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Summary 

W e  used cross-sectional w i l l i ng  anonymous salivary 

hepatit is C (WASH-C) surveillance l inked t o  self-

completed risk-factor questionnaires t o  estimate the 

prevalence o f  salivary hepatitis C antibodies 

(HepCAbS) i n  five Scottish prisons f rom 1994 t o  

1996. O f  2121 available inmates, 1864 (88%) part i ­

cipated and 1532/1864 (82%) stored samples were 

suitable for testing. Overal l  311/1532 (20.3%,  pre­

valence 9 5 % C I  18 .3 -22 .3%)  were HepCAbS-posit-

ive: 265/536 (49%,  9 5 % C I  4 5 - 5 4 % )  injector-

inmates but  only 27/899 ( 3 % ,  95%CI  2 - 4 % )  non-

injector-inmates. A m o n g  injectors, HepCAbS posi-

t iv i ty  was only slightly higher ( p = 0 . 0 3 )  i n  those 

w h o  had injected inside prison (53%,  162/305) than 

in those w h o  had not  ( 44%,  98/224) .  Those w h o  

began in ject ing i n  1 9 9 2 - 9 6  were much less likely 

t o  be HepCAbS-positive than those w h o  started 

pre-1992 (31%,  35/114 vs. 5 5 % ,  230/422;  

p< 0.001).  Even w i t h  injectors w h o  began i n  

1 9 9 2 - 9 6  but  had never injected inside prison, the  

prevalence o f  hepatitis C carriage was 17 /63  

(95%CI  1 6 - 3 8 % ) .  The prevalence and potent ial  

transmissibil ity o f  hepatitis C i n  injector-inmates are 

both high. Promoting 'o f f  in ject ing'  before ' o f f  drugs' 

(both inside and  outside prison), methadone pre­

scr ipt ion dur ing short  incarcerations, alternatives t o  

prison, and support o f  HepCAbS-positive inmates i n  

becoming eligible for  treatment, a l l  warrant  urgent 

consideration. 
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Introduction 

Wi l l i ng  Anonymous Salivary H IV  and hepatitis C 
(WASH-C) surveillance studies were conducted at 
f ive adult  prisons in Scotland dur ing 1994-96 ,  w i t h  
results o n  H IV  prevalence already published.' '2  A l l  
inmates were invited t o  take part b y  giving a saliva 
sample t o  be  tested immediately for HIV antibodies, 
and eventually for  hepatitis C, and  t o  self-complete 
an anonymous behavioural risk-factor questionnaire. 
Saliva sample and  questionnaire were l inked b y  
sealed numerical codes, and  were thus unattributable 
t o  individual prisoners. 

The five studies had high volunteer rates (overall 

88%, 1864/2121; lowest 70%,  304/434 at  Perth 

Prison) and took place as follows: i n  1994, at 
Barl innie Prison in Glasgow, Scotland's largest prison 
(985 participants); i n  1995, at Perth Prison, Scotland's 
oldest and the local prison for Dundee (304 particip­
ants) and at Cornton Vale for female prisoners (136 
participants); in 1996, at Lowmoss Prison, near 
Glasgow (293 participants) and at  Aberdeen Prison 
(146 participants). Questionnaires b y  9 5 %  o f  
respondents (1771/1864) passed al l  logical checks. 
Over  a third o f  inmates w i t h  a val id questionnaire 
(36%: 636/1749) reported a history of injecting drug 
use. Nineteen HIV-antibody-positive saliva results 
were found, predominantly in injectors (16/19). 
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ACB and  SMG anticipated that validated hepatitis 

C tests w o u l d  become available,3,4 and  from the 

Barlinnie study on,  had sought permission at the 

time, both f rom local ethics committees and  f rom 

the prisoners themselves, for the saliva samples t o  

be  tested eventually for hepatitis C when  suitable 

assays had been developed. 
By early January 1998, Cameron ef a/.3 had 

completed b l i n d  evaluation of a n  hepatitis C antibody 

assay o n  saliva samples f rom hepatitis-C-antibody-

positive patients, mostly injectors, 8 4 %  o f  w h o m  

(97/115) were serum-hepatitis-C-RNA-positive b y  

polymerase chain reaction. The saliva test classified 

as hepatitis-C-antibody-positive i n  saliva (HepCAbS): 

96/97 individuals w h o  were serum-hepatitis-C-RNA-

positive b u t  only 2/18 w h o  were serum-RNA-nega-

tive. A further 2 6  serum/saliva pairs were col lected 

from hepatitis-C-antibody-negative patients, a l l  o f  

w h o m  tested hepatitis-C-antibody-negative in saliva. 

W e  inferred f rom these data that specificity w o u l d  

not be  a problem, and  so sanctioned the testing o f  

prisoners' saliva samples. 
The saliva test that Cameron et al. had developed 

was, i n  effect, a surrogate marker for hepatitis C 

RNA o r  hepatitis C carrier status. In meta-analysis o f  

the role o f  polymerase chain reaction in defining 

infectiousness among people infected w i t h  hepatitis 

C virus, Dore  et al? found that among 1148 people 

exposed t o  sources positive b y  polymerase chain 

reaction, 148 cases of transmission occurred, com­

pared w i t h  no  definite case among 874  people 

exposed t o  negative sources. 
As  a surrogate marker for hepatitis C carriage, the 

saliva test was thus ideal for application t o  ou r  

prisoners' samples. The risk to novice injectors6,7 o f  

hepatitis C transmission through shared injecting 

dur ing incarceration depends crit ical ly upon the 

proportion o f  inside-injectors w i t h  hepatitis C carrier 

status, their frequency o f  injection, and o n  the 

transmission rate for hepatitis C after needlestick 

exposure to persons positive b y  polymerase chain 

reaction, w h i c h  Dore  et al.s have estimated as 6 %  

(95%CI 2 - 1 0 % ) .  Tattooing8 dur ing incarceration,9 ' 0  

fights o r  other trauma in w h i c h  there is blood-to-

b lood  contact are other potential transmission routes 

for hepatitis C, as are b lood  transfusions pr ior t o  

1 9 9 2 " - "  a n c |  occupational exposure.13"'5 Sexual 

transmission o f  hepatitis C can also occur b u t  is 

uncommon;  the rate o f  maternal transmission has 

been quant i f ied. ' 6 ' 7  

International data, including f rom Scotland, sug­
gest that between 6 0 %  and 9 0 %  o f  injectors might 
have hepatitis C antibodies,'8"34 w i t h  between 5 0 %  
and 9 0 %  o f  them being also RNA positive.3,5 '8,23 ,33 ,35  

Based on these ranges and 3 6 %  o f  ou r  adult prisoners 
having a history o f  injecting drug use, w e  expected 
that between 1 1 %  and 2 9 %  o f  prisoners w o u l d  have 

hepatitis C antibodies in saliva, w i th  2 0 %  as a central 

estimate: 0 .36  * 0.80'9 , 3 4  * 0.70.'8 ,23 ,33  

W e  estimated the number o f  adult inmates across 

Scottish prisons w i t h  hepatitis C antibodies in saliva 

(HepCAbS, a marker for hepatitis C carrier status), 

and  associated risk behaviours, inc luding the ro le o f  

inject ing inside prisons. Geographical and  temporal 

variation were also o f  interest, particularly the per iod 

i n  w h i c h  injecting careers began (pre-1989, 

1989-1991,  1992 o r  later). Sterilization tablets were 

made available t o  all Scottish prisoners dur ing the 

latter period, namely f rom December 1993 fo l lowing 

a n  outbreak of H IV  and hepatitis B seroconversions 

i n  Glenochi l  prison earlier i n  that year.36,37 The 

Scottish Prison Service's 1998 calendar for prisoners 

highlighted: 'What  y o u  should know  about hepatitis'. 

Methods 

W e  used the recently validated method for detecting 

antibodies t o  hepatitis C i n  saliva (HepCAbS)3 w h i c h  

had been shown to  correlate w i th  the presence o f  

hepatitis C RNA in b lood,  and thus w i t h  hepatitis C 

carrier status. The laboratory method for identifying 

hepatitis C carriage b y  saliva testing, its b l ind  valida­

t ion against 115 paired blood/saliva samples, and  

against behavioural data for 649 o f  our Barlinnie 

and  Lowmoss prisoners w i t h  large-volume residual 

saliva samples have been described more ful ly else­

where.3 Briefly, salivary antibody was detected b y  

using a modif ied ELISA assay (Monolisa ant iHCV 

new antigen: Sanofi Pasteur, France). The reverse o f  

the serum ratio was used, namely: four volumes 

saliva (80 | i l )  t o  one vo lume o f  di luent (20 jal). The 

incubation per iod was increased t o  overnight 

(approximately 20  h) at room temperature instead o f  

60  m i n  at 40 °C  for serum. The test was otherwise 

carried out  according t o  the manufacturer's instruc­

tions. The cutoff  was altered t o  optical density o f  

0.2 t o  enable the assay t o  be  used t o  detect RNA-

positive patients. A l l  negatives and reactives in the 

opt ical  density range 0 .2 -0 .4  were retested for con­

firmation. 
Cameron ef a/.3 had no  access to the behavioural 

database. Pilot (Stage 1) results o n  649 samples were 

reported t o  AGB,  SMG and S)H w h o  checked them 

against prisoners' self-reported history o f  injecting 

drug use. Al ignment was excellent: 120  samples 

were posit ive o u t  of 241 f rom injectors w i t h  val id 

questionnaires (50%) but  on ly  10/360 f rom self-

reported non-injectors (3%). These preliminary results 

were discussed w i th  the Scottish Prison Service i n  

early February 1998. Dur ing February and March  

1998, the testing was completed o f  sufficient-volume 

residual saliva samples from the Barlinnie and 

Lowmoss prisoners (Stage 2); and c/e novo testing 
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was done o f  saliva samples wh ich  were stored w i t h  

SB at  the Regional Virus Laboratory i n  Edinburgh 

and wh ich  had come from our 1 9 9 5 - 9 6  studies. The 

latter samples were transferred t o  Glasgow for testing 

b y  SC to  ensure homogeneity o f  laboratory method 

across prisons. 
To the 1994 questionnaire,38 a question was added 

in 1995 about having ever had a hepatitis C test; 

and in 1996 about having ever had a tattoo done 

in prison. 

Results 

Table 1 shows for each prison the  number (and test 

result) o f  sufficient-volume saliva samples that were 

testable for hepatitis C carriage f rom prisoners w h o  

had; (i) returned a val id behavioural questionnaire, 

or (ii) g iven an inconsistent prison or injecting history. 

The last co lumn in Table 1 also shows the untestable 

rate separately for injectors (IDUs) and  non-injectors. 
Comparison o f  the untestable rate between stage 

1 (high-volume samples: 8/649) and  stage 2 testing 

o f  Barlinnie and Lowmoss samples (remainder 

151/629) showed clearly that vo lume o f  residual 

saliva was the main determinant o f  testability. 

Overal l ,  the untestable/non-assigned rate was 18% 

(332/1864), w i t h  some heterogeneity between 

prisons: reassuringly, much the lowest for inmates o f  

Barlinnie Prison whose saliva samples had been 

stored longest. The untestable rate was lower,  but  

not significantly so, at 16% (100/636) for injector-

inmates than for non-injectors (19%: 218/1135). 
Overal l ,  311/1532 (20.3%) samples from adult 

prisoners tested positive for hepatitis C antibodies in 

saliva. 95%CI for HepCAbS prevalence was f rom 

18.3% to  22.3%. For prisoners w i t h  a val id risk-

factor questionnaire, Table 2 shows the prevalence 

o f  hepatitis C carrier status for four important sub­

groups: (i) prisoners w h o  had never injected; (ii) a l l  
injectors; (iii) injectors w h o  had never injected inside 
prison; and (iv) inside-injectors. 

From Table 2 ,  hal f  the adult  injector-inmates o f  

these five prisons had hepatitis C antibodies in saliva 

(265/536; 95%CI 45 -54%) ,  but  on ly  3 %  had o f  the 

non-injectors (27/899; 95%CI 2 - 4 % ) .  
The prevalence o f  HepCAbS was only moderately 

higher (Mantel-Haenszel £ 2 = 4 . 8 ,  p = 0.03) for 

inside-injectors (53%: 162/305) than for injector-

inmates w h o  had never injected inside prison (44%: 

98/224). As the  former may b e  characterized b y  a 

greater intensity than the latter of inject ing outside 

as we l l  as inside prisons, inside-injecting cannot b e  

indicted as the cause o f  their higher prevalence o f  

hepatitis C carriage. Indeed, among injectors w h o  

began their injecting career most recently, i n  

1992-96 ,  and  so had been injecting for a max imum 

o f  4 years 10  months pr ior t o  study, the absolute 

difference in prevalence of HepCAbS was only 7%:  

17/63 (27%) o f  those w h o  had never injected inside 

prison vs. 17/50 (34%) for inside-injectors. 
Table 3 shows injectors' prevalence o f  HepCAbS 

according to the calendar per iod in w h i c h  they 
began their injecting career (pre-1989, 1989-91  or 
1992-96) .  

Injectors w h o  began inject ing in 1992-96 ,  having 
accumulated an estimated total o f  203.5 injection-
years, were very significantly less l ikely t o  have 
HepCAbS (31%: 35/114) than were injectors w h o  
had started pre-1992 (55%: 230/422, p < 0 . 0 0 1 ) .  
Recent injectors' estimated incidence o f  HepCAbS 
dur ing 1 9 9 2 - 9 6  was thus 17 per 100 injection-years 
(35/203.5 * 100). 

O n l y  96/265 (36%) injectors w i t h  HepCAbS were 

sentenced t o  serve more  than 1 year, namely: 13/35 

(37%) hepatitis C carrier injectors w h o  began their 

injecting career in 1992-96  and 83/129 (64%) whose 

inject ing career began before 1992. 
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Table 1 Numbers of sufficient-volume saliva samples, and number positive for hepatitis C antibodies in saliva: by prison 

Prison and year of Prevalence of hepatitis C Number (%) of untestable or 
study antibodies in saliva (%) unassigned saliva samples 

Prisoners Prisoners Total rale In IDUs In non-IDUs 
with valid who gave 
questionnaires inconsistenl 

prison or 
injecting 
history 

Lowmoss, 1996 29/ 203 (14%) 1/ 4 86/ 293 (29%) 31/116 52/ 170 
Aberdeen, 1996 19/ 112 (17%) 1/ 2 32/ 146 (22%) 10/ 53 21/ 90 
Perth, 1995 39/ 203 (19%) 3/15 (20%) 86/ 304 (28%) 21/ 82 58/ 200 
Cornton Vale, 1995 22/ 79 (28%) 1/ 2 55/ 136 (40%) 19/ 58 34/ 74 
Barlinnie, 1994 184/ 856 (21%) 12/56 (21%) 73/ 985 (7%) 19/327 53/ 601 
Totals 293/1453 (20%) 18/79 (23%) 332/1864 (18%) 100/636 (16%) 218/1135 (19%) 


