
PEN.017.0831 

i i e f - 1 0  u ° i  

H E P A - f i - r  f s ,  t j p  »J-

<)ui *VO"< y -S< ^ A. I <V<̂  L - T !  U K Transfusion Medicine 1992, 2, 301-3!0 

U.K. multicentre study on blood donors for surrogate 
markers of non~A non-B hepatitis. Part I: 
Alanine transferase and anti-HBc testing 
N .  A .  B ,  Anderson,  A. Raafa t* ,  K ,  H .  Shwef ,  J ,  Barbara*, M .  Contreras*, L D .  Ftaser ,  
K A p .  Gunson f* ,  y . M a r l l e w f ,  V. Mijovic*, D .  J .  GoldieJ,  C, J.  Seneviratne§, A .  Bendle*, 
M .  B r i g g s f  a n d  K P a v e r 1 5 *  Regional Trmsfvsion Centre, Bristol, * North London Blood Transfusion Centre,' 
tRegional Transfusion Centre, Manchester, tSoutlmead Hospital, Bristol, ^Manchester Royal Infirmary, *NBTS National Directorate, 
Manchester, f Department Medical Microbiology, Uniaerslty College and Middlesex School of Medicine, London and 
*" Public Health Laboratory Stroke, Manchester, U.K. 

Received 4 October 1990; accepted for publication 29 May 1992 

4 - ' o  i + o  

Unique Number 
10119 

SUMMARY. Blood, samples from 9,215 blood donors  in 
three U . K .  centres (North  London, Bristol a n d  Man
chester) were tested for  their alanine aminotransferase 
(ALT) level and  the presence of  anti-HBc and  anti-
HCV,  This paper  presents the results o f  the-ALT and . 
anti-HBc tests. The  prevalence of ALT.  > 45  IU/1 was 
3 T %  overall (North  London 3'06%, Bristol 4*56% 
and  Manchester '  1-97%). Manchester results were 
skewed by  the methodology used f o r  A L T  measure
ment, highlighting the need for s tandard test methods. 
Anti-HBc was detected using the Wellcome enzyme-
immunosorbent  assay (BIA) a n d  confirmatory testing 
was  performed using a radioimmunoassay (RIA)  and 

the Corecell haemagghitination assay. Repeat reactive 
rates were 0-9, 0-79 and 0-94% for  Nor th  London, 
Bristol and Manchester, respectively, with a n  overall 
rate o f  0*9%. T h e  confirmed positive rate was 0*73, 
0-53 and 0-65% for  the three centres with an  overall 
rate of 0-63%, Donor s  with ait A L T  > 45 IU/1, o r  with 
confirmed anti-HBc, were interviewed with a medical 
questionnaire for  risk factors. T h e  major  contributing 
factors in donors  with a raised, A L T  were alcohol 
consumption a n d  obesity. 

Keywords; alanine aminotransferase, anti-HBc, Wood 
donors. 

TM subject of testing blood donations for  surrogate 
markers, of  non-A, non-B hepatitis (NANBH)  is 
controversial.- In  the tL'S.A. in 1986 the ; FDA recom
mended that  all Wood donations should be  screened 
for  alanine-amino transferase (ALT) as  a surrogate ' 
marker  f o r  N A N B H ,  and the American Red Cross 
initiated a screening programme. In' 1987 the Ameri
can Association o f  Blood-Banks reaffirmedits decision 

. t o  require A L T  and anti-HBc testing on  ai l ,blood 
donations (American Association of Blood Banks, 
1987). Prior to  the introduction o f  universal screening 
of blood donations,  prospective studies in the -USA 
had  shown a correlation between the presence of anti-
H B c  in  blood donations and the risk o f  transmitting 
N A N B H .  (Stephens et al,, 1984; Koziol  el at,, 1986). 
However, this correlation was n o t  found in a recent 
study f r o m  the  Netherlands (Reesink etal., 1988), T h e  

Correspondence: Dr N. A, 8. Anderson, South West Regional 
Transfusion Centre, Soulhnwad Road, Bristol BSI0 56ND, U.K. 

main consideration for  adopting A L T  screening had 
emerged from the Transfusion Transmitted Viruses 
(TTV) study (Aach  et al., 1981) and  'from a n  evaluation 
of patients w h o  underwent open heart surgery and  
blood transfusion at  the National Institute'of Health 
(NIB)  Clinical Centre (Alter et al., 1981). The  T T V  
study showed tha t  45% o f  recipients o f  a t  least one unit  
of Mood with an  elevated A L T  { > 60 HI/1) developed 
NANBH.'  

Similarly the  N I H  study demonstrated that 29% o f  
the recipients o f  units with an  A L T  activity greater 
than 53 IU/1 developed N A N B H ,  T h e  T T V  and N I H  
studies were bo th  undertaken in the 1970s, before the 
introduction'of more  stringent donor  deferral policies, 
including self exclusion of donors'at- risk of H I V  
infection, which might have contributed to a reduction' 
in the incidence o f  P T H  (Alter, 1989). 

Although N A N B H  has traditionally been regarded 
as  a diagnosis o f  exclusion, this situation may change 
as  a result o f  the availability of  a n  assay for  antibodies 
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to the hepatitis C virus (HCV) (Alter, 1989; Choo  etal., 
1989; Kuo  et at, 1989; Bsteban et al,, 1989; Editorial, 
Lancet, 1989; Ktihiil et ah, 1989; Van der Poel et al., 
1989). Prior to  this, testing of blood donations for 
surrogate markers of NANBH was the only means of 
reducing the incidence of P T H  and,  in view of this, 
Alter supports the retention of ALT testing (Bsteban et 
al, 1989). Van der Poel et al. showed a n  association 
between HCV sefopositivity, raised ALT levels and the 
transmission of NANBH, and they emphasized the 
importance of excluding blood donations with raised 
A L T  (Van der Poel et al,, 1989). 

Before any decision is made in the U .K .  t o  discard 
blood donations with raised ALT or anti-HBc, more 
information is required. 

This includes the determination of rates and an 
assessment o f  the aetiological factors contributing to  
elevated A L T  values and anti-HBc positivity among 
the current U.K.  donor population. Apart from data 
f rom the east of Scotland (Gillon et al., 1988) and 
north London (Mijovic et al., 1987) such information 
is no t  available. Our multicentre-study of surrogate 
markers in the blood donors was conceived before the 
introducton of the tests for  anti-HCV, and the design 
was then modified to incorporate these new assays. 
The original aims of the study, however, still pertain. 
The following parameters were investigated. 

1 The incidence, possible aetiology and relevance of 
raised ALT activity ( > 4 5  IU/1). 
2 T h e  prevalence of anti-HBc. 
3 T h e  prevalence and significance of anti-HCV. 

The study will be reported in two parts. This  first part 
reports the findings on ALT and anti-HBc testing, and 
the second part will present the results of different anti-
H C V  tests. ' 

M A T E R I A L S  A N D  M E T H O D S  

Three Regional Blood Transfusion Centres (RTCS) 
participated in this study: North London, Bristol and 
Manchester, with North London a s  the po-ordinating 
centre. Approval was obtained from the appropriate 
ethical committee for each Transfusion Centre. Blood 
donor sessions at  each centre were selected-to represent 
a mix of'Industrial ' ,  "Public" and 'College* donors. Ait 
donors at- each session were provided with a leaflet 
requesting their - participation and giving them the 
relevant details. An additional blood sample of  10 ml 
was obtained f rom the bleed line a t  the time of the 
donation, and collected into glass o r  plastic tubes 
without anticoagulant. Altogether 9,741 donors (3036 
(51-9% males) from North London, 3,015 (524% 
males) from Bristol and 3,690 (57-?% males) from 
Manchester) were tested. 

A L T  T E S T S  

North London 

As soon as the whole-blood samples arrived a t  the 
centre they were stored a t  +4°C;  the serum was 
separated and A L T  measured within 24 h o f  donation. 
An EPOS automated clinical analyser (Eppendorf 
range) using Merckotest reagents (according t o  the 
Scandinavian Committee o n  Enzymes fof ALT) Was 
used a t  37°C, 

Standard control sera were tested at  the beginning of 
each run and after each subsequent 30 samples, A 
repeat measurement was carried ou t  on samples with 
an  A L T  activity greater than 45 IU/1. 

Bristol 

Blood samples were kept a t  -t- 4°C and the serum was 
separated within 24 h of donation. A L T  testing was 
done within 6 days on  the samples which had been 
stored a t  +4°C, except for  the first 500 samples which ( 
were tested within 14 days from the date of donation. 
The Technicon SMAC System with an  automated 
spectrophotometric glutamic-pyruvic transaminase 
method was used with a TRIS  buffer a t  37°C, 

Manchester. 

Whole blood samples were kept a t  room temperature 
and separated within 24 h .  The serum samples were 
kept a t  room temperature until re-allquoted on the 
following day and then stored a t  - 30°C pending 
testing at  the Manchester Royal Infirmary where they 

. were stored at  + 4 ° C  for  up  t o  4 days. A L T  activity was 
measured a t  37°C using the Parallel Analyser (Ameri
can Monitor Corporation) with a TRIS  buffer (pH 7*9) " " 
and pyrtdoxai phosphate. 

A further 526 samples f rom Manchester were separ
ated within 8 h, and each sample was divided into two 
altquots: one was stored at  .~-30°C and sent to  the ^ 
North London Regional Transfusion Centre for A L T  • 
testing using the EPOS analyser detailed above. The 
other aliquot was stored at  + 4 ° C  and tested in 
Manchester within 4 days. 

A N T I - H B c  T E S T I N G  

Initial anti-HBc testing in 9711 samples was carried 
out a t  the North London Transfusion Centre, using 
Wellcome EIA kits. Positive samples were re-tested in 
duplicate. Repeatedly reactive samples were sent to the 
Department of Virology, University College and Mid
dlesex School of Medicine, London, for  confirmatory 
testing using an in-house radioimmunoassay (RIA) 
(Tedder et a I., 1980). Seventy-eight samples from 52 
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donors were tested using an additional haemagglutina-
ton assay (CQRECELL, Green Cross Corporation,^ 
Japan). Anti-HBs tests were also performed at the 
reference laboratory using art in-house RIA (Tedder et 
al., 1980). Samples confirmed as anti-HBc positive 
were sent to the Academic Department of Medicine, 
Royal Free Hospital, London forBBV DNA analysis. 

t ) p N O R  F G L L O W - U P  

In -all three centres, donors with a raised A L T  level 
( > 4 5  lU/t) or. a confirmed positive anti-HBc test 
received a letter requesting their attendance at a n  
Interview. Fo r  each donation with a n  ALT > 4 5  IU/1, 
the preceding sample with a normal ALT was chosen 
as a control, and the same letter was sent to  these 
donors. U p  to three reminders were sent to  donors who 
failed t o  respond. Donors from North London who 
failed to  reply to the first letter were contacted by 
telephone where possible. 

A t  the interview, a questionnaire was administered, 
and data obtained on  age, sex,"marital status, country 
of birth, ethnic origin and occupation. Details o f a n y  
surgical operations, serious medical illnesses, includ
ing jaundice and hepatitis, o r  contact with persons 
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known to have had hepatitis were recorded. Further 
questions were asked relating to residence or extensive 
travel abroad, exposure to scarification o r  blood 
transfusion, alcohol intake, level of exercise and 
medications including herbal remedies. Ethnic origin, 
country of birth, occupation, medical history and 
residence abroad of the parents and the sexual partner 
were also recorded. A physical examination was 
carried- out  with special reference to' hepatomegaly, 
splenomegaly; lymphadendpathy and  skin examin
ation for stigmata of chronic liver disease and tattoos. 

Donors were weighed and their height was recorded. 
Further blood samples were taken and  sera separated 
within 8 h for  measurement of ALT, aspartate transa
minase (AST), gamma-glutamy! transferase, alkaline 
phosphatase, bilirubin and serum albumin. These tests 
were carried out  at  the General Hospital connected 
with the Transfusion Centre or, in the case of North 
London, a t  the Transfusion Centre. 

R E S U L T S  

The prevalence of raised ALT ( > 4 5  IU/1) was 3*1% 
overall with 3-06% for  North London, 4*56% for .  
Bristol and 1-97% for  Manchester. The results from 
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Fig. 1. (a) ALT levels in female blood 
donors. ( • )  Manchester, ( • )  Bristol 
and North London, (b) ALT levels in 
male blood donors, Key as for (a), 
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the 526 sample sub-set from. Manchester have not been 
included in' the calculation of these results. The inter-
batch coefficients of variation for all centres were as 
follows: at 30 IVfl 7-9%, a t  94 IU/1 6-4% and at 315 
IU/1 2*3%. The  histogram of the ALT values was not 
normally distributed (Fig. l a  and b). However, the 
logarithmic transformation of the distribution was 
essentially Gaussian. F o r  female donors, 45 IU/1 
represents the  98*8th percentile in Nor th  London, 
98-1 th in Bristol and 99th in Manchester. For  males, 45 
IU/1 represents the 95th percentile in North London, 
the 93rd in Bristol and the 97th in Manchester. The 
breakdown of  results by age and gender are shown in  
Tables 1-3. 

Follow-up of donors with ALT >45 IU/1 and controls 

Three hundred and three donors with an  A L T  > 4 5  
IU/1, and an  equal number of control donors were 
invited t o  attend follow-up interviews. Two hundred 
and twenty-one (72%) from She elevated A L T  group 
(180 males) and 226 (74%) of the control group 
attended the interview. The mean 'ALT f o r  the test 
group was 63-0 IU/1, ( S D - 7  IU/1) and that for the 
control group was 17-6 IU/1 ( S D = 9  IU/1). One donor 
had a n  A L T  level of 868 IU/1 a t  follow-up and this 
result has been omitted from the calculations (Table 4). 
Of the donors seen a t  interview, 81% with a raised 
A L T  were males, compared with 57% in the control 

Number ALT IU/1 Percentage 
of with 

Centre Gender donors Mean (1 SD) Median ALT> 45 IU/1 

North London Male 1583 22-2 (12*8) 12-8 4*82 
Female 1453 13-8 (8-6) 8-6 1*10 
Total 3036 18-2 (U'7)' • 11*7 3*06 

Bristol Male 1591 24,5(14.1) 14,1 6*98 
Female. 1424 17-1 (10-9) 10-9 1*83 
Total 3015 21-0 (13-2) 13-2 4*56 

Manchester Male tm 16-7 (13-3) 13*3 2-75 
Female 1348 12-2 (10-9) 10*9 0*96 

Total 3164 14-8 (12-6) 12*6 1-99 

Table 1. Distribution of ALT values in 
blood donors 

— " 1 Table 2. ALT test results in blood 

Percentile Mean+2SD 45 IU/1 donors (percentiles) 

Centre Gender 95th 58th Percentiles 

North London Mai® 45 IU/1 55 IU/1 95*7th 95-0th 
Female 26 37 96*5 98*8 

- Total 40 51 96*0 96*75 

Bristol Male 51 65 95*2 93*0 
Female 33 44 96*5 • _ .-98-1.2 

Total 44 ' 58 95*75 95*25 

Manchester Male 39 50 96*50 97*0 
Female 30 . 37' 96*75' • 99*0 

Total 35 45 96*75 98*0 
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Tabic 3, Mean ALT values according 
lo age of donors, by centre 

Age group 
Number of donors Mean ALT (IU/1) 

Centre (years) . Male Female Total Male Female Total 

North London 18-25 229 298 527 20 12 15 
26-35 496 469 965 22 13 18 
36-45' 445 378 823 23 14 19 
46-55 262 206 468 22 - 13 18 
56-65 137 97 234 21 1 6  • • ' 19 • 

Bristol 18-25 234 326' 560 20 16 18 
26-35 368 ' 294 663 24 16 20 
36-45 393 303 698 24 16 21 
46-55 239 I6S 405 24 IS 22 
56-65 117 94 212 24 18 22 

Manchester 18-25 310 344 654 16 11 13 
26-35 541 403 944 16 11 14 
36-45 521 329 850 16 11 14 
46-55 304 189 494 ' 16 13 15 
56-65 136 80 216 16 15 15 

group. This male predominance (91%) became more  
marked among the donors in the subgroup whose A L T  
remained elevated above 45 IU/1 o n  resampling. 
Tables 5 -7  summarize the findings elicited at  the. 
interviews. There was a significant difference in alcohol-
intake and body mass index between the test and 
control groups  (P< 0-005). 

Alcohol intake 

A daily alcohol consumption of more than 20 g was 
reported by 33% in the control group and 53% in the 
test group (Table 5). Males accounted for  98% (64/65) 
of the donors in  the persistently raised ALT group who 
consumed more than 20 g of.alcohol daily (Table 6). 

Obesity 

Moderate obesity (Grade 2, as defined by a Body Mass 
Index (BMI) > 29-9} was found in 27% of the donors 
with elevated A L T  and 1% of control donors. In the 
persistently elevated ALT group, males constituted 
85% (30/35) of those with Grade 2 obesity. 

Exercise 

In the raised A L T  group, 18 donors (8%) were judged 
to  be taking par t  in a moderately strenuous physical 
exercise schedule, compared with, seven (3%) in the 
control group. ' -

Table 4. Persistence of raised ALT in 
donors Centres 

North 
London Bristol Manchester Total 

Dinors screened 3036 3015 3140 919! 

Donors with ALT level > 45 IU/1 93 137 73 303 
Donors attending follow-up 65 too 56 221 
Second ALT >4S 10/1 34 42 32 108 
Second ALT <45 IU/1 31 58 24 113 

'Control'donors with ALT <45 IU/1 93 137 73 303 
Donors attending follow-up 56 . 110 60 226 
Second ALT >45 IU/1 2 6 1 9 
Second ALT <45 IU/1 54 104 59 217 
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— : - ! ' Table 5, Factors associated with raised 

Test group 
ALT >45 
* = 2 2 1  (%) 

Control group 
»=*226 (%) P 

Alcohol intake > 20 g/diy 118(53-3) 75 (33) <0-0005 
Body mass index _>2 60(27-1) 17(7) <0-0005 
Strenuous exercise 18(8-1) 7(3) 0-02 (significant 

at 5%) 
Exposure to chemicals 14(6-3) 13(6) 0-8 
Oral contraceptives 6(14-6)* 15(42-5)** 0-006 
Drugs 5 (2-2) - 8(4) 0-423 
Herbal medicine 5 (2-2) 3 ( D  0-457 

* 41 females. 
** 35 females. 
P values calculated by Student's Mest. 

Table 6, Risk factors in donors with 
raised ALT 

Female Male Total Female Male Total 

Number 10 98 108' * 31 82 113 
Mean age (years) 36 36" 36' 40 38" 39 
Mean ALT of second 

sample (SD) 81 (39) 74* (25) 74 (28) 20 (32) 31(9) 27 (11) 
Alcohol consumption 

> 20 g/day 1 64 65 7 46 53 
Obesity grade > 2 5 30 35 6 19 25 
Exercise grade > 3 ' 0 7 7 1 10 il  

* Excluding one donor who had a second ALT=868 IU/1. , . 

Table 7. Hepatitis risk factors in test and controi groups attending interview 

First ALT result 

( 
>45 IU/1«—221 

Second ALT >45 Second ALT <45 
n=108(%) «*= 113 (%) < 45 IU/1 n = 226 (%) 

Transfusion history 6 (5»5) "2(2) 8 (3-5) 
Previous surgery ..57 (52) 64 (57) 140 (61) 
Tattooing 7(6) 5(4) 7(3) 
Occupational hazard (health workers etc.) 10(9) 8(7) 27 (12) 
Contact with hepatitis 18 (17) " 18(16) 37 (16) 
History of jaundice 3(3) 3(3) 16(7) ' 
Extensive travel to high risk areas 16(15) 16(14) 46(20) 
Residence abroad 22 (20) 25 (22) 50 (22) 
Injection or operations abroad 10(9) 12 (11) - 24(10) 
History of i.v. drug abuse 1(1) 0 1 (0-4) 

First ALT >.,45 IU/1 

Second ALT >45 Second ALT <45 
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Table 8, Anti-HBc posittvity in . — 
tlifterent.age groups • • Donors tested •_ * * Confirmed anti-HBc positive :• 

Age Number Percentage Percentage of donors Percentage of total 
(years) tested of total n in each age group anti-HBc positive 

18-25 1,857 20 5 0-27 8-06 
26-35 2,724 " 29-5 11 0-40 17-74 
36-45 2,509 27 20 0-79 32-26 
46-55 1,430 1S'5 14 0-97 22-58 
56-45 704 7-6 12 1-70 19-36 

Total 9,239 62 0-67 100 

Other factors 

There was no  marfced difference in the prevalence of 
exposure to  chemical and drugs between the raised 
A L T  and  control groups nor did hepatitis risk factors 
appear t o  be significantly different (Table 7). However, 
within the raised A L T  group, six of the eight donors 
who gave a past transfusion history had an elevated 
ALT o n  the second blood sample. 

Anti-HBc results 

The initial screen-positive rates using, the Wellcome 
EIA for  anti-HBc were 1-8, ti-93 and i-32% f o r  North 
London, Bristol and Manchester respectively, with an 
overall rate of 1-3%, The overall repeat reactive rate 
was 0-9% (0-9% for  North London, 0-79% for  Bristol 
and  0'94% for  Manchester), Confirmatory testing by 
RIA and haemagglutination (CORBCELL) o n  repea-
tably reactive samples gave a final anti-HBc positive 
rates ofO*73,0-53 and 0-65% for  North London, Bristol 
and Manchester respectively, with an overall rate of 
Q'63%. T h e  rate for Manchester may be spuriously low 
because of the unavailability of serum for confirma
tion in three cases. Of the 62 confirmed positive donors 
52 were unequivocally positive aad 10 were indetermi
nate. Males accounted for  42 (68%), seven (11%) were 
first time donors and two (3%) showed ft raised A L T  
( > 4 5  IU/1). Table 8 shows the age distribution of 
donors confirmed to have anti-HBc, with a cumulative 
acquisition of this marker with advancing years. -

Although the competitive RIA and  haemagglutina
tion assays f o r  anti-HBc were mostly in agreement, 
/divergent results were obtained in .four out  of 78 
samples f rom these 62 donors, tested by both assays. 
Two samples were positive only by RIA and two only 
by haemagglutination. In a further four samples, a 
positive anti-HBs result was obtained with either a 
negative o r  a divergent anti-HBc result. 

In another six samples, anti-HBc status could not be 

confirmed because of borderline, haemagglutination 
litres or RIA inhibition close t o  the 6% cut-oft*. In 
order to  resolve. these discrepancies, the results of 
confirmatory testing were divided-into three groups: 
positive (52), indeterminate (10), and negative (16).. 
Seven of the 52 positive samples (13-5%) were anti-
HBs negative. None of the 52 confirmed anti-HBc 
positive samples had detectable levels of HDV UNA,  
at  a test sensitivity of 0-5 pg HBVDNA per uiillilitre of 
serum (A. Zuckerman, personal communication). 

Follow-up of donors confirmed as positwefor 
anti-HBc 

Forty-eight donors with anti-HBc by BIA and RIA 
and/or CORECELL were interviewed. Their risk 
factors for IIBV infection are summarized in Table 9, 

Tabic 9. Hepatitis risk factors elicited in 48 anti-HBc 
positive donors - V • 

Ethnic origin 
Southern European 
Indian/Asian 

Occupational hazard 
Surgery 
History of jaundice 
Hepatitis contact 
Transfusion history 
Scarification 

Ear piercing 
Tattooing _ 
Electrolysis 
Acupuncture 

Travel to high risk 
areas 

Some donors had mods than one risk factor. 

2 
t 
7 

31 
6 

10 
6 

16 
3 
2 

' 5 
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D I S C U S S I O N  

It  is generally recognized that there is little overlap 
between anti-HBc positivity and raised ALT in blood 
donor populations. Hanson and Poiesky quote a 
0*03% combined positivity rate for surrogate markers 
(Hanson & Poleski, 1987), but a s  the TTV and N I H  
studies have shown, when such a n  overlap does occur, 
the likelihood of NANBH transmission is very high 
(Aach et al., 1981; Alter et at,, 1981). 

Re-analysis of the TTV study showed that 8*6% of 
anti-HBc positive donors had an  elevated ALT (Ste
phens et al., 1984). Anti-HBc positivity in past reports 
.has varied from 53% in Kenya (Bowry & Shah, 1983) 
to 2 %  in Scottish donors (Gillon et al, 1988) and in 
North London (Tedder et at., 1980) to 1-5% in Swedish 
donors (Widell et at., 1988). AuBuchon et al. reported 
the results of routine anti-HBc testing of 2*3 million 
donations In the USA (AuBuchon et al., 1989b). The 
overall positivity rate was 2-4% with an  interstate 
range o f  1*3-4*6%. In otlr study, two donations were 
positive for  anti-HBc and also had raised ALT levels; 
one of these donations was also anti-HCV positive (see 
part 2). 

As fa r  as reliability of the anti-HBc assay is con
cerned, although it may not be certain that tlje RIA 
produces fewer false-positive results (Troisi & Holl-
inger, 1987), the impression is that it is a more specific 
test than the EIA. In one study, less than 50% of EIA 
reactive samples were confirmed .by RIA (Hanson & 
Poleski., 1987). In the present study, 80% of repeatedly 
reactive samples were confirmed by RIA and hae
magglutination. A variable inhibition cut-off was 
chosen on each batch of samples based on  the 
comparison between a weak-positive standard and the 
negative control, a s  opposed to the 50 and 70% cut
offs suggested by Hollinger (Holjinger & Poleski, 
1987). A side-issue emerging from this study was the 
prevalence of donors with anti-HBc without other 
HBV markers. A report f rom the American Red Cross 
showed 17-22% of anti-HBc positive samples were 
'anti-HBc* only- (Akins et at., 1987), while another 
study reported an  incidence of 10% (Hanson & 
Poleski, 1987). In our study, 13*5% of confirmed anti-
HBc positive samples were negative for other markers 
of HBV. These donors are potentially infective because 
their blood may contain subliminal levels of HBsAg. 

An.important finding from this study is the variabi
l i ty  in the ALT values with respect to geography and 
gender (Table 1). Studies in the USA have shown that 
A L T  is lowest below 20 years, rises to  a peak at  30 
years, and returns to a lower mean by 65 years (Kahn 
et al„ 1982). This pattern was recognizable for  male 

donors from North London (Table 3), but was not 
detectable in the other donor populations in the study. . • 
The same pattern emerges when analysing the data 
from ALT.measurements carried out  earlier at North 
London (Mijovic et at., 1987); while there was a peak 
mean ALT for males between 36 and 45 years, a 
gradual increase was recorded for females with a peak -
at  56-65 years. However, a larger donor population 
would need to be studied to be certain that the changes 
in mean A L T  are not fortuitous. 

Standardization of methodology 

During the testing of the initial samples collected in 
Manchester, it became apparent that  the ALT method
ology in use there did not discriminate well in the lower 
ranges, as it was designed primarily to detect abnor
mally high A L T  values in patients and not in healthy * 
blood donors. Consequently, the histograms of A L T  
distribution were spuriously skewed, as illustrated in 
Fig. l a  and b. These discrepant results highlight the ( 
need for  a standard test method for the healthy 
population, should the test be introduced for routine 
screening of blood donors in the U.K.  

Regional eut-offs versus a national cut- off 

It can be  argued that were A L T  testing to be adopted in 
the U.K., in the absence of national standardization, it 
would b e  preferable to  opt for individual laboratories 
selecting their own-cut-off values for donor deferral 
(Gillon et ah, 1988). These cut-offs could be based 
either o n  the locally derived 2*0 S D  above the arithme
tical-mean, 2*25 SD above the logarithmic mean or 
preferably the value corresponding to  their 95th to  
99th percentile. 

Donor follow-up 

Gillon el at. recently published data on'the prevalence ( 
and clinical evaluation of donors with raised A L T  in ^ 
the East o f  Scotland (Gillon et al., 1988). They chose 
a n  alcohol consumption of 40 g daily as the value 
above which alcohol was considered to be  the cause of 
ALT elevation. At  this level, 33% of the donors with 
raised ALT were consuming alcohol excessively and 
the raised ALT was attributed to this factor. We found, 
howeyer, that the level of 20 g- alcohol consumption 
was more relevant to  our  sample population, in 
addition to  being consistent with previously defined- -
levels f o r  excessive alcohol intake (Paton. 1988). Ten 
grams of alcohol is equivalent to  1 unit as defined by 
the Health Education Authority (Health Education 
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Authority, 1989). On the other hand Gillon el al. 
(1988) were test lenient with regard to obesity,: using a .  
definition of 10% above the ideal weight, which is a 
lower threshold than a BMI of 29-9 as selected by us. 

In our  study, 51% of the donors with raised ALT 
had a normal A L T  on their second sample. This 
compares with 19% of plasmapheresis donors with 
persistently raised A L T  levels in Gillon's series, and 
17% in donors followed u p  by Alter (Alter, 1985). Our 
results are nearer t o  those of Freidmart ei al, (198?) 
who reported that  approximately two-thirds of sub
jects had persistently or intermittently .elevated ALT 
levels o n  follow-up. We therefore recommend that any 
deferral of donors, based on a raised ALT, should 
follow a n  interview with appropriate counselling and 
repeat A L T  estimation after  6 months. Fo r  those 
donors whose A L T  -remains significantly elevated, 
referral t o  their general practitioner is Indicated, 

The major  contributing factors to A L T  elevation in 
the donor population are alcohol'consumption and 
Obesity. I t  is important to note tjiat Gillon et al (1988) 
emphasize that T h e  mere documentation of obesity o r  
alcohol abuse does not prove that these factors cause 
the elevation in A L T  level. We are unable to  confirm 
the significance; o f  exposure to chemicals and drugs in 
causing elevated ALT, but this observation should not 
detract f rom the previously established causal relation
ships between hepatotoxic agents and liver damage 
(Sherlock, 1981). There is evidence of ALT elevation in 
marathon runners (Dietmar et al, 1990), and our 
observations are consistent With the general premise 
that exercise increases A L T  levels, but  it is difficult to 
quantify the effect of exercise on  a n  individual ALT 
result. 

The issue of routine ALT and anti-HBc testing of 
Wood donor,s cannot be resoived from the results of-
this study alone. The  main arguments for adoption" 
of these tests in the post-HGV era a re  the 'window of 
infecttvity', and the possibility of other NANB viruses • 
causing PTH. 

Anti-HBc also be a surrogate marker for  HIV 
infection, sexual promiscuity and intravenous drug 
abuse as  well as a specific marker for residual HBV 
infectivity (Alter, 1989). In  addition, the problems of 
non-specificity of the ALT test, cost, donor loss and 
donor counselling have to be  considered, as well as the 
considerable input from virological reference labora
tories required for confirmatory testing, with the 
possibility of 10% of results remaining indeterminate. 
The introduction of specific viral markers to narrow 
the 'window of infectivity' and exclude other virsuses 
may, in due course, render the subject of surrogate. 
A L T  and  anti-HBc testing of  only academic interest, 

particularly in countries with a low incidence of 
NANB post-transfusion hepatitis, such as the U.K.  
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