H Williams, Raigmore),
whilst

another

had

a

past

medical

history

hepatitis, leaving 3 others unaccounted.

of

NANB

Table 4.8 SGPT and IEOP results on 611 patients with a
history of prior hepatitis
Number
Tested
611

IEOP
Positive

SGPT
.>92
43

(7~0%)

and
IEOP Positive

SGPT >92
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DISCUSSION
SGPT/ALT testing

As there is currently no specific sensitive test for the
diagnosis of non-A, non-E infection, the use of SGPT or ALT
tests on donors has been proposed as an interim measure
until a specific test becomes available (Pindyck, 1982)a
It is well recognized that the ALT test is specific for
liver damage but it is not specific for non-A, non-E
hepatitis alone. ALT levels are usually raised in viral
hepatitis and can also be raised by the use of ethanol,
nearly
every
analgesicf
anti-inflammatory
drugs,
tranquilisers, anti-pyretics, sedatives, anti-hypertensives and oral hypoglycaemic or contraceptives as well
as by physical exertion (Gerety, 1983). Nevertheless the
studies by Aach et al (1981) and Alter et al (1981) have
- shown a close relationship between the risk of non-A, non-E
post-transfusion hepatitis (NANB PTH) and the donor serum
ALT(SGPT) value.
The majority ( 84%) of Wof Scotland blood donors with raised
SGPT levels were male and aged between 18 and 30 years
similar to that found by Kahn et al ( 1982) on ALT testing us
blood donors. Bollinger et al (1982a) also testing us
donors for ALT although finding males significantly more
than females, tended to find them between the ages of 30''ro
39 years. Sherman and Dodd (1981) reported that in the
USA, males between 25 and 3 5 years old were most likely to
have elevated ALT levels. Sherman and Dodd also found a
negative relationship between raised donor ALT levels
(greater than 45iu/L) and blood groups 0 Rhesus negative
and B Rhesus negative.. This was not confirmed in examining.
the west of Scotland blood donors with raised SGPT levels.
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In the USA, 1.6% of the donor population would be excluded
if the SGPT/ALT cut-off used was 2.25 standard deviations
above the mean log (Alter et al, 1981). Using a cut-off
point determined in this manner would exclude 1..4% of the
West of Scotland donor population but if prison donors are
ignored this figure would drop to 0. 7% (Tables 4.1 and 4.3).
This figure of 0. 7% would be almost acceptable if there were
shown to be known benefits especially in the reduction of
NANB PTHo

The majority of units with SGPT levels greater

than 92 SF U/ml were withdrawn from

the bank,

but 8

donations (all anti-HBc negative) were transfused with no
reported
ill
effect
in any
of
the
recipients.
Unfortunately this does not prove whether these units were
infectious nor whether
develop hepatitis.

the recipients did or did not

Anti-BBc is generally found in approximately 1 to 2% of west
of Scotland blood donors ( Follett et al, 1980; Barr et al,
1981).
greater

In this study, 35.3% of donations with SGPT levels
than

92

SF

U/ml

had

anti-HBc

(Table

4. 4},

confirming the increased frequency of HBV antibodies in
those with raised ALT levels found by Alter et al (1981) and
Kahn et al ( 1982) • As part of the T'IV study Stevens et al
(1981} examined 4721 donors for anti-HBc. Recipients of
units that were all anti-HBc negative had an incidence of
NANB hepatitis of 8.2% compared to 26.7% of
least

one

anti-HBc

positive

donation.

recipient~.

of at

Although

the

relationship between donor anti-BBc and the recipient risk
of NANB hepatitis was independent of donor ALT level, among
recipients whose donor units all had ALT levels less than
45iu/L, the incidence was threefold higher if any unit was
anti-HBc positive than if all units were anti-BBc negative.
Similarly, among recipients of units with ALT values
greater than 45iu/L, donor anti-HBc positivity increased
the risk threefold from 27.1% to 61.5%..

Using the data of

Stevens et al (1981) this would mean that 10 (61.5%) of
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those 16 anti-HBc positive donations (Table 4.4) would
produce hepatitis in recipients given this blooda
The

present

study

has

established

a

significant

relationship between a raised SGPT level and the presence
of anti-HBc in

w Scotland

blood donors.

Around one third

of those with raised SGPT levels were known to be drug
abusers (i.e. they did not admit being drug abusers at the
time of giving blood, but were found to be drug abusers when
specimens were received from them at the HRL). As the
anti-HBc prevalence is high in drug abusers (Chapter 6),
the association between anti-HBc and raised SGPT is not too
surprising. It must be assumed that this is a minimum
number of drug abusers as many more are known to exist in
prisons and many will not readily admit abuse. In a
Scottish newspaper {Sunday Post, 1984) it was reported that
Scotland's prisons are now the country's largest drug
treatment centres. In 1973 only 6 individuals were
diagnosed as being dependent on drugs on admission to
prison whereas in 1983 around 300 {6% of the prison
population) were drug abusers. These results have led to
the Scottish National Blood Transfusion Service refraining
from visiting prisons to obtain blood for transfusion
purposes ..
Not all raised SGPT levels are attributable to NANB age.nts.
}
Other studies of raised ALT levels in donors have failed to
prove recent viral hepatitis as a cause of the raised ALT
levels. Two studies (Mijovic, Patapiou and Barbara, 1983;
Hanson and Polesky, 1983) infer that the reason for raised
ALT levels was obesity or alcohol abuse rather than a viral
aetiology. In the study on West of Scotland donors a
specific viral aetiology was confirmed in 11 individuals
with raised SGPT levels {Table 4.4). Two donors were found
to have IgM anti-HBc indicating recent HBV infection,
another

donor was found to have a

high

neutralizing

,~
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antibody to coxsackie B4 8 whilst 8 donors were found to have
IgM (and/or IgA) anti-CMV indicating recent CMV infection.
Routine donor ALT testing

Although both the T'IV and NIH studies showed a relationship
between donor ALT level and NANB PTH, routine ALT testing of
donor blood has not been greatly supported in the United
States

unlike

benefits

of

West

Germany~

routine

donor

The
ALT

potential
screening

investigated by Hornbrook et al (1982).

economic
have

been

They calculated

that if donors are routinely tested and those above a cutoff level informed, the costs would be around an extra 3 to 4
dollars

per

donation.

To

calculate

the

benefits

to

recipients, loss of recipients' earnings was the main
factor in estimating that routine donor ALT screening would
produce a net benefit of between 89 cents and 32 dollars per
donation collected -

a wide

range due to the lack of

information about the natural history of NANB hepatitis.
If donor ALT elevations are more often associated with
cirrhosis in the recipients then the benefits of testing
are increased whereas no tangible benefits would accrue if
ALT testing affected only the incidence of asymptomatic or
resolving disease.
Despite

the

American Association of

Blood Banks and

American Red Cross ALT study groups advising against the
introduction of routine donor ALT testing, the Greab:h New
York Blood Programme (GNYBP)

instituted this policy in

January 1982, at an extra cost per unit of 2 dollars.
Donations with levels above 65iu/L were excluded (1.6% of
the donor population) and only donors with levels greater
than 165 iu/L (0.13% of the donor population) were advised
and requested not to donate ·again. From the study on west
of Scotland blood donors a total of 0.51% had levels in
excess of 92 SF U/ml but if prison donations are excluded
this falls to 0.08% for normal donors - a figure similar to

98

Pindyck (1982).

This also raises the issue of whether

donors with raised ALT levels be permanently deferred or
not. From the study on West of Scotland donors no
deferrals were made and donors were not informed of the
results.

Only

3

donors

with

subsequent

donations

continued to have elevated SG'PT levels suggesting that
raised levels are normally transient but a few,
particularly drug abusersr appear to be chronic (Table
4.5). This confirms the findings of Kahn et al (1982) who
found 40% of donors wi tb ALT levels >45iu/L remained
elevated after 6 monthso Hanson and Polesky (1983) also
found that 29% of donors with raised ALT levels had
continuing raised ALT levels at the subsequent donation.
This data would provide a strong argument against permanent
donor deferral as practised by the GNYBP, except in those
with apparent chronic elevations.
In this stuqy the 3
donors with apparent chronic elevations were no:t·all proven
to be NANB carriers. On the contrary 2 of the 3 were shown
to be suffering from known viral infections at their
original donations.
Conclusion
Whether routine donor ALT or SGPT screening should be
introduced in the west of Scotland is still debatable. The
cost of such screening would be extremely high and the
benefit appears to be minimal especially when only a few
cases of NANB PTH are reported each year.

As the GNYBP}are

continuing to routinely screen donors it is hoped that more
information will become available to either support or
contradict donor ALT screening.
Although the,-study on West of Scotland blood donors did
identify donors with elevated SGPT levels with evidence of
recent viral illnesses, there is no evidence to prove that
these units would have been detrimental to any recipient.
As the rnaj ori ty of units with elevated SGPT levels came from

!

:

;'''
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prison donors and many of them were from drug abusers it
seemed wise to discontinue prison sessions and thus
eliminate the major source of such units. However this
does not prevent previous prison donors from donating at
ordinary sessions, as one of the 4 donors with an elevated
SGPT level was such a person.
As SGPT/ALT testing has such a high false positive rate and
also a high false negative rate such testing should not be
introduced routinely.

On the other hand SGPT/ALT testing

;

·'

should be essential in the investigation of any suspected
PTH case.
HISTORY OF JAUNDICE

Blood donors
More

than

20

years

ago

the

United

States

excluded

individuals with a history of viral hepatitis from donating
blood to minimize the risk of PTH. Although a history of
prior jaundice was not a specific cause for exclusion it was
regarded as a natural extension of exclusion on the basis of
a history of hepatitiso

In the UK, similar regulations

were in force until 1975 when they were relaxed to allow
individuals with a history of jaundice at least one year
previously to donate provided that their blood was HBsAg
negative by a third generation test.
Two studies (Renton, Roach and Stratton, 197 8 ;Tabor et al,
~

1981) found a higher prevalence of HBV markers in history of

jaundice donors compared to normal donors.

This prompted

two studies .in the west of Scotland (Crawford et al, 197 9;
Follett et al, 1980) which found an increased prevalence of
anti-HAV in donors with a hi s·to ry of jaundice when compared
with normal donors, but not an increased prevalence of HBV
markers.

. :

'

lOO

The present study on west of Scotland history of jaundice
blood donors was designed to examine whether the age at time
of jaundice had any influence on the viral markers found,
whether there were any with SGPT upsets indicating the
possibility of chronic NANB hepatitis, and if there were
any donors with a history of jaundice who had no evidence of
prior viral infection.
Hepatitis A antibodies were found in 96.8% of those whose
jaundice occurred before the age of 13 compared to 7 8% of
those whose jaundice occurred after that age (Table 4 .6),
suggesting that hepatitis A was the most probable cause of
the jaundice episode in those donors, whose jaundice
occurred before the age of 13. However in those donors
whose jaundice occurred after the age of 13 there was a
marked increase in those lacking both HAV and HBV markers
suggesting that hepatitis not due,:t;o hepatitis A orB mostly
occurs in individuals in early adulthood. However it is
possible that obstructive jaundice, alcohol or even drug
abuse may account for some of the individuals whose
jaundice occurred over the age of 20. On the other hand it
should be noted that around 6 0% of normal donors without a
history of previous jaundice have anti-HAV so that some of
those with a history of jaundice and wi tb anti-HAV may have
had an anicteric HAV infection and actually had a jaundice
of unknown cause.

\

!

Examination of history of jaundice donor SGPT levels (Table
4.2 and 4 .3) revealed only one donor with an elevated level
(greater than 92 SF U/ml). This donor however was found to
have a high neutralising antibody to coxsac~ie B4 at the
time of donation and 1 year previously was known to have had
a coxsackie B4 infection which caused some cardiac
problems.

Further

specimens from

this

donor

all had

normal SGPT levels. Apart from this one exception no donor
showed chronic SGPT elevations suggesting the carriage of
non-A, non-B hepatitis.
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As expected HBV antibodies, in particular both anti-HBs and
anti-HBc,

were found in individuals whose history of

jaundice occurred after the age of 12.

Although in total

4.5% were anti-HBc and/or anti-HBs positive only 2.3% had

both antibody markers (similar to that found in earlier
studies (Crawford et al, 1979, Follett et al, 1980))

o

The

ages at which jaundice occurred peaked in the 13 to 20 years
age group (Figure 4 .1) suggesting that CMV or EBV may have
been responsible.

Indeed further

examination of

this

group showed that only one donor lacked antibodies to
either CMV or EBV, as well as HAV and HBV.

It is of

interest that EBV and CMV can cause hepatitis. Jaundice
was found to be the major presenting symptom in 4% of
notified CMV and 5% of EBV infections reported to the COS in
1980 and 1981.
Also EBV is most common in adolescents or
young

adults.

All

the

donors

lacking

HAV

and

HBV

antibodies were examined for the presence of anti-CMV but
only 36% were positive, indicating that CMV is not a major
cause of jaundice or hepatitis in this group.

Patients
The study on patients revealed a higher prevalence of HBV
markers ( 17.0%) but similar prevalence of anti-HAV ( 85.8%)
and those with neither HAV or HBVmarkers (10%) to that seen
in West of Scotland donors.
In those found to be negative for both HAV and HBV markers,
the age at time of jaundice appeared to peak in the 21 to 30
years age group (Figure 4 .. 1) suggesting the possibility of
CMV or EBV infection.

CMV and EBV antibodies were examined

in 35 samples with no HAV or HBV markers, with . . 3 patients
being totally negative for both markers- all 3 had jaundice
episodes between the ages of 20 and 30.
Although figure 4.1 shows that patients with no markers of
HAV or HBV infection tended to have their jaundice episodes
a decade later than donors it is possible that some of these
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patients jaundice episodes may have been due to the effects
of drug abuse. Episodes of jaundice are common in drug
abuserso Some may be of viral origin whilst many are a
result of the drugs and the associated diluents effects on
liver function.

It would be expected that an unknown

percentage of the population who may have been drug abusers
in the past would admit a history of jaundice but not a
history of drug abuse.
Many more patients with a history of hepatitis had SGPT
elevations compared to donors with such a history.
However when IgM anti-HAV, anti-HBc, anti-CMV, anti-EBV
and IgA anti-HBc and anti-CMV tests were performed 14 of the
51 with SGPT elevations could be accounted for by recent
viral illness and the vast majority of the others with
raised SGPT levels had a history of recent jaundice {under
one year) • The .rEOP test system although detecting 15
positives in addition to those found I gM anti-HAV positive
accounted for 6 as having recent viral infections (HBV, CMV
and EBV),. 2 strongly reactive RF positives,. 1 positive for
Babesia antibodies, leaving 6 possibly caused by NANB
hepatitis.
Conclusion
From these studies it can be seen that the vast majority of
individuals admitting a history of jaundice probabJ-y had a
'•jaundice episode due to HAV with a few due to HBV ana' around
10% due to neither of these viruses. SGPT tests on donors
showed only one donor with such a history to have a raised
SGPT level suggesting that if NANB hepatitis exists
chronicity does not appear to be a problem, contrary to
other reports (see Chapter 2). ,It is most ii kely that EBV,
and to a lesser extent CMV, may have caused some jaundice
episodes in those whose jaundice occurred in their teens or
early 20s. Nevertheless a small percentage of individuals
remember having had a jaundice episode and yet are negative
for the markers of the 4 main hepatotropic viruses.
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CHAPTER 5
TRANSFUSION-ASSOCIATED NANB HEPATITIS
INTRODUCTION

When routine HBsAg screening of blood donors was introduced
it was anticipated that there would be a marked reduction in
the

incidence

of

post-transfusion

hepatitis

(PTH)~

Although some reduction did occur PTH still occurred and
PTH remains a relatively rare put significant hazard of
blood transfusion.
requires

reports

The Blood Transfusion Service (BTS)
of

following transfusion.
then

intensively

any

jaundice/hepatitis

episode

The recipient and donor(s)

investigated

for

any

evidence

are
of

transmission of infection. As the date of transfusion{s)
is known, such cases can give accurate data on incubation
period,

information unavailable from any other source.

Accordingly the BTS file of PTH cases was examined from 1977
to 1985, cases caused by HBV excluded and the remainder,
presumptively NANB,
transmissable agent.

examined

for

evidence

of

any

Haemophiliacs are particularly at risk from PTH as all may
require transfusion with clotting factors (Factors VII I or
IX)

and many with severe haemophilia

transfusions of Factor VIII.

receive '~\regular

Preparations of Factor VI I I

are now supplied by the SNBTS, the material being extracted
from plasma pooled from around 1000 to 2500 blood donors.
If

such

a

product

is

implicated

in

any

incident of

transmission of infection it is theoretically possible but
in practice impossible to check every donor for evidence of
even HBV infection.

Where a NANB case might be attributed

to a Factor VIII transfusion the task of checking out all
contributing donors for known agents causing hepatitis as
well as seeking unknown agents is totally impossible.
What can be achieved from a study of NANB hepatitis in
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haemophiliacs however is an inElication of the prevalence of
NANB in the donor population.
Factor VIII preparations were

Many early commercial
contaminated by HBsAg

(Cameron, 1982) and presumably HBV as they transmitted HBV
infection thus
concentrated

demonstrating not only that virus was
in

this

particular

fraction

by

the

purification procedure but also that it was not inactivated
by the

process~

Any NANB agent would be expected to be

concentrated in a similar position and likewise remain
infectious.

Since 1981 adult haemophiliacs in W. Scotland

have received SNBTS Factor VIII exclusively.
made of

these patients

A study was

to identify any cases of NANB

infection and thus give some indication of the prevalence
of NANB infection in the donor population.
After the outbreak of HBV infection in a renal unit in
Edinburgh in 1970, the use of blood in renal units was
dramatically reduced in an effort to prevent introduction
of HBV into a unit.

This policy continued throughout the

1970s but in recent years there has been some relaxation of
this policy with the observation that adminstration of HLA
incompatible blood to a patient before renal transplant
seemed to have a beneficial ef feet on the eventual outcome
of the transplant.
are now

Consequently many renal unit patients

receiving transfusions.

As such patients are

regularly monitored for HBsAg (monthly} and are seen by
medical/nursing staff at least 3 times per week,

it~as

considered that any sign of infection in such patients
would be observed and investigated.

At the time of writing

no NANB PTH case in a renal dialysis unit (RDU} patient has
been reported to the BTS"

As a check of any possible mild

sub-clinical infection in such patients, SGPT levels in
patients from three Glasgow units were studied over a 15
month period and any specimens investigated whi eh were sent
to the RVL outwith the regular monthly HBsAg monitoring.
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RESULTS
PTH-NANB
BTS Notified cases
General
A total of only 23 cases of

P~H~NANB

have been notified to

BTS Law since 1977 (Table Sol) -one case each in the years
1977 to 1979, three in 1980" five in 1981, three in 1982 and
1983, two in 1984, and four to date in 1985.

All cases have

clear evidence of clinical and/or biochemical hepatitis
and are not merely slight biochemical changes elevated to
the status of

NANB

hepatitis because the patient was

transfused at an appropriate time in the past.
The incubation periods from the time of transfusion to
onset of symptoms varied from 11 days to 6 months, but 14
cases had incubation periods between 4 and 12 weeks (Figure
5.1}.

Some patients have received multiple transfusions

over a period of months and it is thus impossible to be
certain of the incubation period and these have

been

omitted from figure 5.1. The distribution is such as to
suggest a common agent with an incubation period averaging
7

weeks,

slightly

longer

or

shorter

periods

being

attributable to dose and/or immune response of the patienL
Haemophiliacs
A total of 6 cases were in haemophiliacs, and 5 of these had
received large pool concentrates thereby making donor
investigation

impossible.

The

other

case

(Xl2/80)

involved a haemophiliac who became jaundiced 11 days after
a 2 unit transfusion.

IEOP antibody was detected in the

patient but no evidence of acute HBV or CMV infection was
found in the patient nor in the donors implicated.
Three cases of NANB hepatitis (X3/8l) were associated with
the use of a particular batch of commercial Factor VIII
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Table 5.1

case

Reported

cases of

Patients
Age

Sex

NANB Pm

Incubation
Period

Symptoms

OJmn~u.ts

other

(weeks)

X3/77
X6/78
X3/79
X3/00
X12/80
Xl3/00
X2/Sl

49
31

X3/8l

79
36
39
49

M

10
8
7
7
1.5
7
8-22

Hepatitis
Jaundice
Hepatitis
Hepatitis
Jaundice
Jaundice
Hepatitis

26

F

9-12

Jaundice

X3/Sl

72

M

6-9

Jaundice

X3/8l
X6/8l

22
71

M

4-5
17

Jaundice
Jaillldice

F
M

F
M
M

F

M

ALT.UO, AST16
ALTISOO, AST3500
Pr435;0T330
Post-transplant
renal p;ttient
Acquired EVIii
inhibitor
AcqUired EVIII
inhibitor
.
'
.

Mild Iia~rn¥ia
?Stiibbesfroi~
. iriducie'd ;:, -~ :..
•'

XB/82
Xl0/82
Xl3/82

33
44
62

X4/83
XS/83
X6/83

18
25
72

X7/84

47
72
32
55
33
24

Xll/84
XS/85
XB/85
Xl0/85
Xl4/85

F

F
F
F

F

4
9
17-26

Jaundice
Jaundice
Jaundice

7-12
8-9

Jaundice
Jaundice
Jaundice

F

13

M

6-7

F

11

F

7

M

6

F

6

M

?

Hepatitis
Jaundice
Hepatitis
Jaundice
Jaundice
Hepatitis

_·;'

;_

:.-·

Post

..

car(ij.ac surgery
Lynq;hana probably
obstrtiCt.iv·e . ?drugs
ALT3 85, AST105
·--~~

l

Fatal ?Paracetamolinduced
Haanortliliac

AL'ni66,AST412

Haanor:hiliac

Sane incubation periods have ranges because multiple transfusions were given
ooer a period of time.

Figure 5.1 Incubation periods of cases of NANB PTH
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concentrate.

All 3 patients were negative for anti-HBc

and incubation periods varied from 4-5 weeks, 6-9 weeks and
9-12 weeks after the administration of the suspected
producL

The

individual

with

the

longest

incubation

period subsequently developed hepatitis B three months
after the episode of NANB hepatitis,

but the other two

individuals have remained anti-HBc and HBsAg negative.
A further case involving large pool concentrates was in a

patient suffering from Christmas disease (X7/84).

This

patient had received HB vaccine shortly before the time of
jaundice and Factor IX concentrate 6-7 weeks previously.
The patient was anti-HBc positive but negative for IgM
anti-HBc indicating a previous exposure to HBV prior to the
administration of vaccine.
The most recent NANB PTH case (Xl4/85) was in a haemophiliac
reported as having received only heat treated SNBTS Factor
VIII.

This heat treated product was introduced in late

1984 (Ludlam et al, 1985) after it had been shown that
heating lyophilised Factor VIII to 60°c for 72 hours was
effective in reducing HTLV-III infectivity in concentrates
(Rouzioux et al, 1985)

o

Drug Therapy
Three of the patients reported as having NANB-PTH may haV~e
developed hepatitis as a side effect of drug therapy (Table
5.1) •

X6/8l

was

a

Ectoposide

patient

and

paracetamol.

X6/83,

Two

of

on

stilboestrol,

the
these

only
cases

fatal

Xl3/82

was

on

case,

was

on

{Xl3/82

and

X6/83)

involved the only two donors with previous histories of
jaundice.

The fatal case (X6/ 83) was unusual as the woman

died within a day of admission to hospital.

No evidence of

HBV, CMV, HAV nor EBV infection was found in her serum and
the IEOP test was negative although the SGPT levels were in
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excess of 625 SF U/mL

A post-mortem revealed toxic damage

to the liver, suggesting the jaundice was due to the effects
of paracetamol rather than the blood transfusions.
Bradleyp Walt and Morris (1984b) have cited another case of
paracetamol poisoning which presented as NANB hepatitis.

Implica.te.d Donors of BTS Notified cases

a) Elevated SGPT levels
All archive samples from implicated donors for the 10 cases
from late 1982 to date were available (apart from those
involving Factor VIII or IX concentrates) and none showed
raised SGPT levels. Where archive samples were not
available there was no evidence in subsequent donations of
any donor with chronic SGPT elevations, although two donors
(one involved in X6/78, the other with X2/81) had raised
SGPT levels (>92 SF U/ml) at their subsequent donations but

later donations had normal SGPT levels (Table 5.2).

b)

HBV markers

Where all archive samples were available from implicated
donations in a NANB PTH case, all samples were tested for
any

evidence

of

prior

HBV

exposure.

Three

cases

in

particular were shown to be associated with donations with
HBV markers.
Xl0/82 was a NANB case reported from Inverness in a pc;.tient
who had cardiac surgery in Glasgow 2 months previousl~ when
7 units we re used.

Table 5. 3 depicts the results of anti-

HBc, anti-HBs and anti-CMV tests in the patients and donors
involved.

Donor 1 was tested for the presence of IgM anti-

HBc with negative results.

The patient appeared to have a

transient weak anti-HBs which was passively acquired and
probably has no relation to the development of jaundice.
X8/82 was a NANB case in a patient who had been transfused 3
units of blood l month previously.
results of

tests for

anti -HBc,

Table 5.4 shows the

anti -CMV and monotest.
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Table 5 .. 2
cases

Results of investigations on reported NANB PTH

Case

Patient Sample Results
IEOP
A/BBC
A/CMV

Donors
Involved

X3/77
X6/78
X3/79
X3/80
Xl2/80
Xl3/80
X2/81
X3/81
X3/81
X3/81
X6/81
X8/82
Xl0/82
Xl3/82
X4/83
XS/83
X6/83
X7/84
Xll/84
XS/85
X8/85
Xl0/85
Xl4/85

Ag

NEG

2

+G

2
4

Ag
Ag

NEG

NEG
NEG
NEG
NEG
NEG
NEG

NEG
NEG
+G
NEG
NEG
NEG
NEG
NEG
NEG
+G
NEG
NEG
NEG
NEG
NEG
+G

+G
NEG
+G
NEG
MMMM+G
MMNEG
NEG
NEG
+G

Ab

NEG

+G

2

NEG
NEG
NEG
NEG

NEG
NEG
+G
NEG

NEG
M+G

4

Ab
NEG

Ab

Ag
Ag
Ag
Ag
Ab

M-

Comments

SGPT

4

2
1

H

6

SGPT
H HepB
H

FVIII
FVIII
FVIII
2
3
7
8
5

H

D
B
B

HJ

D

2

4
DEFIX

Fatal HJ D
H
B
\\

4

3
FVIII

~

H

B=donor with HBV markers; D=probable cause drugs;
H=haemophiliac; SGPT=donor with raiseq SGPT (>92) involved;
HJ=History of jaundice donor involved;
HepB=Developed HBV later;
Ag=Antigen; Ab=Antibody
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Table 5 .. 3 serological investigation of NANB PTH case
Xl0/82

Specimen

SGPT

A/HBC

A/HBs

A/CMV

Patient (acute)
Patient (conv)
Donor 1
Donors 2-3
Donors 4-7

>125
normal
normal
normal
normal

NEG
NEG
+G
NEG
NEG

+
NEG
+
NEG
NEG

MM+
+
NEG
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This patient was extremely unusual as IgM anti-HBc results
were just below the cut-off level, protein-A anti-CMV RIA
tests were positive but could not be confirmed by
immunofluorescence and mono test was positive but I gM antiEBV was not detected.

One of the implicated donors had

anti-HBc (IgM anti-HBc negative) with accompanying antiHBs, whilst another implicated donor was monotest positive
but as with the patient IgM anti-EBV was not detected.
of the donors had

anti-CMV~

TWo

Sera from the patient was

given a full viral screen with no significant titres.
X5/85 was a NANB case reported from Ayrshire in a woman who
also had a risk of occupational exposure. This woman had
been transfused with 4 units 7 weeks prior to onset of
hepatitis. One of the 4 unitsinvolvedwas from a donor who
was shown to have a weak anti-HBc but a strong anti-HBs.
The anti-HBc was of IgG class and the previous 2 donations
from this donor also produced the same HBV marker results.

NANB IN HAEMOPHILIACS
A total of 457 specimens from 208 haemophiliacs were tested
in the period 1982-84.
tests

performed.

72

Table 5.5 shows the results of SGPT
samples from

levels in excess of 92 SF U/ml.

49

individuals had

Of these 49 patients 34 had

only one sample with an elevated SGPT level (Tabl~l 5.6), 10
individuals had two samples with elevated SGPT values, 4
with three samples and one individual (TH) had six elevated
SGPT samples over the 2 year period.
Anti-HBc and anti-CMV tests performed on the haemophiliac
specimens showed that there was little difference in the
prevalence of these antibodies in those with SGPT
elevations compared to the total

(Table 5. 7 and 5o 8) •

However an a<X.Iuisi tion rate of 2%pa for anti-HBc is evident
in the first 30 years of life.

The acquisition of anti-CMV

also appears to be around 2%pa up to the age of 45 (which is
similar to blood donors (Table 5.10)).

Table 5.5 Results of SGPT and IEOP tests on possible transfusion
associated patients
SGPT
Elevated

SGPT Elevated
and IEOP Pos

6

72

1

193

2

27

1

195

20

1

0

category

Number
Tested

Haemophiliacs
Renal Unit
IV Ig recipients

457

IEOP
POS

r

~

0

0
......
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Table

5.6

Breakdown

of

haemophiliacs

with

elevated SGPT levels (>92 SF U/ml)
Number of samples elevated
Haemophiliacs

1

2

3

>3

34

10

4

1
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Table 5 .. 7 Tests for anti-HBc
according to age and SGPT level
Age
(Years)

0-10
11-20
21-30
31-40
41-50
51-60
>60
Unknown

Total

Number
Tested

20
163

54%

8
9

haemophiliacs

Anti-HBc Tests
Elevated SGPT
Number
+.
+
Tested
20%
40%
67%
76%
72%
62%
67%
35%

20
30
30
21
25

in

3

14%
44%
85%
57%
82%
100%
33%
66%

48

58%

7
9

7
7
11
1
1
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Table 5 .. 8 Tests for anti-CMV
according-to age and SGPT level
Age
{Years)

Number
Tested

in

haemophiliacs

Anti-CMV Tests
Elevated SGPT
+
Number
+
Tested

0-10

28

14%

7

14%

11-20

33

6%

10

10%

21-30

35

31%

7

14%

31-40

22

41%

7

42%

41-50

24

75%

9

66%

51-60

8

75%

1

0%

>60

10

90%

3

66%

Unknown

26

50%

3

66%

186

39%

. 47

34%

Total
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Four haemophiliacs are of particular interest.
Six samples were recieved from DB.

'I'Wo samples showed SGPT

elevations in early l983r followed by two with normal SGPT
levels, and then a further two 9 the first elevated and the
last normal.

All samples contained e high ti ter anti-HBs

and we re anti -CMV

posit i ver

but anti -HBc results we re

either weakly positive or negative throughout.

This is

the only example of a haemophiliac exhibiting di ph a sic SG PT
disturbances.
TH has had 6 samples from 1982-84 all with raised SGPT
levels.
HBs,

This individual has remained negative for anti-

anti-HBc and anti-CMV.

AH was found to have I gM anti-HBc whilst HBsAg negative in
early 1981 and still had a raised SGPT level in late 1983.
CW was found to have 3 samples with normal SG PT levels and
then had a SGPT elevation in 1984 which was found to be IgM
anti-CMV positive.

A 1983 sample however had been shown to

be anti-CMV positive.

In 1985 CMV was still being isolated

from his urine.
All the haemophiliac specimens were tested in the IEOP test
system for

the presence of. antibody.

Only 6

posi~ive
)

samples we re found out of 4 57 tested (i.e. 5 individuals out
of 208 tested).

Four of the individuals had SGPT levels

below 92 SF U/ml and all four had both anti-HBc (IgG)
anti-CMV.

Two

were

also

RF

positive.

The

and
other

individual was an 8 year old haemophiliac with raised SGPT
level (>125) but tests for anti-HBc,
CMV, anti-EBV,

IgM anti-HAV, anti-

RF and monotest all proved negative.

HB

Vaccine has since been given and further specimens in 1984
have been IEOP negative with normal SGPT levels and antiREs positive.
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NAND IN RENAL DIALYSIS UNIT PATIENTS AND STAFF

over a period of 16 months {April 1983 to July 1984) 2116
samples from three Glasgow renal dialysis units ( RDU) were
routinely SGPT tested.

Only 14 samples from 8 patients had

grossly elevated SGPT levels (>92 SF U/ml)

{Table 5 .9).

None of 287 specimens from 156 staff, nor 49 samples from
patients relatives had SGPT levels in excess of 92 SF U/ml.
Of the 14 samples with raised SGPT levels, 7 were from a
patient (AB) who developed hepatitis B.
somewhat

unusual

This patient was

as SGPT levels were elevated at the

initial finding of weak HBsAg (and also IEOP positive).
SGPT levels then returned to normal and IEOP reactivity was
lost.

Almost 3 months later approximately 1 month after

the appearance of HBeAg and around the time of anti-HBc
development the SGPT levels were again raised and IEOP
reactivity returned (Figure 5.2).

The patient lost HBsAg

around 1 year after the initial HBsAg finding but has failed
to produce any anti-HBs.

Raised SGPT levels have again

been noted in the patient 6 months after the loss of HBsAg.
Although the patient was previously known to have anti-CMV,
protein-A anti-CMV RIA tests on the initial raised SGPT
samples suggested the possibility of IgM anti-CMV but this
has not been confirmed by immunofluorescence tests or the
EL ISA test.
'\

}

Of the other 7 patients exhibiting SGPT elevations, all
were relatively mild(<l25) and transient.

One patient

( EMci) was shown to have I gM anti-CMV by immunofluorescence
even although she was known to be anti-CMV positive 9 months
previously suggesting a CMV reactivation or reinfection.
Two

other

CMV

infections

were

first

noted

as

seroconversions in the anti-CMV RIA test and both were
confirmed by IgM anti-CMV immunofluorescence testing- one
was a patient (OK) whilst the other was a staff member {LA).
Both

had

normal

involvement.

SGPT

levels

indicating

little

liver
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Table 5 .. 9

SGPT results on Renal Dialysis Unit specimens

Category

Number
Tested

Patients

1780

Number
of Indivi duals
215

Number with
SGPT Levels.
>92 SF U/ml
14 from 8

individuals
Staff
Relatives
Total

287

156

0

49

49

0

2116

420
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Four other cases of CMV infection in renal units were noted
prior to April 1983. The first appeared in 1980 and was
associated with a marked jaundice (SGPT levels >625} in a
patient

(CL)

on home dialysis.

The IEOP test system

consistently detected antibody at the time of jaundice in
this patient (Dow et al, 1981)

o

CF tests for anti-CMV had

titres of 1:32 or 1:64 (below the significant level) but IgM
anti-CMV was found by immunofluorescence when this test
became availableo

The other CMV cases were not associated

with IEOP reactivity..

Two were markedly jaundiced ( JM and

JA) and had been shown to have pre-existing anti-CMV.
Another case (IS) had only mild SGPT elevations (<92) and
was also shown to have pre-existing anti-CMV.
As CMV appeared to be a common infection in RDU patients,
the anti-CMV prevalence of RDU patients was compared with
blood donors at vari.ous age levels to see if RDU patients
had an increased anti-CMV prevalence compared to the normal
(donor) population (Table 5 .10).

Renal unit patients had

a significantly higher prevalence of anti-CMV in the 18-45
year age group compared to blood donors (Chi-square 10.7
3df 0 .02>p>O .01). The prevalence of anti-CMV in staff was
similar to that found in blood donors.

INTRAVENOUS IMMUNOGLOBULIN RECIPIENTS
As part of a study (Atrah et al,. 1985) into the efficacy of:'
intravenous immunoglobulin 195 samples were received from
43 individuals who had been infused with SNBTS intravenous
immunoglobulin.

Only one sample had a raised SGPT level

( >92) and this was a baseline sample taken prior to
infusion.

A total of 20 samples from 6 individuals were

reactive in the IEOP test. All 6 were RF positive and
removal of RF abolished IEOP reactivity.
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Table 5 .. 10

to age

Proportion of individuals with anti-CMV according

Age group

RDU Patients

Staff

Blood Donors

<18
18-25
26-35
36-45
46-55
56-65
>65

0

Unknown

42/81

(51%)

47/124 {37%)

0
133/511
132/303
107/178
69/94
45/60
0
0

Total

137/207 (66%)

47/124 (37%)

486/1146 (42%)

1/2
8/17
14/22
21/24
32/38
19/23

{50%)
{47%)
{64%)
( 87%)
(84%)
( 82%)

(26%)
(44%)
(60%)
(73%)
(75%}
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DISCUSSION

NANB PTH is the most common form of PTH in the USA where it
accounts for up to 90% of caseso

Indeed 10% of transfused

individuals in the USA develop PTH but the rnaj or i ty of these
cases are associated with only mild and often transient ALT
elevations with very few exhioitin_g signs of jaundiceo
In contrast to the USA only 23 cases have occur red in this
region in the past 8 years- a period when over 800,000 units
of blood have been transfused.

It might be assumed that

these 23 cases are only the tip of an iceberg and that many
similar cases have not come to our attention.

Indeed six

(X8/ 82, Xl3/ 82, X5/ 83, Xll/ 84, X8/ 85 and Xl 0/85) of the
NANB PTH cases were notified only as a result of this study.
However within the study on haemophiliacs and RDU patients,
the few who became jaundiced were actually reported to the
BTS.

As it would appear .that in these higher risk groups

the majority of NANB PTH cases are reported, clinical NANB
PTH may not be a serious problem within this region.
Alternatively, there may be a large iceberg of very mild,
sub-clinical cases which are never presented to GPs or
clinicians and hence are never reported.
The incubation periods in the reported NANB PTH cases are
with a few exceptions around 4 to 12 weeks, peaking at
\

around 6 to 8 weeks.
NANB

PTH

have

Other studies (Bamber et al, 19 81) on

suggested there are two forms

of

NANB

hepatitis based on the evidence of incubation times: a
short form of 1 to 4 weeks and a long incubation form of 6 to
14 weeks.

It should be remembered that the incubation

periods for transfusion associated CMV infection is 2-6
weeks, EBV 3-7 weeks, HAV 3-4 weeks and HBV 10-16 weeks.
The three cases (X3/81) which were given the same batch of
the

suspect

commercial

Factor

VIII

preparation

had

incubation periods of 4-5, 6-9, and 9-12 weeks suggesting
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that any differentiation of PTH NANB hepatitis on the basis
of incubation periods should be reexamined. Either the
effect is dose-related or each individual is unique and may
succcumb to infection within a different period to others
given identical material.
Haemophiliacs have been widely used as the main category of
individuals in which NANB hepatitis is highly prevalent.
Around one quarter of the haemophiliac population studied
showed raised SGPT levels at some time in the
investigation. This
is
similar
to other
reports
(Hilgartner and Giardina, 1977; Hasiba, Spero and
Lewis, 1977; Mannucci, Colombo and Rizzetto, 1982; Rickard
et al, 1982}. Only those included as cases of NANB PTH plus
the cases of hepatitis B were actually jaundiced. If NANB
hepatitis is indeed the cause of these SGPT elevations in
the haemophiliac group then it would appear that less than a ·
third with such elevations have chronic infections. In
one case {DB) the SGPT levels fluctuated like a yo-yo,
whilst in another case (TH) SGPT elevations were
consistently found over a 3 year period. The short
incubation of 11 days found in Xl2/80 is probably too short
for a viral infection and raises the possibility of an
allergic reaction to a constituent of blood similar to that
found in some haemophiliacs by Myers et al

(1~80).

t

The finding

of

no

apparent

correlation

between SGPT

elevation and the presence of anti-HBc or anti-CMV is in
accordance with the results of Enck et al (1979) and Gerety
et al (1980).
.·.

The IEOP test was develo.ped as a non-specific test for

NANB •

hepatitis and has been shown to detect 2 out of 3 proven
infectious NANB samples in the mini-panel obtained from Dr
H J Alter and tested blindly (Chapter 3}.

Unfortunately as

shown in Tables 5.2 and 5.5, the IEOP test failed to show any
I!
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reactivity in a significant number of NANB PTH samples in
this study and also in the majority of patients with SGPT
elevations in the other transfusion-associated groups.
This may indicate that the IEOP test is failing to detect a
particular type of NANB hepatitis which is more common in
these groups, or alternatively that the quite mild SGPT
elevations

~n

these groups may be the result of organ damage

due to the disease from which the individuals are suffering
and therefore the majority of these SGPT elevations may not
be NANB hepatitis.

Generally the IEOP test detects the

majority of jaundiced hepatitis A and B patients and of the
jaundiced NANB cases 4/23 we re detected as anti body.

This

proportion would be slightly higher (4/20) if the cases
thought

to be

due

to

the effects of

metabolites were excludedo

drugs

or

their

The antibody detected in the

IEOP system is thought to be IK and it is interesting to note
that 5/32 PTH patients in an early study (Purcell et al,
1971) were shown to develop anti-complementary activity
either before or after the time of raised LFTs.
The investigation of RDU patients was carried out after 8
individuals in one particular RDU had been shown to have
raised ALT levels, a feature not uncommon in other ROUs
(Polakoff, 1981).
LFTs,

Of these 8 RDU patients with raised

2 were shown to have IgM anti-CMV indicating CMV

infection and both were jaundiced.

In the 16 month,_,study

only 8 of the 215 patients exhibited SGPT elevati.bns around 3%pa.

However of the 8, 1 was due to hepatitis Band

1 was due to CMV, the other cases being relatively mild and

transient.

·.·

CMV infection appears to be quite common in the Glasgow ROUs
and anti-CMV testing showed a significant increase in the
prevalence of anti-CMV in patients compared to blood donors
in the 18-45 years age groups.

The other large group of

transfused individuals, the haemophiliacs, did not show

I
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any significant increase in anti-CMV prevalence.

Either

the Factor VIII concentrates are not contaminated with CMV
(as CMV is cell associated), a view also expressed by
Cheeseman et al (1984), or RDU patients are particularly
prone to CMV infection and this may be contributing to their
disease. Prevalence figures however should not be
misinterpreted as one haemophiliac was shown to have a CMV
infection and around 2% pa of all groups up to the age of 45
appear to seroconvert from negative to positive for antiCMV.
A similar seroconversion rate of 2%pa was found for the
development of anti-HBc in haemophiliacs under the age of
30. If this is truly the case many with anti-HBc would
appear to have had asymptomatic infections rather than had
severe jaundice. Anti-HBs tests were also performed on
many of the haemophiliac samples but these were not·
included in the results section for the following reasons.
Firstly anti-HBs is known to be added to several Factor VIII
preparations (Tabor, Aronson and Gerety, 1980a) in an
attempt to neutralize any HBV contaminants. Secondly,
some young haemophiliacs who were found to be negative for
anti-HBs and anti-HBc were given HB vaccine and thus
vaccinees with anti-HBs do not reflect any accidental
.

0

encounters with HBV. Finally heat treatment (60 C for 72
hours) of Factor VIII preparations will inactivate HB~~ (as
well as HTLV-III) and this may stimulate an anti-HBs
response similar to the vaccine (probably with no anti-HBc
development).

The

report

(Xl4/85)

of

a

haemophiliac

developing jaundice after infusion of Scottish heattreated Factor VIII must cast some doubt over the
effectiveness of this procedure.,, Furthermore the recent
reports (Colombo et al, 1985, Preston _et al, 1985) of NANB
hepatitis after infusion of heat treated Factor VIII would
suggest that NANB hepatitis agent ( s) are not inactivated by
the current heat treatment procedures. on the other hand
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other Scottish haemophiliacs have been given the same batch
of material and apparently have not been affected.

In the

immediate future it is likely that Factor VIII will be
heated

to

80°C

for

72

hours

rather

than

the

lower

temperatures presently used.
The results of the study on intravenous immunoglobulin
recipients would indicate that none of

the recipients

developed NANB from the SNBTS material,

confirming the

report of Leen et al (1985).

Unfortunately the English

equivalent has been implicated in NANB hepatitis {Lever et
al, 1984; Lane, 1983).

Why should the English material be

infective and the Scottish apparently not?
explanation

could

be

differences

in

One possible
manufacturing

processes. Another al terna ti ve could be that the English
product may have been contaminated with immune complexes
from a donor with NANB.
Several

suggestions

have

been

made

to

decrease

the

incidence of PTH in recipients including the exclusion of
blood

donors

with

prior

histories

of

jaundice,

high

SGPT(ALT) levels, HBV antibodies and the use of entirely
volunteer blood.

The exclusion of all these groups would

put a great strain on blood banks to meet the shortfall in
their supply and throughout the world different countries
have adopted different exclusion rules.

In the UK ~lood

donors with prior histories of jaundice, high SGPT levels
and HBV antibodies are continuing to

be accepted but

homosexuals

being

actively

discouraged from donating due to the AIDS scare.

If these

and

drug

abusers

are

two groups in the Caucasoid population did not exist, this
would solve or at least r emar~ably reduce the HBV problem in
this country.

However as they do exist and are being

actively discouraged from donatirig
in

specific

anticipated.

hepatitis

B

~n

expected shortfall

immunoglobulin

should

be
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In the USA donors with a history of prior jaundice are not
acceptable as blood donors because they are thought to be a
high risk in the transmission of NANB, particulary as NANB
has a remarkable propensity to become eh ronic.

Of the 6 5

donors implicated in the NANB PTH cases in this study, only
2 had histories of jaundice and both were involved in cases
in which the jaundice may have been caused by the effects of
drugs.

It would therefore seem from this and the data

presented in chapter 4 that the present OK policy of
accepting such donors is correct.
Studies in Australia (Cossart et al, 1982} suggest that
NANB PTH cases are often associated with donors with HBV
antibodies (in particular anti-HBs).

In this study of the

65 implicated donors 3 had both anti-HBs and anti-HBc and
theoretically may have been the cause of jaundice in the
recipients.
It is expected that individuals with HBV
markers will encounter NANB agents by the same mode with
which they acquired HBV and that individuals without HBV
markers have therefore a smaller chance of obtaining NANB
infections.

However the donors involved in Xl0/82 and

XS/85 have donated prior to and since the units involved in
these cases,

yet

their

blood has not apparently been

associated with further PTH cases.

This is also true for

all the other donors implicated in these cases and whq,~ have
donated since).
Routine SGPT

{ALT)

'
testing of all donations has been

introduced in West Germany and New York as a means to reduce
the incidence of NANB hepatitis. Of the Scottish cases
presented only 2 may have been prevented had this policy
been in force here.

This presupposes that these donations

with raised SGPT levels are in fact infectious.
with the donors with HBV antibodies,

Again, as

both donors have

donated since with raised SGPT levels and their blood has
apparently not caused any adverse reactions in the patients
transfused.
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Thus the present UK policies of accepting donors with
raised SGPT levels {i.e. not routinely SGPT/ALT screening)
and those with HBV antibodies would appear to be correcto
Certainly on an economic basis the cost of SGPT(ALT) and HBV
antibodies

testing

would

outweigh

the

cost

of

hospitalization of patients with NANB PTH even if all these
cases

could

have

been

prevented

by

these

measures.

Furthermore supposing that the donations with raised SGPT
levels

or

HBV

antibodies

were

all

infectious,

the

introduction of these screening procedures would have
little effect on reducing the already low level of NANB PTH
cases at present reported within this region and around 3%
of blood donors would be rejected.

LIT.001.3468

119

CHAPTER 6

HEPATITIS IN DRUG ABUSERS,
HOMOSEXUALS AND ALCOHOLICS
INTRODUCTION
This chapter describes hepatitis occurring in individuals
who have admitted to abuse of their bodies either with drugs
(usually heroin), alcohol or through homosexual practices.
Although each group may seem quite distinct there may be a
proportion of individuals who fit into two (or even three)
of these groups.
Hepatitis B is very common in the drug abuser population and
to a lesser extent in homosexuals, but is fairly infrequent
in

alcoholics.

transmission.

This

is

probably

Like hepatitis B,

due

to

the mode

of

NANB is thought to be

transmitted in drug abusers by the parenteral route through
the use of blood contaminated syringes and/or needles.
The spread of both HBV and NANB agents in drug abuser and
homosexual populations may be facilitated by other factors
such

as

poor

hygiene

and

increased

(homosexual or heterosexual).

sexual

contacts

In 1980 Dr Dane (then of the

Middlesex Hospital Medical School) stated that if there was
neither drug abuse nor homosexual practices in the UK, then
there

would

be

no

HBV

problem

amongst

the

native

population.
The number of drug abusers is currently increasing at a
dramatic rate and several have had episodes of jaundice not
due to HBV or HAV.

Although jaundice in drug abusers may

result more often from the toxic effects of substances
injected along with the drug {e.g. talcum powder or
cleansing

fluid)

attention

has

than

been

from

focussed

episodes in drug abusers.

a

NANB

agent,

particular

on well-defined

clinical

A study has also been carried
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out on all specimens from HBsAg negative drug abusers to
identify individuals with raised SGPT levels indicating
on-going liver damage.. To help identify the cause of this
damage various serological tests have been performed and
will be presented.
Geni to-Urinary

Medicine

{GUM)

departments

often

send

samples to the HRL for HBsAg screening and a proportion of
these samples are from homosexuals.

A selection of these

specimens have also been SGPT and IEOP tested to help
identify any patients with possible NANB hepatitis.
Excessive alcohol consumption can cause toxic damage to the
liver.

Consequently hepatitis in an alcoholic would be

expected to be non-viral.

A group of known alcoholics have

been SGPT and IEOP tested in this study.

RESULTS
DRUG ABUSERS

Random group.
hepatitis.

Drug abusers

with

single

episodes

of

Over a three year period 1313 HBsAg negative samples from
978 drug abusers have been tested for antibody in

th~

test system and also SGPT tested (Table 6.1).

Thg IEOP

'•\

test detected 56 positives from 53 drug abusers.
presence

of

IgM anti-HAV was

found

in

7 of

IEOP
The

the IEOP

positives with high SGPT levels indicating acute hepatitis
A infection..

Of the 49 samples from 46 drug abusers found

to be HBsAg and IgM anti-HAV negative but IEOP positive, 4
were IgM anti-HBc positive, 2 were recovering from acute
HBV infections, 2 developed HBV infections within 3 months,
10 were mono test positive but only 2 were confirmed to have
IgM anti-EBV, 1 was confirmed to have IgM anti-CMV, 12 were
RF positive and only 11 were negative for anti-HBc.

There

Table 6.1 Results of SGPT and IEOP tests on drug abusers, GUM clinic
samples and alcohol-ics
Number
Tested

IEOP
Positive

SGPT
>92

IEOP Pos ·
& SGPT>92

Drug abusers
HBsAg neg samples
!gM anti-HAV pos
Remainder

1313
7
1306

56 (4.3%)
7
49 (3.7%)

248 (18%)
7
241 ( 18%)

25 (1.9%)
7
18 (1.4%)

Alcoholics
samples
IgM anti-HAV pos
Remainder

332
7
325

37 (11%)
6
31 {9~5%)

73 {22%)

13 {3.9%)

66 (20%)

7 (2.1%)

246
19

11 (4.5%)
5
3
3 (1.3%)

26 (10%)
12
3
11 {4. 9%)

8 (3.2%)
4
3
1 (0.4%)

GUM
samples
HBsAg positive
IgM anti-HAV pos
Remainder

c , ___

~

4

223

7

6

..

r

~

0

0
......
(...)
~

-..J
0
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were

therefore

26

IEOP positives which

could

not

be

explained and of these 11 had raised SGPT levels suggestive
of unexplained viral hepatitis.
The three individuals in whom two samples were found to be
reactive were of particular interest.
The first was a drug abuser (DW) who 2 years earlier gave a
HBsAg negative IgM anti-HBc positive donation whilst in
prison

(See Chapter 4).

Two samples a few days apart

showed a rise in SGPT level from 34 to 86.

A sample 1 year

later showed an SGPT elevation which resolved within a
week, illustrating the short duration of some episodes.
The second was a heroin user (DD) whose first sample was
found to be IgM anti-HBc positive.

A sample 2 months later

had a normal SGPT level but a further sample 9 months later
was again IEOP positive and had a

raised SGPT level,

demonstrating repeated episodes found in abusers.
The third was a female abuser (EB) whose first sample was
IEOP positive, anti-CMV negative and with a normal SGPT
level.

A further sample 5 months later was still IEOP

positive and was shown to have seroconverted for anti-CMV
by RIA.

Further testing by the MACELISA showed that this

second specimen was IgM anti-CMV positive,

illustrating

that CMV infection can also be a problem in drug abusers and
should be considered in any diagnosis.

Drug abusers with atypical HBV
Of the 130 HBsAg negative samples found to have raised SGPT
levels and anti-HBc (Table 6.2), 123 were tested for the
presence of IgM anti-HBc by either Corzyme-M or Corab-M and
2 3 {18.7%) positives were found, indicating very recent HBV
infections.

Only three of

these individuals had been

shown to be previously HBsAg positive whilst the remainder
presented with

jaundice or hepatitis presumably after

losing their HBsAg.

Failure to test for IgM anti-HBc in

these patients would almost certainly have resulted in
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Table 6.2 Results of anti-HBc tests on drug abusers
according to age and evidence of an elevated SGPT result
Age Group

Number
Tested

A/HBc Pos

SGPT
>92

A/BBC Pos
& SGPT>92

13-18 (a)

33

19 (57%)

15

7 (46%)

18-25 (b)

360

252 (70%)

143

94 ( 6 5%)

26-35 (c)

125

76 ( 60%)

29

18 ( 6 2%)

7

3 (43%)

2

0 ( 0%)

210

113 (53%}

29

11 ( 3 8%)

735

463 (63%)

218

130 {59%)

36-45

Unknown
Total

Chi square bvc SGPT

avb
avc

=

11.6, p<O.OOl

not significant
SGPT = 6.3,

0.02>p>0.01
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their

illness

being

labelled

NANB

hepatitis.

These

results illustrate the importance of testing for all
markers of HBV infection in drug abusers exhibiting hepatic
symptoms before concluding that HBV is not involved.

Drug abusers with repeated episodes of hepatitis
To attempt to find any evidence for chronicity of SGPT
elevations data from 65 abusers with raised SGPT levels and
with further samples were examined.

About two-thirds ( 42)

appeared to have an acute hepatitis and 4 of these were
explained by acute hepatitis A orB infections.
with

apparently

chronic

elevations,

9

Of the 23

subsequently

developed hepatitis B (Figure 6.1) within 1 to 4 months,
whi_lst of the remaining 14, 2 appeared to have biphasic
elevations.
The 9 which went on to develop HBV were interesting. Seven
of them were tested for anti-CHV and 3 were found positive.
Two remained positive after protein-A treatment suggesting
possible CMV infection followed by HBV infection 5 or 8
weeks later.

However later ELISA tests for IgM anti-CMV

proved negative.

IgM anti-EBV tests also proved negative.

Two were clinically jaundiced (JD and BH) whilst one (GD)
had an overdose.

An other (SE) was a contact of a known

HBsAg patient and had a weak anti-HBs without anti-HBc.
Tests for anti-delta

(anti-HDV)

were performed on, the
;

latest

samples

positive.

from

all

9

individuals

but

none

were

It therefore appeared that 9 patients developed

HBV following an episode of apparently NANB hepatitis.
Since this first observation of a NANB hepatitis episode
followed by a HBV episode 2 to 4 months later 13 other cases
have come to light.
levels

(cited

The first was a donor with raised SGPT

in

Chapter

4) .

Others

included

a

haemophiliac (X3/81) and a reported case of PTH-B in an RDU
patient

(Chapter

5),

an

individual

found

to

be

IEOP
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Figure 6 .. 1

Time span between SGPT elevation and

HBsAg positive sample

*

*
*
*
*

1

2

*

*
*
*
3

months

4

5
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positive yet denying drugs (Chapter 7) and 9 other drug
abusers who were found in 1985 (one in 1981) .

Half {11) of

the 22 with NANB followed by HBV had a 2 month interval
between NANB episode and HBV, whilst the other 11 had a 4
month

interval.

IgM anti-CMV testing only revealed

1

positive (JMcC) who developed HBV 2 months later suggesting
a common source for the dual infection.

Clinically, all of

the 22 patients exhibited clear symptoms of hepatitis.

In

most cases this was not of the mild type seen in some USA
studies (Aach et al, 1981; Alter et al, 1981) with minimally
elevated LFTs but was often severe enough to warrant
admission to Ruchill Hospital.

In most it was also a

sufficiently clear clinical hepatitis picture to have
clinicians alerting the laboratory to the possibility of
such a NANB case.

Hepatitis in drug abusers
Hepatitis is a particular problem in drug abusers.

To

obtain an idea of the prevalence of infection with CMV and
HBV in drug abusers large numbers of specimens from abusers
were

tested for

anti-CMV,

anti-HBc and anti-HBs.

In

addition, the acquisition of anti-CMV and anti-HBc with age
was also investigated.
CMV.

Examination of the results of anti-CMV tests (,rable

6.3) on those with raised SGPT levels compared to all those
tested revealed no differences in prevalences for the
various age groups selected.
evident for anti-CMV.

A 2%pa acquisition rate is

Of interest a greater proportion of

younger abusers had raised SGPT levels compared to older
ones (45% of those under 18 compared to 23% of those between
26 and 35 years)
HBv.·

{Tables 6.2 and 6.3)

In table 6.4 the prevalences of anti-HBc and anti-HBs

in drug abusers is examined.

61% had both antibodies,

whilst 29% had neither, 7% had anti-HBc alone and 3% had
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Table 6.3 Results of anti-CM.V tests on drug abusers according
to age and evidence of an elevated SGPT result
Age Group

Number
Tested

A/CMV Pos

SGPT
>92

A/CKV Pos

SGPT>92

&

13-18

32

8

(25%)

16

1

(6%}

18-25

314
114

108

(34%)

120

38

{32%)

70

(61%)

23

16

(69%}

6 {100%)
34 (43%)

1
17

(41%)

177

26-35
36-45
Unknown
Total

6
79
545

226

1 (lOO%)
7 (41%)
63

(35%)
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Table 6 .. 4
abusers

Results of anti-HBc and anti-HBs tests on drug

SGPT Level

<92

Anti-HBc + Anti-HBs
Anti-HBc alone
Anti-HBs alone
Both negative

275 (6 2%)
28 (6%)
11 (2%)
127 (29%)

Total

440

>92
71 (58%)
10 ( 8%)
6
( 5%)
35 ( 29%)
122

Total
346 (61%)
38 (7%)
17 {3%)
162 {29%)
563
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anti-HBs alone.

Of those with anti-HBs alone, 7 had levels

above O.Ol!U/ml whilst the other 10 had levels below the
threshold acceptable for immunity. Of those with anti-HBs
alone, one had an acute HAV infection whilst another had a
toxoplasmosis infection.
obtained

anti-HBc

by

Two-thirds of drug abusers have

an

early

age

and

therefore

acquisition rate for anti-HBc was evident (Table

no

6.2)~

S ummar i sing the drug abuser data, 2 41 samples were shown to
have raised SGPT levels.

Of these 23 were shown to have IgM

anti-HBc and 2 to have IgM anti-CMV, leaving 216 with no
known cause for their raised SGPT levels. Only 12 of these
216 reacted by IEOP suggesting that these 12 were suffering
from NANB hepatitis and that the majority of the remaining
204 were probably suffering from the toxic effects of the
various abused substances.

ALCOHOLICS

Of 332 samples from known alcoholics, 37 were positive in
the IEOP system and 73 had raised SGPT levels (Table 6 ..1).
IgM anti-HAV tests on all the IEOP positives revealed 6
individuals to have acute hepatitis A infections.

A

further I gM anti-HAV positive was also found which failed
to react by IEOP.

One of these positives (HM} react'~d by

IEOP and was shown to have IgM anti-HBc indicating a recent
HBV infection.

The remaining 30 IEOP positive samples

were from patients with hepatitis or jaundice thought to be
.due to alcohol. Only 5(16%) were negative for anti-CMV.
Of 14 anti-CMV positive specimens treated with protein-A,
10 were still positive on retest, and 6 of those were proven
to have I gM anti-CMV by IF. A further 2 were shown to have
!gM anti-CMV by ELISA.

Only 2 of those 8 had raised SGPT

levels indicating liver involvement by CMV.
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One patient {AMcL) proved interesting as 6 samples were
received over an 8 month period.
SGPT levels.

All specimens had normal

The first and last specimens were

IEOP

negative but the other 4 specimens were all IEOP positive.
The second sample was associated with nausea,
haematemesis and jaundice.

vomiting

This sample was weakly RF

positive and anti-CMV was detected (non-reactive after
protein-A) •

Subsequent samples showed stronger reactions

for RF.
13 other IEOP positive samples were strongly reactive for

RF.

Three of these were associated with CMV infection

whilst 2 absorbed with polymerised IgG failed to react by
IEOP.

Subsequent samples from 5 (AC, FC, TB, BT, and RA)

were all IEOP negative whilst previous samples from 3 (JA,
JG and CC) were also IEOP negative, illustrating that the
episode resulting in the production of IK was of an acute
nature.
In summary 66 alcoholics had raised SGPT levels, of which 7
were IEOP positive.

The 7 IEOP positives included 2 IgM

anti-CMV, 1 IgM anti-HBc and 3 RF positive which would only
leave one unexplained IEOP positive with raised SGPT levels
as

a

potential

NANB

hepatitis.

The observation of

8

patients with anti-CMV of IgM class was unexpected and
should be further pursued.

GUM

samples

Of 246 samples from GUM clinics tested by IEOP and SGPT, 11
were positive by IEOP and 26 had raised SGPT 1 evels (Table
6 .1).

However 19 HBsAg positive samples were included of

which 5 were IEOP positive and 12 had raised SGPT levels.
Four IgM anti-HAV positive samples were also included and
the IEOP test detected the 3 with raised SGPT levels.
Excluding

samples

known

to

be

HBsAg

or

IgM

anti-HAV
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positive,

223

samples

remained

of which

3 were

IEOP

positive and only 11 had raised SGPT levels.
Of the 3 IEOP positives, only 1 had a raised SGPT level but
this was found to be RF positive, whilst the other 2 had
normal SGPT 1 evels - one was mono test positive but no I gM
anti-EBV was found, whilst the other was a weak anti-HBc
positive from a

patient suffering from malaise

after

returning from Nigeria.
All those with raised SGPT levels were tested for anti-HBc
and 4 were found positive- 2 of 3 known drug abusers, 1 of 3
known homosexuals and l of the other 5 individuals.

All

were shown to lack IgM anti-HBc.
Of the initial 246 samples, 49 were from known homosexuals.
Anti-CMV tests were performed on 192 specimens from known
homosexuals
{Table
6 .5). A
significantly
higher
prevalence of anti-CMV was found in homosexuals at the
younger age groups ( 18 to 3 5 years) when compared with blood
donors used as a normal population.
In summary the maximum number of potential NANB cases in GUM
patients was ll of which only l reacted by IEOP and this was
RF positive.

If both raised SGPT levels and unexplainable

IEOP reactivity are required for inclusion as NAN~, then no
GUM patient was found to have evidence of sub-clinical NANB
hepatitis.
DISCUSSION
DRUG ABUSERS

Drug abusers are a very difficult group of patients to
include in any epidemiological study.

They are usually

uncooperative, unreliable, especially in their attendance
at follow-up clinics, a.nd of extremely doubtful veracity.
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Table 6 5
to age
m

Age
Group
<18

Prevalence of anti-CMV in homosexuals according

Number
Tested
2

A/CMV
Positive
0

( 0%)

Blood
Donors
NT

18-25 (a)

76

46 {60%)

133/511

(26%)

26-35 (b)

77

57 (74%)

132/303

(44%)

36-45 (c)

24

19 {79%)

107/178

{60%)

46-55 (d)

9

7 ( 7 8%)

69/94

{73%)

56-65 (e)

1

0

45/60

(75%)

Unknown

3

2 { 67%)

192

131 (68%)

Total

{0%)

NT

486/1146 (42%)

Chi square Homosexuals versus Donors anti-CMV prevalence at
age group {a) =37, p<O.OOl; (b) =22, p<0.001; (c)
(e) all not significant

(d) and
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Episodes of "hepatitisu, even caused by HBV, are considered
by them of little consequence and much of the liver damage
·seen in this
substances
caution

group is

used

must

to

undoubtedly

dilute

therefore

be

their

the

result

hard

exercised

drugs.
in

of

the

Extreme

interpreting

results from this group, but even allowing this, there are
three interesting findings from the present study.
Prevalence of BBV

In W Scotland, needle-sharing by drug abusers is by far the
most common route of transmission of HBV in the community,
with almost 60% of acute HBV infections associated with
drug abuse.

The figure of 61% for the presence of both

anti-HBc and anti-HBs in HBsAg negative drug abusers (Table
6. 4) illustrates the extent to which HBV is spreading in the
drug

abusing

community.

By

comparison

only

2%

of

W

Scotland blood donors have anti-HBs and anti-HBc (Barr et
al, 1981).

Levels such as found in the drug abusers are

usually seen in Af r i ea and the Far East i.e. areas where HBV
is endemic ( Sobeslavsky, 197 8).

The further finding that

acquisition of HBV antibodies occurs in adolescence (Table
6 .2) in contrast to CMV infection (Table 6 .3) corroborates
the findings of social workers and police that drug abuse
and HBV are now affecting younger and younger age groups
each year.
Anti-HBc in Drug Abusers

With such a spread of HBV infection in a closed community it
would not be too surprising to see rare and atypical forms
of HBV infection as well as the vast majority of average
cases with 3 months incubation and organised progression of
all HBV markers of infection ending with the acquisition of
anti-HBs and immunity.
Anti-HBc is an excellent marker of current or prior HBV
replication in the liver depending on the immunoglobulin
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class.

In an acute infection anti-HBc of I gM class usually

appears after HBeAg while HBsAg is still circulating. I gM
anti-HBc is a marker of use in distinguishing the acute from
the carrier state (Tsuda et al, 1984) but is not the first
choice as a distinguishing marker for current infection.
This function is provided by HBsAg which can be detected
early and at very low concentrations ( <0 .Sng/rnl) whereas at
the height of an acute infection HBsAg concentrations can
often reach 250ug/ml.

In this study 20 HBsAg negative drug

abusers were found with signs and symptoms of hepatitis
(jaundice or elevated SGPT) and with IgM anti-HBc.

The

level of antibody was always such as to indicate current
rather than recent infection.

Failure to test for anti-

HBc would have resulted in these cases being labelled as
NANB

hepatitis.

Similar

cases have

been

reported

by

Krugman and Giles (1972) who showed that a proportion of
volunteers infected with HBV developed jaundice on losing
HBsAg. Hoofnagle (1981) estimated that 5% of patients
with acute HBV become HBsAg negative before the onset of
symptoms and jaundice.

The total number of WScotland drug

abusers with acute HBV as detected by HBsAg testing in the
1982 to 1984 period was 377.

In this same period a further

20 have been detected with acute HBV infection as detected
by IgM anti-HBc testing of drug abusers with raised SGPT
levels.

Therefore 20/397 or 5% of cases presented with

atypical HBsAg negative HBV

infection~

It is ext_remely
~

important to test for other markers of HBV infection as well
as HBsAg in any drug abuser or contact presenting wi,th
apparently HBsAg negative hepatitis.
NANB Hepatitis

In W Scotland there are undoubtedly many thousands of drug
abusers often concentrated in specific areas of large towns
and cities.

This population mainly of young people with

little viral "history" to provide immunity is an excellent
host population for any agent transmitted by needle or
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sexual routes.
and

HTLV- I I I

HBV is endemic, HDV is spreading steadily,
i nf ecti on once

prevalent as HBV.

introduced can

become as

If parenteraliy or sexually transmitted

NANB agents are present in W Scotland it would be remarkable
if they had not penetrated into this ideal host population.
The most compelling evidence of the presence of NANB agents
in drug abusers in this study was the finding of 21 cases of
apparent NANB hepatitis followed 2 or 4 months later by HBV
infection.

HDV could not be implicated in any case.

In

many of the cases the NANB component was of sufficient
severity to merit hospitalization.

Other workers have

also noted such a Se;J:Uence of infection.

Ben Dov and

Fainaru (1980) observed NANB followed by HBV in 2 PTH cases
with a time interval of 3 months between episodes.

Mosley

et al (197 7) cited a time interval of 4 months in their case.
Many scenarios can be painted to explain these findings,
the most intriguing of which is that of dual infection with
a NANB agent and HBV.

If NANB is a short incubation type

then NANB could develop 1 month after infection followed at
3 months post infection by HBV.

To explain the 4 month gap

is more difficult and necessitates the postulation of a
NANB agent which can interfere with HBV replication in such
a way as to prolong the incubation period to 5 or 6 months.
Prolonged incubation periods are known in HBV infection in
patients who have received HB immunoglobulin more
hours after exposure to HBV infection.
this prolongation is not understood.
possible until

a

t~an

48

The mechanism of

Other scenarios are

the NANB infection preventing HBV infection
month

(?interferon).

after

the

peak

of

NANB

infection

Alternatively such prolonged incubation

periods may reflect the possibility that at the peak of NANB
infection the human body is more susceptible to further
secondary infection with HBV if this agent is in the
irnmedi ate env i ronrnent.

However, whi 1 e the number of those

cases and the duplication of symptoms and time scales is
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impressive, it must always be remembered that the patients
are drug abusers often using substances of known liver
toxicity as part of their daily or weekly drug intake.

NANB IN HOMOSEXUALS
The most interesting finding in the homosexual population
studied was that the prevalences of anti-CMV in those aged
up to 35 years old were significantly higher than the
control

population

(Table

6. 5) •

This

is

not

really

surprising as CMV is known to be excreted in urine for some
considerable time after infection and therefore those
individuals obtain anti-CMV early in their activities in a
similar fashion to drug abusers for HBV antibodies. New
York homosexuals have been found to have a similar high
prevalence of anti-CMV compared to blood donor controls
(Ikram, Prince and Baker, 1983).

NANB IN ALCOHOLICS
The alcoholics studied were a most interesting groupo
Some appear to have been given a provisional diagnosis of
alcoholic liver disease but clinicians had sent samples to
the HRL to exclude HBV infection.

surprisingly the IEOP

test helped identify known infectious agents, particularly
· HAV and CMV as the cause of hepatitis in a significant
number of these patients.
Although 4% of alcoholics with raised SGPT levels had antiHBc this was a lower prevalence than that found by Mills et
al (1981) and Hislop et al (1981) in Scottish alcoholics.

In conclusion,

the IEOP test has proved invaluable in

screening these groups for potential.sufferers of current
viral infections,
exclusion NANB.

including HAV,

HBV,

CMV,

EBV and by

Also SGPT testing in conjunction with
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anti-HBc tests
detected

a

and subsequent

significant

IgM anti-HBc

number

of

HBsAg

tests has
negative

individuals with I gM anti-HBc who would have otherwise been
labelled as suffering from NANB hepatitis.
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CHAPTER 7

OTHER SPORADIC CASES OF HEPATITIS

INTRODUCTION

Throughout. the world it has been estimated that NANB
hepatitis accounts for between 6 and 50% of sporadic acute
1983)~

hepatitis (Hopkins,

These estimates vary widely

not because of geography but because various factors have
influenced these studies.

The three main factors are (1)

the ages of the patients admitted to studies, {2) the ALT
cut-off level used, and ( 3} the range of serological tests
performed.
The ages of patients admitted to studies can have a dramatic
effect on NANB data.

If all patients with jaundice are

admitted to studies regardless of age then many with
obstructive jaundice may be included amongst those with
apparent NANB.
under

40

Generally NANB hepatitis is found in those

years

old.

This

age

group

has

been

more

thoroughly investigated in this study and all those with
raised SGPT levels have been IEOP, anti-HBc, anti-CMV and
anti-EBV tested to determine how many have been infected
with known viral agents, as opposed to NANB.
The ALT or SGPT cut-off level varies considerably bet;!een
various groups of workers.

This is not surprising as

although ALT is often measured in international units the
same

specimen

tested

by

two

different

biochemistry

laboratories can often be measured at widely different
potencies.

The

expression

"international

unit 11

as

applied to the measurement of enzyme activity has been
defined as "that amount of enzyme which under given assay
conditions will catalyse the conversion of 1 umole of
substrate per minute".
manufacturer

to

As the assay conditions vary from

manufacturer

there

is

no

truly
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international method and thus any corn par isons between data
from

different

cautiously.

laboratories

must

be

interpreted

In this study the SGPT cut-off 1 evel of 92 SF

U/ml has been shown to be equivalent to 200 iu/1 as measured
by Glasgow Royal Infirmary Biochemistry department.

This

SGPT cut-off represents approximately 2.5 times the upper
limit of normal.

Other studies have used various cut-off

levels such as 2, 2 .Si 4 or 5 times the upper limit of normal
as the criteria for diagnosis of NANB hepatitis.

In this

chapter the effect of varying the SGPT cut-off has been
investigated.
The range of serological tests performed also influences
the

proportion

serological

of

hepatitis

due

to

NANB.

tests performed the greater

The

more

the chance of

finding a known viral cause for an otherwise unexplained
episode

of

jaundice.

Many

clinicians,

however,

on

receiving an HBsAg negative and IgM anti-HAV negative
report on a specimen have concluded that the jaundice was
due to NANB.

The nomenclature of the system is probably

more at fault than the clinician but strictly speaking
before a definitive diagnosis of NANB hepatitis is made at a
minimum EBV and CMV test results would be essential, as well
as anti-HBc.

In this study the majority of patients with

raised SGPT levels have been examined for evidence of
~\

<

recent infection with these viruses to see the proportion
of hepatitis which remains as potential NANB hepatitis.
In this chapter specimensf unable to be classified into the
categories of the previous chapters,
together.

have been grouped

This group is probably quite heterogeneous with

some samples which should ha~e been included in previous
chapters but information may have been omitted from the
history on the request cards.

Particular attention has

been paid to individuals under the age of 40 with raised
SGPT

levels.

Their

specimens

have

been

tested

for
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evidence of

current infection from any of the 4 main

hepa totropic agents,

namely HBV,

HAV,

EBV and CMV

to

identify those with NANB hepatitis.

RESULTS

Table 7.1 shows the results of SGPT and IEOP tests on
specimens found to be HBsAg negative and IgM anti-HAV
negative.

All

specimens

from

known

drug

abusers,

haemophiliacs, patients with a prior history of hepatitis,
renal unit patients and alcoholics were excluded
previous chapters).

(See

Of 6385 samples tested in the 3 year

period 399(6.2%) reacted in the IEOP test system.

SGPT

tests showed raised levels in 1871 ( 29%) of those tested and
236 ( 3. 7%)

reacted

in

the

IEOP

test

system

as

well.

Examination of those with raised SGPT levels ( >92) showed
12.6% were IEOP reactive whereas only 3.6% of those with
SGPT levels below the threshold were IEOP reactive.
IEOP POSIT IVES

The results of further serological studies performed on the
399 IEOP positives is shown in Table 7 .2.
for IEOP reactivity were evident,

Two main causes

namely RF positivity

(found in 106 or 27%) and evidence of recent infection with
known infectious agents (found in 117 or 2 9%).

This left

176 ( 44%} unexplained and of these 101 ( represen ting\1. 6%
of all sera tested) had raised SGPT levels and could be
considered as potential NANB.

Although most of those with

known infections were shown to have raised SGPT levels, 30%
of them had SGPT levels below the threshold used in this
study.

Overall 82 (35%) of the IEOP reactive sera with

raised SGPT levels were found to have known infections
whereas only 35(21%) of those with SGPT levels below the
threshold had known infections.

Table 7 .. 1

Results of IEOP and SGPT tests on other samples sent to BRL
SGPT > 92 SFU/ml
IEOP Positive
Number Tested

Year

Number
Tested

IEOP
Positive

1982

1876

148 (7.9%)

690

1983

2180

143 { 6. 5%)

632 (29%)

80

1984

2329

108 (4.6%)

549 (24%)

62 (2.6%)

Total

6385

399 (6.2%)

1871 (29%)

236 (3.7%)

(37%)

94 (5.0%)
( 3. 7%)
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Table 7.2

IEOP positive results according to SGPT level

Test
I gM anti-EBV
I gM anti-CMV
I gM anti-HBc
I gM anti-Rubella
Coxsackie B4
Adenovirus
Mycoplama pneumoniae
Malaria
Salmonella

SGPT Level
<92
9
17
2
0
2
0
2
3

(25%)
{37%)
(10%)
(2 8%)
(lOO%)
( 7 5%)

0

Total
>92
27 ( 7 5%)
29 {63%)
18 {90%)
1 (lOO%)
5 ( 7 2%)
1 (100%)
0

1 (25%)
1 (lOO%)

36*
46
20
1

7*
1
2
4
1

Total Infections

35 (30%)

82

(70%)

117

RF positive
Remainder

53 (50%)
75 (43%)

53
101

(50%)
(57%)

106
176

163 {41%)

236

(59%)

399

Total

2)
* One individual with dual infection {See case
·.~.,
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Table 7.3 shows the results of further investigations on
the

IEOP

positives

according

to

the

patients

age so

Collating the data on patients under 40 years shows that 6 8%
had raised SGPT levels (compared to 56% for the over 40 s),
only 11% were RF positive (compared to 36% for over 40 s) and
4 8% were shown to have evidence of

recent or cur rent

infections with known agents (compared to 18% for over
40 s) •

The commonest known infective cause of IEOP reactivity was
CMV infection.

IgM anti-CMV IF tests detected 26, whilst

the IgM anti-CMV ELISA test detected a further 20.
those

with

IgM

anti-CMV

had

raised

SGPT

63% of
levels.

Examination of the request cards of those with CMV revealed
34 with jaundice including 4 with apparent obstructive
jaundice, whilst the remainder had either abnormal LFTs,
liver failure, hepatomegaly, ascites or pyrexia.

It was

noted that 24 of the 46 CMV infections were in patients over
60 years.
The next most common infectious cause of IEOP reactivity
was EBV infection. 75% of those found to have IgM anti-EBV
had raised SGPT levels.

Investigation of the histories on

request cards showed that 24 (66%) were jaundiced, with the
others having either pyrexia, headache, nausea, general
malaise, flu-like illness or abnormal LFTs.
interest one of them was my second cousin.

Of personal
EBV infe'~tion

occurred almost exclusively in the 11-40 age group.
IgM anti-HBc in the absence of HBsAg was found in 20
samples.
shortly

Three were known to have been HBsAg positive
before,

but the

remainder had been

usually for less than a week."
between 11 and 40,

jaundiced

The age groups affected were

the majority being under 20 years.

Table 7.3
Age Group

IEOP positives according to _age
· Number
SGPT
IEOP Pos: >92 .: ·· ·

0-10

5

11-20

53

21-30 .
31-40 .·
41-50'

"4

35
·,.. '48· ..

""70

18 .

26
.···30

:~aF:·:·.

- Ser~logical· ·diagnosis

:_:~~po=s.

·o

,_ r~·:~: .
g:t:·.· .

. :-2 . ·_
_;_~-

:.·

. :17 . . .· . . Y\f9_-~::;

:.···26:.

..

~--MaL-,.Co~\

·.···· .

.

2

••in4 :f.u2:,c~;~M:yc
Eis. Ms ··c:6: eo~*· -s

E~· M~

b4

~ox2R

·;.c5_·

Total

29
27

Mal

15
5

51-60

62-

37>

61-70

68

. :37 .

71-80

. 47

25

:19:

81-90
91-100

10

5

4

0

1

1

1

0

Unknown

27

9

8

399

236

l06

Total

•'--:'·

. ' .. ~·~~: . i

C4
·C17 Cox3 <A·

E

C7

Myc

E M C Ma12

4

21
9

5

117

E=IgM anti-EBV, M=IgM anti-HBc, C=IgM anti-CMV, Cox=CoxsackieB, R=IgM antiRubella, Myc=Mycoplasma pneumoniae, _Mal=Malaria, A=Adenovirus, S=Salmonel1a
.

-;~
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The

finding

of

RF

should

not

rule

out

further

investigations. Several sera with RF activity were
absorbed by the use of polymerised human immunoglobulin and
still reacted on retest by IEOPe IgM antibodies mainly to
CMV, but also to HBV and EBV were then demonstrable.
Several individuals found to be IEOP reactive were of
interest:
Case lo Patient (WR) diedo He had suffered 3 months of
weight loss and had deteriorated, developing jaundice
within 2 days of the sample tested. An IEOP positive
result was found together with IgM anti-HBc and anti-HDV,
suggesting a possible dual infection with HBV and HDV.
case 2. A 25 year old male (GB) with a flu-like illness was
found to be IEOP positive with a raised SGPT leve~. IgM
anti-EBV was found together with a 1:512 titre antibody
against coxsackie B4.
Case 3. A 35 year old patient (PG) with a 1:1024 titre
coxsackie B4 antibody was also monotest positive but IgM
anti-EBV was not found.
Case 4. Two samples from a 67 year old (MM) which were very
weakly positive for I gM anti-HAV were found to hav,e
coxsackie B4 titres >1024. This patient had been
jaundiced for 2 weeks although a past history of hepatitis 7
years previously was known and the patient had been
involved in the handling of second hand clothes.
Case 5. A 61 year old patient ( RB) who subsequently died
with jaundice and atypical pneumonia had a coxsackie B4
titre >1024.
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Case 6. IgM anti-Rubella was found in one IEOP positive
specimen from a 31 year old male (CG) thought to have
infectious hepatitis.
Case 7. Two other samples f rorn another IEOP positive
patient (GA) with raised SGPT levels were also positive for
IgM anti-Rubella by Rubazyme-M. Both samples were also
monotest positive but IgM anti-EBV was not detected. RF
was found in both sera and after absorption with
polymerised human immunoglobulin both samples were found
to be negative by Rubazyme-M, suggesting initial false
positive results with Rubazyme-M.
Cases 8-11. Malaria accounted for 4 IEOP positives. One
(I O' D) had recently returned from Nigeria with falciparum
malariae, another (IW) from India with falciparum vivax and
a third (LD) from Pakistan with unknown type.
Information
on the fourth (AD) was scanty.
Cases 12-13. Mycoplasma pneumoniae was found in 2
patients, a 73 year old (JC) with a history of weakness,
pyrexia and diarrhoea and a 12 year old (JI) with sickle
cell disease.
Case 14. Adenovirus was detected on EM investigation of
stool specimens from a 63 year old male (JC) who had
abdominal pain for 2 weeks.
\
Case 15. A 2 5 year old male {DT) with abnormal LFTs who was
recovering from a salmonella infection also rected by IEOP.
Case 16. One patient (K 0 N) developed hepatitis B 4
months later. (See Chapter 6)'.
1
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OTHER RESULTS
Raised SGPT levels and Anti-HBc
Anti-HBc tests were performed on practically all sera found
to have raised SGPT levels since the start of the study in
1980

(Table 7 .4).

according

to

1980 and 1981 sera were not sorted

sourcef

whereas

no

drug

abusers,

haemophiliacs, etc were included in the figure for 1982
onwardso

In 1984 anti-HBc tests were limited to specimens

with SGPT levels greater than 500 and to the first 6 months
of specimens from individuals under 40 with raised SGPT
( >92).

levels
samples

is

The differing selection procedures for

reflected

prevalence.

Overall

in

the

variations

in

anti-HBc

9% of specimens with raised SGPT

levels were found to have anti-HBc.

Most of those found to

have anti-HBc were tested for I gM anti-HBc and 40 specimens
from 30 individuals were found positive.

Six individuals

were known to be HBsAg positive previously, but the other 24
individuals had been diagnosed as having NANB hepatitis but
had presumably developed their jaundice after loss of
HBsAg.

Only 2 of the 24 individuals were not considered to

be jaundiced, but both had raised SGPT levels and one of
those {KR) had a husband who was HBsAg positive.

The ages

of the 24 ranged from 17 to 45 and there was an equal number
of each sex.

The only individual in this group over the age

of 40 was a woman (JS) from Lennox Castle hospital.

The

duration of jaundice was unknown in most but of those with
this information most had been jaundiced for 1 ~eek,
although this ranged from 2 days (EMcC} to 1 month (PR).

Raised SGPT levels in those under 40 years
Table 7. 5

shows

the results of all serological

tests

performed on specimens with raised SGPT levels from those
under 40 years of age. The study was terminated in July
1984.

87 specimens showed evidence of recent infectious

diseases and 46 {53%) of those were found to be IEOP positive
(See above).

The remaining 40 specimens (IEOP negative)

>: ...

c

c

Table 7.4 , Anti-HBc results on specimens with rai~ed SGPT levels
Year

Number
Tested

Anti-HBc
Positive

Tested

IgM Anti-HBc
Pos
Individuals

1980

82

10 (12%)

5

171

22 (13%)

15

3
10

2

1981
1982

646

46

(7%)

37

6

5

1983

579

52

(~%)

21

9

7

1984

168

22 (13%)

20

12

11

98

40

30

Total

1646

152

(9%)

c.c

5

r

~

0
0

--"

B~~~~~~~~~~MR--------

(...)
~

c.o

-..J

Table 7.5 Tests performed on specimens with raised SGPT levels from patients under the
age of 40
Year
Total
618

1980

1981

1982

1983

1984

57

71

189

186

115

2
3
1
0
0
1

3
0

12
2
6

0

7

1

7
7
4
1
0

31
27
12
11

0

7
9
1
3
1

0

0

1

0

2

0

0

1

0

0

0

0
1

0

0

1
1

7
12%

9
12%

29
IS%

23
12%

.19
16%

87
14%

Total IEOP pos
Percentage
IEOP pos-known agent
IEOP pes-unaccounted

4
7%
1
3

1
1.4%

34
18%
16
18

22

1

37
20%
18
19

19%
11
11

98
16%
46
52

ProtA Anti-CMV pos
IgM anti-CMV(IF)neg

2

13

0

6

8

29

Number of specimens
IgM anti-EBV
IgM anti-HBc
PVB

IgM anti-CMV
IgM anti-Rubella
Coxsackie B4
Salmonella
Malaria
Total known infections
Percentage

6

0

2

IEOP Pos
98
23
13
1
5
1
1
1
1
46

5

•

r

=i
0
0

--"

w
~

c.o
(X)
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all had recent viral illnesses. These included 8 with IgM
anti-EBV, 14 with IgM anti-HBc, 11 post hepatitis B, 6 IgM
anti-CMV, 1 IgM anti-rubella and 1 coxsackie B.

One other

individual ( LH) was jaundiced 3 months prior to developing
hepatitis B (See Chapter 6)..

It should be emphasised that

the 1980 and 1981 sera were IEOP tested in 1982 and this may ..
account for the apparent low IEOP reactivity in those
years.
If a raised SGPT level (>92) together with IEOP positivity
is taken as the indicator of possible infection involving
the liver then in this age group, of the 9 8 specimens with
both these indicators 46(47%) can be attributed to known
infections, leaving 52 (53%) undiagnosed.

If a raised SGPT

level (>92) is considered aione and all those with known
infections excluded, 11% of the 1982-84 sera were IEOP
positive, indicating potential NANB hepatitis.

Varying the SGPT Cut-Off Level
Varying the SGPT cut-off level according to age group was
investigated (Table 7.6).
increased so
increased.

the

As the SGPT cut-off level was

proportion of

individuals

under

40

At the cut-off level of 92, under one-third

were under 40, yet at the high cut-off level (>500) over
half were under 40.

"\

Excluding specimens from drug abusers, etc, of over '4000
specimens tested one-third were above the SGPT cut-off
level used. One-third of those were under 40 years, and one
half had SGPT levels greater than 200 and one quarter levels
greater than 500.

Of those over 40 years, approximately

one third had levels greater than 200 and one ninth with
levels greater than 500.
Examination of request cards showed that of the individuals
found to have raised SGPT levels around 13% were from

LIT.001.3500

Table 1 .6 'rbe effect of varying the SGPT
cut-off level according to the ages of
patients

Age Group

under 40
over 40

SGPT Cut-Off Level
>92
>200
>500
417

216

115

864

311

98
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individuals not suffering from jaundice.
this

proportion

various cut-off

remained

constant

Surprisingly

despite

using

the

levels~

DISCUSSION
NANB

In selecting NANB hepatitis

cases it is important to

exclude other causes of hepatitis.

In this thesis cases

were first screened by the use of IEOP and SGPT tests.
Adrni ttedly both tests on their own are not specific for NANB
hepatitis but when they are interpreted in conjunction with
each other many IEOP positives with raised SGPT levels
could well
Certainly

be
the

explained
IEOP test

by

NANB

hepatitis

detected four

times

agent(s).
as many

specimens in those patients with raised SGPT levels (>92)
compared to those below this cut-off level (Table 7 .1).

In

addition the SGPT test enabled all samples to be tested
against a specific cut-off point (92) above which they were
regarded

to have hepatitis and below ·which they were

ignored unless they were IEOP positive.

Certainly had

SGPT tests not been performed, the histories on the request
cards would have been used instead to distinguish hepatitis
and

completely

different

conclusions would have

been

found.
Varying the SGPT cut-off from 92 to 200 or 500 had a dramatic
effect on reducing the number of specimens for further
investigation and therefore the number of potential NANB
specimens (Table 7. 6) •

This reduction was also 1 inked to

patient age as a quarter of· those under 40 still had SGPT
levels greater than 500 whereas only one eighth of those
over 40 had levels in excess of 500.
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Approximately 15% of those under 40 with raised SGPT levels
were explained by known infectious ea uses and half of those
were IEOP positive (Table 7.5)o

Those known infections

not found to be IEOP positive could be explained by being
either very early or alternatively convalescing from their
disease.

It could be argued that on the evidence of HBsAg

negative and IgM anti-HAV negative results that the other
85% had NANB hepatitis, which in this group would be around
175pa, but toxic effects of drugs such as paracetamol may
account for some.

Bacterial infections may account for

others and obstructive causes although uncommon in this age
group can also occur.

Therefore to put an exact figure on

those with NANB hepatitis would be foolish
clinical

details

are

known

and

a

battery

unless all
of

tests

performed.
Perhaps the most striking feature of
overall

study

was

the

number

and

this part of the
variety

of

known

infections discovered by a combination of SGPT and IEOP
testing.

In many instances the SGPT elevation clearly

indicated liver damage and in many laboratories throughout
the world this elevation combined with lack of evidence of
HAV

and

HBV

infect ion

would

"diagnose" a NANB infection.

have

been

s uf f i ci ent

to

The variety of infections

found also illustrated that IK plus SGPT elevation might be
acceptable criteria for infection by a true NANB agent.
Using these criteria would give a figure of 101 potential
NANB cases in the non-high risk group individuals

{all

ages) studied over a three year period, representing 1.6%
of sera tested or 5.4% of those with raised SGPT levels.
Restriction to the under 40 year age group would increase
the percentage of potential NANB hepatitis to around 11% of
those with otherwise unaccountable raised SGPT levels.
Rheumatoid Factor

About one quarter of the IEOP positives were RF positive
( Tab 1 e s 7 . 2 and 7 . 3 ) .

S i n c e t h e I EO P t e s t i s though t to be
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detecting IK, it is not surprising that many of these IEOP
positives are RF positive. Caspary and Ball (1962) and
Bienenstock and Bloch (1966) both found high titre IK in
sera from rheumatoid arthritis patients.

However the vast

majority of RE' positives in the present study were not from
rheumatoid

arthritis

individuals.

patients

but

from

jaundiced

An explanation may be in the suggestion of

Almeida and Griffith (1980} that as well as in rheumatoid
arthritis, RP is found in infectious diseases.
ninfection-related antiglobulin"
represent RF

as

found with

(IRAG)

infection.

was

The term
coined to

Whilst

RF

in

rheumatoid arthritis is detrimental, IRAG is beneficial in
infectious diseases as it can help form complexes and thus
clear

the

invading

organism.

In

some

patients

IEOP

reactivity remained after absorption of RF indicating that
IEOP positivity was not due to RF, but probably to IK.
CMV

CMV infection was a common cause of IEOP positivity.

Not

all samples found to have anti-CMV were tested by IF.
Instead all were treated with protein-A and retested for
anti-CMV with those still positive being tested by IF.
Protein-A anti-CMV tests detected 4 times as many as were
confirmed by IF.

Either the existing IF IgM anti-CMV tests

are insensitive or more 1 ikely, the protein-A anti -CMV test
is not entirely specific.

Certainly positive'\ protein-A

anti-CMV tests were found in some individuals with other
known infections, although it could be argued that these
could have been dual infections.
proportion of

IEOP

positives

Nevertheless such a

showed

evidence

of

CMV

infection that CMV must be considered as a cause of many
supposed cases of NANB hepatitis.

The recent availability

of a commercial ELISA test for IgM anti-CMV confirmed this
view, detecting a further 20 IEOP reactive samples and 2
IEOP non-reactive in the group under 40 years with raised
SGPT levels. The increasing number of CMV cases diagnosed
as each better test becomes available suggests that many
more CMV infections are hidden in the NANB cases.
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Two of the IgM-anti-CMV positives also had high CF titres

( >10 24)

for

measles antibody.

Measles antibodies a re

commonly found in the majority of the population but it is a
little unusual to find such levels of antibody.

However in

both individuals there were chronic SGPT disturbances, and
high

titre

measles

antibodies

has

been

shown

to

be

associated with HBsAg negative chronic active hepatitis
( Ch ristie,

Endr esen

and

Haukenes,

19 82;

Ch r is tie

and

Haukenes, 1983).
Rubella

The I gM anti-rubella positive was quite a rare occurrence,
as Rubella does not generally present as jaundice.

TWo

other samples gave false positive results by Rubazyme-M due
to the presence of RP

Both Rubazyme-M and Rubenz-M can be

o

plagued by false positives due to either RF or IgM anti-EBV
(Cubie and Edmond, 1985).
Atypical HBV

Atypical HBV infections as shown by the finding of IgM antiHBc

in

the

absence

of

HBsAg

were

found

in

several

individuals, not previously known to be HBsAg positive,
emphasising once again the importance of this test.
Testing all sera with

raised SGPT levels for anti-¥Bc

revealed a high prevalence of this marker, considering drug
abusers,

homosexuals

and

haemophiliacs

had

not

been

included in the data from 1982 onwards, although a few were
included

amongst

the

1980-81

data

(Table

7 .4).

One

explanation is that drug abusers or homosexuals may not
have

this

information

recorded on

the

request

cards.

Certainly of those found to have IgM a!lti-HBc, most were in
the 18-25 age group an age where drug abuse is common.
Anti-HBc testing of all those with raised SGPT levels can
prove to be very expensive (current cost approximately £2
per test).

As this study has detected only one individqal

over the age of 40 with IgM anti-HBc and this patient was
IEOP positive, anti-HBc testing of all those under 40 years
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with raised SGPT levels would be more efficient and costeffective, especially when so little acute hepatitis B
occurs in the over 40 s.
The finding of a further 2
individuals who developed hepatitis B 3 months after an
initial

jaundice episode,

possibility

of

dual

illustrates

once

again

the

infection with NANB and HBV {See

Chapter 6).
The fulminant case of hepatitis which was shown to be IEOP
positive, I gM anti-HBc positive and anti-HDV positive was
interesting.

HDV is known to suppress the expression of

HBV markers ( Rizzetto et al, 1984) but this suppression is
unlikely.to have made HBsAg become undetectable.

Dual HBV

and HDV infection can occassionally cause severe fulminant
hepatitis mainly

in

drug

abusers

but

such

cases

are

characterised by large concentrations of HDV in serum
(Rizzetto et al, 1984).

This view was not confirmed by

Shattock (1984) and Shattock et al (1985) who described a
fulminant case in which the only HDV marker was IgM anti-HDV
which appeared just before death.
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CHAPTER 8

GENERAL DISCUSSION
Is it real or an illusion?

think that I shall never see
This virus called non-A, non-B;
A virus I cannot deliver,
And yet I know its in the liver.
I

A virus that we often blame,
But which exists alone by name;
No antigen or DNA,
No little test to mark its way.
A virus which in our confusion
Has forced us into mass collusion
To make exist just by exclusion.
But is it real or an illusion?
H.J. Alter.

This semi-satirical poem of Harvey Alter's written for the
entertainment of an international gathering of, liver
experts, is like many of its type too close to the truth for
the comfort of all working in NANB hepatitis. More than 10
years have passed since NANB hepatitis was ndiscovered".
Thousands of papers have been published on the subject;
numerous tests have been presented to an eager audience
only to fail when subjecteo to thorough investigation; the
infection has been produced in animal models; several
candidate v.iruses have been seen and photographed; there is
still no specific, sensitive test for a recognised agent
~
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{Chapter 2).
In the same time span, Delta agent (HDV) has
been identified, characterised and tests are commercially
available.
Even more recently,
HTLV-III has
been
discovered to be the candidate agent of Acquired Immune
Deficiency Syndrome and tests for anti-HTLV-III are now
obtainable from several commercial sources.

In a related

discipline the agent of Legionnaires disease has been
identified and diagnostic tests are now routine.
NANB be an illusion?

Could

Is NANB hepatitis simply toxic liver

damage by agents known (alcohol, drugs, etc.) or unknown?
While much of the mild (biochemical) type of NANB hepatitis
is more likely a result of toxic rather than infectious
agents, it is difficult to explain the transmission results
in chimpanzees and marmosets on the basis of toxicity.

The

repeatedly infectious carriers reported from the USA are
likewise difficult to explain except as a virological
basis.

In this thesis, the most convincing NANB hepatitis

cases we re seen in drug abusers who subsequently developed
HBV infection (Chapter 6).
ill,

These patients were clinically

often severely enough to warrant hospitalization.

Even the hospital physicians with many years of experience
in HAV and HBV infections were convinced they were seeing an
"infectious n hepatitis.

Admittedly drug abusers use a

variety of substances in their activities, many of which
may cause 1 i ver damage but as was pointed out in ChaptE;r 6,
~

if NANB hepatitis is present in a population, it is most
likely to be seen in drug abusers.
abusers

is

hepatitis.
abusers,

illustrative of

This hepatitis in drug

the whole problem of

NANB

Amongst the episodes of hepatitis in drug

haemophiliacs,

recipients of

blood and blood

products, or even amongst th.e "sporadic" cases, there are
most likely genuine cases caused by a transmissable viral
agent.

The problem is to identifY the needle.

and Western Europe,

ALT(SGPT)

In the USA

levels have been used as

indicators of potential NANB hepatitis.

Two large scale

147

studies

( Aach et

al,

19 81;

Alter

et

al,

1981)

have

demonstrated that screening blood donors for elevated ALT
can reduce but not eliminate PTH caused by NANB agents.
Unfortunately, using SGPT levels as a diagnostic tool can
be compared to using a very inaccurate blunderbuss.

As was

illustrated in Chapter 7, elevated SGPT can occur in many
infections; elevations may be extremely short 1 ived
(Chapter 5) and not a result of chronic or acute NANB
infection. In addition, PTH can result from blood with
normal SGPT levels (Chapter 5). Therefore removing blood
donations e.g. on the basis of elevated ALT may prevent a
potential NANB PTH case but will undoubtedly remove many
donations of no risk whatever to any recipient.
In

this
thesis
been
discovered
that
it
has
irnrnunoconglutinins are present at high concentrations in
acute viral hepatitis as well as many other infections. A
test system, IEOP, originally designed to detect specific
~vidence of NANB agents has been found to be identifying
imrnunoconglutinins (IK), IgM antibodies directed against
bound degraded human complement. It is a conclusion of
this study that detection of IK plus presence of elevated
SGPT/ALT is likely to indicate infection of as opposed to
toxic damage to the liver. As neither of the tests is
specific for any NANB agent ea re must be exe rei sed in
excluding other viral causes of high IK levels.
\
The IEOP test did not detect any of the NANB PTH-implicated
donors as reactive and therefore this test would be
unsuitable for routine testing of blood donors to identify
possible NANB carriers. However in the diagnostic
situation the IEOP test can .detect those with acute viral
hepatitis particularly HAV, HBV, CMV, EBV or even NANB by
exclusion (Chapters 3 to 7). An initial IEOP positive
result once checked to exclude recent infection by any of
the 4 main hepatotropic viruses would indicate a possible
1
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NANB infection.

As indicated earlier the indirect tests

used for anti-CMV and anti-EBV exclusion are not felt to be
as sensitive as the HAV and HBV assay systems which utilise
IgM capture or double antibody sandwich. Therefore it is
thought that some of the possible NANB infections could
still be due to either CMV or EBV. The recent availability
of an IgM capture assay for anti-CMV has shown that some
patients are initially strongly positive but negative 2
weeks later suggesting that IgM anti-CMV can be very shortlasting and if this is true there would obviously be far
more CMV infections misdiagnosed as NANB.
The finding of approximately half of the IEOP positives to
be RF positive (Chapter 7) confirmed the views of
Roggendorf et al (1985) that most NANB hepatitis is
associated with RF activity
The use of polymerised human
IgG to absorb RF from such sera showed that only a few
remained IEOP positive indicating that RF activity
accounted for IEOP activity in some. It should be
remembered that not all RF positive sera were detected by
the IEOP test system as some specimens with >lOOiu/ml RF
activity failed to react by IEOP. Furthermore some of the
RF absorbed sera which continued to react by IEOPwere shown
to be from patients suffering from CMV infections.
0

The IEOP test has certainly been shown to be robust, rapid
and reproducible over a 4 year period. The test
successfully selects sera from individuals usually
suffering from acute viral hepatitis. Three quarters of
all IEOP positives have been shown to be associated with
infections with the 4 main hepatotropic viruses, HAV, HBV,
CMV and EBV (Chapters 3 to 7) leaving around 25% with
probable NANB hepatitis. Proof that the IEOP test could
detect NANB hepatitis came from blind testing of a NIH minipanel with the successful detection of 2 out of 3 samples
proven to be infectious in eh impanz ees (Chapter 3) .
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However it would appear that the IEOP test will not detect
individuals who are NANB carriers (Chapter 5).
Indeed using the criteria of IK detection (by I EOP) plus an
elevated SGPT level, a total of 1441 samples were found to
fulfil
samples,

these

requirements

986 ( 68%)

were

(Table

8.1).

associated

with

Of

the
acute

1441
HAV

infection, 184(13%) were HBsAg positive, 95(7%) were shown
to be suffering from hepatitis due to other known agents
(mainly CMV, EBV or atypical HBV), leaving only 176(12%)
unaccounted by known agents and therefore by exclusion,
probably NANB hepatitis.

Without careful study most of

the 95 with known infections would have been mislabelled as
NANB hepatitis.
Using the combination of SGPT and IEOP tests has allowed
more efficient use of expensive viral diagnostic tests in
all groups of patients sera but in particular those groups
thought to be at little risk of developing viral hepatitis
(e.g. over 40 years of age).
NANB PTH in West Scotland

NANB PTH does occur in west Scotland but only around 3 cases
pa are actually reported (Chapter 5).

Some of these were

only found as a result of this study.

such a poor rate of

NANB PTH compared to that alleged from prospective stti'dies
in the US (Aach et al, 1981; Alter et al, 1981), prompted a
prospective study on West of Scotland haemophiliacs, RDU
patients

and

intravenous

immunoglobulin

recipients.

Although around a quarter of the haemophiliacs had raised
SGPT levels at some time during the study, all those who
were actually jaundiced were officially reported to the
BTS.

In the period of study the haemophiliacs should have

received only Scottish Factor VIII but some with raised
SGPT levels could have eh ronically elevated SGPT levels as
a result of prior infusions with commercial Factor VIII.

Table 8 ..1 suoma.cy of
Group
Acute HAV patients
HBsAg positives

Blood <bnors
Prison
JH

Other
Rand:xn

$PI' and ImP

Nllllber:
Tested

SGPl'

SGP.r>92 &

unaccounted Chapter

>92

IEDP POS

IEDP Pos

1182

1040

986

0

3

622

386

184

0

3
4

5057

49

1'

0

484

1

1'

0

5524

5

0'

0

751

NT

0

0

Transfusion-related
457
Haanof(tiliacs
1760
ROO patients
2frl
RDJ staff
49
ROO relatives
195
IVIg recipients
22
Reported NAm. P'IH
other groups
Drug· abusers
GUM patients
Alcoholics
Others

results on testing the various group:;

5

1

1

7

2"

0

0

0

0

0

0

0

1

0

0

22

4

4

1306

241

18

12

6

223
325

11
66

1

1

6

7

4

6

6385

1871

236

154

7

72

NT=not tested
'=only those with raised SGPI' levels were IOOP tested

"=only 193 ROO ·samples were IOOP tested
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An analogous situation has arisen with HTLV-III, where
anti-HTLV- I I I

development

in

these

haemophiliacs

was

associated with the use of commercial Factor VIII rather
than Scottish material.
Investigation of the RDU and intravenous immunoglobulin
recipients failed to provide evidence for a high rate of
even mild NANB PTH associated with the use of Scottish blood
or blood products.
patients,

Although CMVhepatitis did occur in RDU

NANB hepatitis did not appear to be a major

problem but one patient appeared to develop NANB preceding
a HBV infection {this patient had received a commercial
concentrate in addition to several units of blood).

This

apparent association of NANB followed by HBV was also found
in an individual given a commercial Factor VIII.

Further

such cases were also noted in others, mostly drug abusers,
suggesting that dual infections are not rare.
Overall NANB PTH cases are reported more often than HBV PTH.
As there has been a drama tic reduction in HBV PTH since the
introduction of sensitive HBsAg screening and anti-HBc
screening would reduce this further, it must be assumed
that the NANB infectious blood donor is rarer than the HBV
infectious blood donor found prior to HBsAg screening, but
commoner than the HBV infectious blood donor after allowing
for HBsAg screening.

The current incidence of HBsAg in new

blood donors is around l in 800 (Barr et al, 1981).

_f

Prior

to HBsAg screening around 10 cases of HBV PTH occurred per
annum when approximately 60 HBsAg positive donations would
have been transfused.

Nowadays, there are around 3 NANB

PTH cases per annum from possibly 18 NANB infectious blood
donations

Le&

transfused.

18/100,000

or 0.18

units

per

thousand

This incidence is similar to the 0.1 to 0.2

cases per thousand units transfused which are actually
reported to voluntary blood collection agencies in the USA
(Hornbrook et al, 1982).
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NANB in drug abusers and homosexuals
In Chapter 6 an intensive investigation of drug abusers
revealed

that

infectiono

two-thirds

had

evidence

of

prior

HBV

Indeed although those with raised SGPT levels

(indicating hepatitis) had similar anti-HBc and anti-CMV
prevalences as those with SGPT levels below the cut-off
level, approximately 20% of those with raised SGPT levels
and anti-HBc had IgM anti-HBc indicating a
infection.

recent HBV

A 5% figure was calculated for the percentage

of acute HBV infection presenting with HBsAg negative
jaundice.

This figure was identical to that obtained by

Hoofnagle (1981).

Many of those individuals in the 5%

figure were reported to the Greater Glasgow Health Board as
cases of NANB hepatitis.
assuming

any

HBsAg

This highlights the danger in

negative

IgM

anti-HAV

negative

jaundiced individual has NANB hepatitis without further
checking firstly for anti-HBc, then for IgM anti-HBc if
positive and also checking for evidence of recent CMV or EBV
infection.
Als.o within the drug abuser population there were a number
of instances of NANB followed 2 or 4 months later by acute
HBV infection, demonstrating that there is a possibility of
two infections being transmitted at the same time with NANB
having a shorter incubation period than HBV.
If

'·

raised SGPT levels together with unexplaihed

IEOP

positivity indicates NANB hepatitis then around 5% of drug
abusers with raised SGPT levels appeared to be suffering
from NANB hepatitis.

Using the same criteria no such

person was found amongst the GUM clinic patients tested
indicating that homosexuals were not suffering from NANB
hepatitis.

On

the

other

hand anti-CMV

prevalence

in

homosexuals was significantly greater than age-matched
blood

donor

controls.

A

similar

higher

anti-CMV

prevalence was found in New York homosexuals ( Ikram, Prince
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and

Baker,

1983).

Thus

if

hepatitis

did

occur

in

homosexuals and it is found to be not due to HAV or HBV then
CMV is the next most likely cause.

Why should anti-CMV

prevalences be so high in homosexuals and RDU patients?

It

can only be postulated that as both groups are presenting
with urinary tract problems and that CMV is known to be
excreted in urine then there is a possible association of

CMV with their problems.
Characteristics of NANB agents

Unfortunately a NANB agent has not been isolated, cultured
or found on electron microscope examination within this
study.

However a number of

characteristics have been

found:1) NANB agents appear to be mainly transmitted parenterally
rather than by other routes.

Evidence for this mode of

transmission comes from the incidence of NANB hepatitis in
drug abusers {Chapter 6) and haemophiliacs (Chapter 5) as
well as PTH cases (Chapter 5).
2) The incubation period of NANB agents appear to be around
7 weeks (Chapter 5).
3) Acute NANB hepa ti ti s can be suspected by the finding of
raised SGPT levels together with the finding of IK antibody
in the IEOP test {Chapter 3), after exclusion ~f recent
involvement of the 4 known hepatotropic agents.

It is

assumed that the IEOP test cannot detect individuals who
are chronic carriers of NANB hepa ti ti s (Chapter 5) .
able to detect such individuals a sensitive,

To be

specific

reproducible test system is. still awaited.
4) Other agents apart from HAV, HBV, CMV and EBV can ea use
hepatitis, albeit very rarely.
measles

have

all

been

Coxsackie B, rubella and

associated

with

hepatitis within this study {Chapter 7).

apparent

NANB
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5) Chronic hepatitis following NANB infection does not

appear

to

be

common

as

shown

in

drug

abusers

and

haemophiliacs (Chapters 5 and 6} although some will also
develop HBV.
6) A possible 1 ink of NANB with HBV (similar to HDV and HBV)
is possible as over 20 cases of dual infection have been
noted (Chapter 6}.
7) NANB may be relatively new as no jaundice episode prior
to 1954 could be directly attributed to NANB (through lack
of HAV or HBV antibodies)

(Chapter 4).

Failure to produce a specific test
This study, in common with countless others over the past
decade, has failed to provide a specific test for a NANB
agent.

Why should this be so difficult?

Firstly,

it

virologists
producing

should
were

be

with

remembered
HBV.

This

enormous quantities

of

just
was
a

how
a

fortunate

unique

virus

specific antigen,

HBsAg, present in the blood for weeks in the acute infection
and for years in the chronic.

Antibody to this antigen was

present at high titre in immune individuals.
smiled on virologists once again with HAV.
antibody of IgM class was produced as soon as
became jaundiced.

Good fortune
High titre
th~

patients

I

The well-known familial spread of this

infection allowed stool specimens to be collected in the
prodromal stage of infection when virus excretion is at a
peak and thus facilitated identification and purification
of the virus.

Maybe NANB agents are in no way unusual.

Unique antigens are not produced in excess - only a small
number of particles are present in the blood in acute and
chronic infections.

The antibody response to the antigens

is poor and thus simple techniques to demonstrate antigenantibody reaction between acute and convalescent sera do
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not work.

The agents produced no cytopathic effect in

standard cell cultures.

Given these negatives, failure to

produce a specific test would be predictable.

This lack of

a test system has decimated the literature reports of NANB
studies in the past few years as virologists have focussed
their attention and expertise on more fruitful areas.
However, the problem has not been forgotten and when new
discoveries or techniques are published the NANB specimens
are retrieved from the deep-freeze and hope springs again,
as

exemplified

by

the

current

transcriptase in NANB infections.

interest

in

reverse
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Using an immunoelectrophoresis test, antigens and antibodies have been identified in sporadic
cases of non-A, non-B hepatitis in haemophiliacs, renal disease patients and post-transfusion
patients. Although an antibody has been found in S-10% of such cases it is not found
commonly in blood donors. The antibody is transient, possibly suggestive of it being directly
involved in acute non·A, non-B hepatitis.
Key words: hepatitis, viral, human; antibodies, viral.
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The Glasgow and West of Scotland Blood Transfusion Service, in conjunction with the
Hepatitis Reference Laboratory at Ruchill Hospital, Glasgow, instituted in 1980 an investigation into non-A, non-B hepatitis in west Scotland. At that time evidence for the existence
of non-A, non-B infectious agents in the region came from three main sources: (i) cases of
post-transfusion hepatitis where hepatitis B virus could not be implicated; (ii) sporadic cases,
known to be negative for hepatitis A and B viruses; and (iii) episodes of jaundice in haemophiliacs who already had existing antibody to hepatitis A and B viruses. It was thought
possible that at least some of these cases could be due to non-A, non-B virus or viruses.
Stored sera were available from many cases and initially a search was made for any unusual
antigens or antibodies present, either during or after the hepatitis episode. This paper reports
our findings and illustrates the problems encountered in searching for a marker of an
unknown virus.
Materials and Methods
The first technique tried was immunodiffusion (ID). Weak lines were obtaine~ using haemophiliac sera as a source ofantibody but although specific, ID is known to be both insensitive
and consuming in time and reagents, and we considered it unsuitable for large scale testing.
An immunoelectro-osmophoresis (IEOP) technique 1 had been introduced in 1970 for
HBsAg and anti-HBs screening of blood donors in the west of Scotland, and this has also
been used successfully for screening plasma for high levels of anti-tetanus 2 and anti-diphtheria
antibodies. Using this technique the samples which gave weak lines in ID were further tested
.by IEOP, and after 1.5 h good strong lines were obtained showing that some specimens
*Presented at a Hepatitis Winter Workshop, Edinburgh, 8 January 1981.
0308-3616/81/040359 + 05 $01.00/0
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TABLE 1

Prevalence of antibody against FR·antigen in various population groups
Category

Number of samples
tested

Number with
antibody (%)

35
404

66 (16.3)

Renal unit patients
Hepatitis patients
History of hepatitis-jaundice
Alcoholic liver disease
Blood donors

54

67
1126

0 (0)

4 ( 7.4)
1 ( 1.5)
0 (0)

contained an antigen and others reacted against it. It was found possible to adapt the early
system of screening for HBsAg and its antibody 1 to screen all specimens in the present
investigation for antigen and antibody simultaneously.
Early in the testing programme it was realised that some of the lines produced were non·
specific. In addition, IgG zoning appeared between the wells, sometimes masking weak (but
true) precipitation lines. To overcome these problems various agarose preparations were
tested. Indubiose, 3 Litex, 4 Miles 5 and Gibco6 preparations all produced non-specific lines,
but one bottle of BDH agarose 7 purchased some years before produced no IgG zoning and
the precipitation lines appeared specific. This agarose was used for all the tests reported here.
Early in 1980 a ,large sample of serum was obtained from a patient (FR) who had
developed post-transfusion hepatitis about 6 months earlier. Tests showed that none .of
hepatitis A, hepatitis B, cytomegalovirus (CMV), nor Epstein-Barr (EB) virus were involved.
In the lEOP tests the serum of FR appeared to have an unusual antigen when tested against
haemophiliac sera. The volume of serum available allowed extensive testing of population
groups to discover the prevalence of antibody to the FR antigen.
Results
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Prevalence of antibody to FR antigen

Prevalence of FR·type antigen

From 46 haemophiliacs 167 sera were examined for the presence of antibody against FR.
Only 10 (16%) samples were found to have antibody. These positive samples were from four
(9%) haemophiliacs, each of whom had three known episodes of jaundice. Three of the
episodes were caused by acute hepatitis B infection but the remaining nine could not be
correlated with any known infectious agent. The appearance of antibody in these patients
appeared to coincide with an episode of jaundice (Fig. 1). Generally, antibody to FR antigen
was not detected before jaundice, usually only during the episode of hepatitis, and normally
became undetectable (in our system) on recovery of the patient.
A number of other population groups were tested against the antigen FR, and the results
are shown in Table 1. Renal dialysis patients are receiving increasing numbers of blood trans·
fusions, and in 3 5 such patients tested against FR antigen, no antibody was detected.
Hepatitis is uncommon among renal patients in Glasgow but one episode occurred in a
female patient in 1980. This patient was negative before the hepatitis episode but had
antibody against FR during the hepatitis. Her antibody became undetectable shortly after
her SGPT levels returned to normal, approximately 4 weeks after onset of jaundice.
A total of 404 specimens from patients with clinical evidence of hepatitis attributable to
neither A or B virus were screened against FR antigen. From 53 different patients 66
specimens (16.3%) had demonstrable antibody. The patients ranged in age from 8 to 84
years, with a male/female ratio of 3:2. Sufficient serum was available from 55 specimens to
allow SGPT tests. Over 60% of the patients with antibody had elevated SGPT levels, with
50% having over twice. the upper normal limit and 8% over four times that limit.
A retrospective study was carried out on patients who gave a prior history of hepatitis or
jaundice. Sera were available from such patients in 1978-79 which were known to be
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Fig. 1. Haemophiliacs tested for antibody. Hundred and twenty samples from 42 other haemophiliacs
proved to be all negative.

negative for both anti-HBs and anti-HA V, and whose hepatitis episode was therefore unlikely
to be a result of infection by A orB virus. Tests on 54 such sera showed only four (7.4%) to
have antibody to FR antigen.
As the antibody to FR antigen appeared to be more common in liver disease patients a
series of 67 patients with diagnosed alcoholic liver disease were screened. Only one weak
positive result was obtained.
To find the prevalence of this antibody in the normal population, sera from 1126 blood
donors from the west of Scotland were examined, and all were negative.
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Several antibodies detected by the FR antigen were used to screen patients with liver
problems for antigen of the FR type. Approximately 70% of these patients showed evidence
of a circulating antigen, using the IEOP test system. Overall, a comparable prevalence of
FR·type antigen was found in blood donors, varying from 32-100% depending on the
antibody used (Table 2) - although it should be noted that many of the precipiting lines
were very weak. Only one donor out of 516 tested for SGPT had a level over four times the
upper limit of normal, and only seven (1.35%) had a level of more than twice the upper
limit. The donor population used included 3 52 prison donors, among whom hepatitis B
infection is much more common than among the ordinary blood donor population, 8 and
among whom it was expected that markers of non-A, non-B hepatitis might also be more
common (Table 3).

Stored specimens
The presence of FR-type antigen was readily detected in fresh blood donations or in fresh
sera from patients with liver problems. Examination of blood donor sera stored for 6 months
or longer at+ 4 or- 20°C showed a dramatically reduced incidence. A similar low incidence
was noted in other groups of sera stored for at least 6 months. Heat inactivation of frbsh sera
at 5 6° C for 30 m in produced no reduction in the incidence of antigen in fresh sera or in the
strength of the precipitin lines.

Multiplicity of antigen-ant-ibody systems
An experiment was conducted in which the edge-to-edge distance between the wells in
the IEOP system was increased in steps, from the normal distance of 5 to 25 mm. As the
Med Lab Sci (1981) 38
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TABLE2
Prevalence of FR-type antigen in blood donors
Screening antibody

J.C.
G.McL

Fehr

HO

(Haem)
(Spor)
(Spor)
(P.T.H.)
(Spor)

]. Mur
M.S.
J.Mul

Number with
antigen(%}

Number tested

35 ( 32)
10 (lOO)
295 ( 59)
149 ( 73)
104 ( 75)

10
500
202
139

Category

Number tested

Prison donors
Other donors

352
164

8
1

cons

Total

516

9

Micr

Units are"·sigma~Frankel (SF) units per m!.
100 SF U/ml = 48 i u/1.
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Fig. 2. Result of IEOP test in which sample TW (antigen) is tested against sample JI (antibody) whilst
varying the distance of the antibody well from the antigen well.

separation increased, two different precipitin lines became clearly apparent in some tests
(Fig. 2). It is likely, therefore, that neither the FR antigen -nor the antibodies detected
against it- are monospecific, and that several antigen-antibody systems may exist.
Discussion
Results obtained so far from sera associated with unexplained hepatitis have demonstrated
the presence of an unusual antibody in a proportion of such patients. This antibody is not
present in normal blood donors, has appeared in the acute phase of hepatitis episodes in
haemophiliacs and one renal patient, is present in 16.3% of patients with hepatitis, but is
absent from patients with alcoholic liver disease. An antigen (or antigens) specific for the
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antibody is apparently widely distributed in the population. Because of i.ts distribution it is
unlikely that this antigen-antibody system is associated with a non-A, non-B virus, although
it does appear to be associated with some form of liver disease. Whether the antigen is indeed
'foreign', or whether the antibody is formed as a result of some auto-immune reaction, must
await further investigation.
A hepatitis related antigen (HRA) and its corresponding antibody (anti-HRA) associated
with non-A, non-B hepatitis have been reported by Neurath et al. 9 Of ten specimens containing antibody to FR antigen which have been examined by Dt Neurath, only two gave
evidence of anti-HRA in a radio-immunoassay test, both patients having had prior transfusions. As our own evidence indicates that the antibody to FR antigen is polyspecific it is
possible that some of our antibody-containing sera do contain anti-HRA as well as other
antibodies. Hepatitis is a complex disease caused by a variety of agents, and often characterised by grossly abnormal serum immunoglobin levels. It is not surprising that a search for
unusual antigens-antibodies in such a condition should reveal more than one new system.
The present work illustrates the many problems of searching for a new infectious agent in
a disease as complex and diffuse as hepatitis. The index case of non-A, non·B hepatitis is
usually in a haemophiliac, drug-abuser, or post-transfusion patient who may have developed
jaundice as a result of a transfusion or a toxic reaction, and not from infection by an
unknown agent. Only transmission experiments in chimpanzees can demonstate the presence
of an infectious agent. Serological techniques can identify unusual antigens and antibodies,
but only a small proportion of these may be markers of unusual infectious agents.
We thank Dr A. R. Neurath for testing specimens for HRA and anti·HRA. Our study was supported
from a grant from Scottish Hospitals Endowments Research 'I" rust.
References

)

1.

0

)

"E

5
IQ

g

*

6

2.
3.

4.

5.
6.
7.

20

8.
9.

Milne, G. R. & Barr, A. A rapid method for testing blood for hepatitis associated antigen and antibody using counter-current electrophoresis (immunoelectroosmophoresis) in agarose gel. Sterilin
Technical Bulletin, No. 1, 1971.
Barr, A., Dow, B. C., Watson, W. C. & Hunter, E. Detection and guantitation of tetanus antitoxin in
blood donations.} Clin Pathol, 1975, 28, 969-71.
fndubiose. Supplied by Uniscience, 8 Jesus Lane, Cambridge CB5 8BA, England.
Litex. Supplied by fnternational Enzymes, Hanover Way, Vale Road, Windsor, Berks SL4 5NJ,
England.
Miles Laboratories Ltd., PO Box 37, Stoke Poges, Slough SL2 4LY, England.
Gibco Europe Ltd., 3 Washington Road, Abbotsinch Industrial Estate, Paisley PA3 4EP, Scotland.
British Drug Houses Ltd., Poole, Dorset, England.
Barr, A., Houston, S., MacVarish, I., Dow, B. C., Mitchell, R. & Crawford, R. J. Hepatitis B virus
markers in blood donors in the west of Scotland. Med Lab Sci, 1981, 38, 405-7.
Neutath, A. R., Stcvens, C. E., Strick, N., Szmuness, W., Oleskow, W. R. & Harley, E. J. An antigen
detected frequently in human sera with elevated levels of alanine aminotransferase: a potential
marker for non-A, non-B hepatitis. 1 Gen Viro/, 1980, 48, 285-95.

(antibody) whilst

t in some tests
)Qdies ·detected
exist.

~ demonstrated
antibody is not
:itis episodes in
1epatitis, but is
>pecific for the

Med Lab Sci (1981) 38

LIT.001.3557

Proceedings lnt(!nUJtUmaf Hepa1iris Workshop,
avaz1ahle from Nuclear Emerprises Limited, Edinburgh, Scotland.

A rapid technique to aid the detection ofigM anti-HA V
B. C. DOW,* E. A. C. FOLLETT,** and R. MITCHELL*
*Glasgow and West of Scotland Blood Transfusion Service, 80 St Vincent Street, Glasgow G2 SUA,
Scotland.
**Hepatitis Reference Laboratory, Ruchill Hospital, Glasgow G20 9NB, Scotland

Summary
Using an immunoelectroosmophoresis (IEOP) test antibodies have been found in 89.5 percent ofigM antiHA V positive sera. Unfortunately, the IEOP test is not entirely specificfor hepatitis A but detects antibody in
other infections including hepatitis B, Epstein-Barr virus and mycoplasma pneumoniae infections. The
antibody detected appears to be of I gM class and is thought to be directed against a particular C3 phenotype
breakdown product.

Introduction
In the search for antigen/antibody markers for Non-A, Non-B hepatitis an antibody was found in certain
jaundiced patients, 1 but only one blood donor of 1653 screened possessed this antibody. Using IgG
preparations from sera positive for antibody by IEOP, a solid phase radioimmunoassay (RIA) test was
developed to test for antigen to replace our standard antigen (FR). The majority of positives in RIA reacted
against a panel of antibody positive sera and these antigen positives formed the basis of the IEOPtestreported
in this paper.
Hepatitis A infections are currently more common in W. Scotland than hepatitis B. If this trend continues,
and is true elsewhere, diagnostic laboratories will be inundated with requests to perform more hepatitis A
tests. The use oft he IEOP test described could aid these laboratories to select, more efficiently ,specimens for
hepatitis A RIA testing.

Materials and Methods
"In-house" Radioimmunoassay test
Crude IgG preparations of antibodies against the FR antigen were used to coat 6.4mm diameter
polystyrene beads.', 3 Radioiodination of purer lgG preparations were performed using the method of
Hunter and Greenwood. 4 The radiolabelled material was adjusted to approximately 250,000cpm/ml by
dilution in phosphate buffered saline pH7.2 containing 33 percent normal rabbit serum.' Test specimens
(200pl) were incubated with the beads in reaction trays~ for 2 hours at 45°C {plasma specimens were
incubated overnight at room temperature), washed five times with 5 ml distilled water and 200pl of 121 !labelled antibody added. After incubation for 1 hour at 45°C the tests were washed and transferred to
counting tubes for counting in a gamma counter. Counts exceeding I .5 times the mean of 3 negative controls
were considered as positive. A specimen from FR, which had been ammonium sulphate precipitated and
pepsin digested acted as the positive control. The best ratio obtained was 8.5.

IEOP test
IEOP was performed as previously described, 1 except that the plates were made with 1 percent LitexLSA
agarose.6 Some plates were made incorporating 2mM EDTA but this did not inhibit the formation of
precipitin lines.
25
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Hepm

S G PT tests were performed using a corn mercial kit. 1 Only sped mens with levels greater or equal to 92 SF
U/ m! were considered to have elevated SG PT levels. Hepatitis RIA forthe detection ofigM anti-HAV was
performed using the commercial Havab-M test. a
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Table l shows the results of testing sera from jaundiced patients and blood donors. Of 325 samples from
patients with hepatitis or jaundice 46 positives were obtained in this RIA test. The majority of these 46
pos irives also reacted as antigens by IEOP. However, only two positive results were obtained on screening 655
blood donors in the RI A test, both positives were fro m samples which had been stored for over six months but
only one reacted as an antigen by IEOP-a plasma sample from a donor involved in a presumed case of posttransfusion Non-A, Non-B hepatitis.
TABLE 1

Results of "in-house" RIA tesr for antigen ro be wed in !EOP.
Samp}es
1

"" patients
Jaundiced
Blood donors

Number
tested

Number
RIA Positive

Number also positive
by IEOP

325
655

46 (14.2%)
2 (0.3%)

33 (10.2%)
1 (0.15%)

TABLE 2

Resulls of resting selected pau"ents sera by JEOP.
Number
tested

Number
Positive

IgM-anti-HAV positive
HBsAg positive
Others

247
42
1371

221 (89.5%)
13 (31.0%)
107 ( 7.8%)

Total

!660

341 (20.5%)

Type of Sample

JEOPrest
The antigens detected by the "in-house" RIA test which also reacted by IEOP were used toscreenrourine
specimens received at the Hepatitis Reference Laboratory for. antibody. After screening a small number of
samples it was soon noticed that the specimens which reacted as antibodies were also I gM anti-HA V positive
as determined by RIA (Havab-M). Antibody-reacting sera not tested by RIA (Havab-M) were set up and a
large proportion were found positive. Table 2 illustrates the results of screening 1660 samples over a period of
10 months.
Hepmitis & Of247 IgM anti-HA V positive samples the IEOP test system detected 221 (89.5 percent)as
antibodies, whilst the remainder did not react. Ten of the 26 samples missed had normal or nearly normal
SGPT levels and could thus be considered as being samples either from anicteric patients or from patients
who had been jaundiced a month or so previously. All26 samples missed by IEOP had RIA counts less than
the positive control provided with the kits and 10 in particular had counts oflessthanhalfthe positive control.
Clinical details of the 26 patients concerned showed that 14 were jaundiced, but 6 ofthem had been jaundiced
for over 4 weeks; a further 4 were follow-up samples at least 2 weeks after being originaly found positive; the
remaining 8 patients were not considered jaundiced-one was a spouse and 4 were sibs of other known
positives.
Four patients have shown seroconversion in the IEOP system whilst remaining positive fo< IgM antiHA V (Table 3). All4 patients were IEOP positive when originally found to be I gM anti-HAV positive, but by
as little as 3 weeks all failed to react by IEOP.
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Hepatitis B: IEOP testing of 42 HBsAg positives revealed only 13 positives. Of those I 3, 8 had been tested
for HBe status-5 were HBeAg positive whilst 3 were anti-HBe positive. One patient was interesting. This
patient was found HBsAg positive whilst still having a normal SGPT level and had not yet developed antiHBc: At this time his serum sample failed to react by IEOP, but subsequent samples at 5 and 7 weeks were
positive by IEOP, and showed elevated SGPT levels and were anti-HBc positive.
Other positives. Oftheother 1371 sera tested by IEOP, !07producedpositiveresultsontestingbyiEOP.
Further investigations on the positive sera revealed that approximately half had normal, or nearly normal,
SGPT levels, whilst the ocher half had elevated SGPT levels. Twenty-five IEOP positive sera were tested for
mycoplasma antibodies by complement fiXation (CF) and 1 was found to have a titre greater than 1024. Of59
sera tested for ant[-HBc8, 7 were positive and 1 of the 7 was shown to have IgM anti-HBc indicating a very
recent infection with hepatitis B. Another sample was from a patient who was known to have been HBsAg
positive one month previously. Of 5 samples which agglutinated aldehyde-treated horse red cells 9, 3 were
shown to have EBV IgM antibodies (kindly performed by the Regional Virus Laboratory, City Hospital,
Edinburgh). A further 3 sera agglutinated C3b4b or C3d4d coated human red cells but not uncoated red cells
suggesting that they contained anti-Complement activity. Investigations are proceeding on the remainder.
A panel of 39 sera known to have high CF titres for various infections including mycoplasma pneumoniae
(20), measles (4), varicella/zoster (4), adenovirus (3), influenza A (3) and B (1), herpes simplex (2) and
psittacosis (2) was also tested by IEOP. Ten positive results were obtained-all were mycoplasma
pneumoniae positive.
TABLE 3

Results of testing follow-up samples from 4 acute hepatilis A pmienrs.
All samples were !gM anri-HA V positive.
Time
(days)

SGPT
level

IEOP
result

KM

0
23
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0

>125

24

44

38

21

Positive
Negative
Negative

0
79

>125
65
35

Positive
Negative
Negative

109

Characteristics of the IEOP antibody
The antibody appears to be of I gM class as it is destroyed by dithiothreitol treatment but is not absorbed by
Protein A. Antibody activity is present in some sera stored for over a year at 4 °Cor -20° C. Some positives, on
repeat testing after several months storage at 4°C, failed to react or were very weakly positive compared to
their original results. Two samples from I gM myeloma patients and otherspecimens with elevated Igi\;1 levels
failed to react in the IEOP system suggesting that the reaction in IEOP is not simply due to high I gM levels, a
well known feature of hepatitis A infections.
Nature of the IEOP antigen
Antigens for use in IEOP were originally found by the "in-house" RIA test, but a more convenient method
was to use IEOP positive, IgM anti-HA V positive sera to screen sera by IEOP (Table 4). The antigenic
activity appears to be associated with storage as 376 fresh blood donor sera failed to react as good screening
antigens. However, of 88 donor plasma specimens kept at 4°C for I to 6 weeks 17 (19.3 percent) reacted as
suitable antigens but only a few of their corresponding serum samples reacted. Of99 patient's sera stored for l
year at 4°C, 8 (8.1 percent) reacted as suitable screening antigens, whilst 12 (4 percent) of 305 similar sera
stored for 2 years, reacted as antigens.
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The antigen appears to be associated with the third component of complement(C3) as it is absorbed by an
affinity column containing anti-human C3, and andgenic activity was present in the eluate. Two-dimensional
IEOP showed that the antigen is a Beta-globulin. 11 percent PEG treatment of antigenic reactants left the
activity in the supematant (similar to C3d), but not all specimens with high C3d levels reacted as antigens.
Hearing antigen reactants for 30 minutes at 56°C did not affect activity.

2.
3.

4.

5.
TABLE 4

Resulu of screening various sample; for amigenic activiry suitable for use as screening reagems to detee~
IEOP antibody. All stored specimens had been kept ar 4°C and 1»ere screened againsr an !EOP posi<ive
!gM anti-fiA V positive sample.
Type of sample
Jaundiced patients sera
Jaundiccd patients sera
Blood donor sera
Blood donor plasma

Age of
Samples

Number
tested

Number
suitable

2 years
I year

305
99
376

12(3.9%)
8(8.1 %)
0
1709.3%)

l day
1-6 weeks

88

Discussion
The IEOP test for antibody detects the vast majority of acute hepatitis A patients when they are actually
producing symproms of jaundice or grossly elevated liver function tests. As IEOP only takes 1.5 hrs to
perform it provides a rapid inexpensive preliminary test to identify potential acute hepatitis A infections. In
the 10 months of use it has detected numerous samples which would not normally have been included in the
hepatitis A RIA routine. These samples include many in the older age group (over 40 yrs) who are not
normally tested for hepatitis A unless specifically requested, as around 80 percent of this age group already
possess immunity. 10 However, the testis no substitute for the RIA (Havab-M) test as it is not entirely specific
for hepatitis A. Perhaps the recent increase in hepatitis A infections in W. Scotland has accounted for more
acute hepatitis A specimens being reactive than all the other possible infective causes of jatmdice.
It has also been shown that the test detects antibody in a proportion ofHBsAgpositive samples and patients
with mycoplasma pneumoniae or Epstein-Barr virus infections. The remaining specimens which have
reacted may include some patients with an auto-anti-C3 or even Non-A, N on-B hepatitis, but investigations
have still to be completed.
The nature of the antigen appears to be a C3 breakdown product which is present in a proportion of stored
plasma/sera, suggesting that it may be only found in people who have a particular C3 phenotype. The
antibody is of lgM class and is nor long-lasting, being produced in hepatitis A patients mainly at the time of
jaundice. Our original IEOP test 1 was probably detecting similar antibodies and antigens, but many of the
antibodies no longer react. This may be explained by C3 degrading in the sera and neutralising the antibody.
Although Lindgren and Eriksson 11 have described I gM in association with C3 in patients with primary
biHary cirrhosis (PBC), no known PBC patients have been IEOP tested in the present study.
Use of the IEOP test should allow a more efficient service for those laboratories who have fmancial
difficulties in performing RIA tests for hepatitis A. The other positives are an interesting group as they may
include atypical HBV, EBV and mycoplasma pneumoniae infections and possibly some Non-A, Non-B
hepatitis infections, but investigations including (particularly) CM V I gM tests remain to be performed on the
limited volumes of sera available.
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