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Transmission of Non-A, Non-B Hepatitis 

JAY H.  HOOFNAGLE, M.D.; ROBERT J,  GERETY, fv* i.; , Ph.D.; EDWARD TABOR. M.D.; STEPHEN M.  

FEINSTONE, M.3 . ;  L I M E L O B  f .  BARKER, M.D.; and ROBERT H- PURCEIL, M.D.; S f l h i S t l l ,  

wsrytana  : 

III studies conducted In the early 1950a. »>ta from i t *  
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of human viral hepatltis—non- A rton-B hepatitis-—which is *«n •••—•••""« *•' W « ' "i" * • * ** •* * • ™ f» *• *• "• » "••W * "•«>» 

with 8 chronic carrier state, : 

T u b  MStoviLKT and characterization of  i:h« h tpa i i i i i  R sup-
fticf antigen ( H l s A g ,  Australia antigen^ has allowed for 
» • t 'V »*1 •% 'V # « .» «V .'1 r *-*.-* k . , .1« *. 4' » V̂. . V fv . ..;| — - . l -» I I - » - , v . _ . C LUnn^Jtion o i  mut l \  01 irit n i l i i r c  And cpidtmioltig^ 
type B hepatitis ( I ,  2 ) ,  More recently, i ia  antigen associ
ated wi th viral  hepatitis, type A .  CH.A A g }  has been iden
tified and serologic methods developed fo r  its detection (3, 
4), Using these two serologic markers, it;is now possible to 
positively identify an episode o f  hepatitis as having been 
either type A o r  type H hepatitis, i t i teresiugly, such studies 
have shown that not all eases o f  v i ra l  hepatitis can be 
attributed t o  hepatitis A o r  hepatitis B;virus (J -9) .  Fu r 
thermore, these non-A, non-B hepatitis cases cannot be 
accounted for by cytomegalovirus or  Epstein-Ban virus 
infections. These findings suggest that there Is at least a 
thinJ-h«niaa-hepatitiS"Viru5"lF8iismitted"by"senifii;"Howeveri' 
the infectious nature o f  non-A, noo-B: hepatitis and its 
responsible agent have not as yet been shown. 

The transmissihiltty of v iral  hepatitis by means o f  human 
serum wast, of  course, proved long before the discoveries o f  
H H v \ i ;  $».'• M-\ - \ 8  I-i studies conducted i n  the early 
1950s, sew f rom several asymptomatic Hood  donors, who 

• Fmbi Hie HeraiJiii Branch, Divitton e( Itoocl aid III«id fmnhms. 
Bureau at BttHagm, Fwd »:u! Drin A<ii»i»lslr»ti«a; soil Us Labui'Moiy 
of InTectimn Disaw., Marfan*! Iiisllitite wt Altergy smd Infectious Dis-
uucx. Ni.llo.u.1 1 nit ft ii i s  or Heata; fc*. ' ' ; 

were suspected of  having transmitted hepatitis to trans-
& • • ipieii iSfwere shewn (o be infeetitms-when-inoca-
lated into human volunteers (10-12).  The sera f rom these 
studies, which were collected 25 years ago, have been 
stored at 20 "C, The present study was undertaken to  
reanalyze those transmission studies using mow-recently 
developed serologic techniques for ihe identification of  
type A and type B hepatitis. 

w3ten8is 8no RriBirm\»s» 

Details of ihe utiginnt studies as well as clinical outcomes 
have been published previously (10, I I I .  These studies exam
ined ihe possible infeeiiwty of six asymptomatic btootl donors, 
each of  whom hud been impiicated in ihe transmission o f  viral 
hepatitis after a single-unit transfusion. The recipient of each 
unit of blood from these donors had developed clinically 
apparent hepatitis 32 to 70 days after transfusion, bin none 
had received, additional waits of  blood or plasma derivatives. 
The si* "implicated" blood donors were contacted, questioned 
as to history of hepatitis or liver disease, ejammed for evi-
deuce of hepatic dysfunction, and had blood samples drawn 
for a battery of liver function tests. Blood samples obtained 
from these s i i  donors at a point 43 to 315 days after the 
initial donation were stored f rown at -• 20 X and used for 
transmission studies. 

These transmission studies were carried out as a part of  a 
targe-scale studv on means of  inaetivaung bepaiitis virus in 
blood (12). The recipients o f  the infectious materials were 
male inmates of  federal penitentiaries who were between the 
ages of 21 and 4ft and who had volunteered for these studies. 
Immediately before inoculation and weekly thereafter for m 
least 6 months, the recipients were questioned as to symptoms 
of hepatiiis, examined for evidence of  liver disease, and had 
blood drawn for various liver function tests (bilirubin, eepbalin 
flocculatum, and thymol turbidity I * ,  Residual serum specimens 
were stored frozen at 20 "C, 

The present study is based upon the clinical records and 
liver-function-test data collected at the time o f  the original 
study as well as upon the results of  serologic assays recently 
done on ihe stored serum samples frPm donors and recipients. 
Sera were tenet! for HBsAj  by radioimmunoassay 113,1 and 
counterelectrophoresis (14). Subtypini of B l tsAf  was done on 
'Positive "Siiaiplf §""fcf' "immunodiffusion 115') »nd radioimmuno> 
assay (16! .  The hepatiiis 8 ™e" antigen was assayed in selected 
sera by immunodiffusion (17). Antibody to H l s A g  (and-Mls) 
was tested by passive heniagihiimntion using human erythro
cyte* coated wiih HBsAg/adw CIS}, Samples l is ing eipdsocal 
results for anti-HBs were assayed bs radioimmunoassay m 
well (19). Antibody to the hepatitis 1 core antigen (ant i -Hic) 
was assayed in selected serum samples by complement fisa-

• T t a w  f h K t e i  wrns  ifflmtaeted f r o m  t#SI  to  1954, beimt I t *  devclop-
Bifioi of the mom sensitive mum at ti*rr injury saeS »s (Su wrmo 
miusuiiiioai.il, ioniiii iloiamk oxalaccUc lranaiBtai.se ana i f  rum ptowmio 
pjfrurto triiismiiBiiie. 
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1 OC si \  >?'s < i ih\-: i • ' j u\--/r, br 
tween ibe i g c s  o f  2 2  and 37. None  gave a history of hepa-

•. f .yHi-nyr^: -.ML-. : i  j i '* .• 
liguabilitv and had hepatomegaly on physic;;,!! exaniiriaiiyp 
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J RSI5 ) Scll'llU'*!] |C>!s ^ C f C --•!! fiHIi -•) lliC 
«j,»n,>;s 4li ,4 U iiicii 0; I'' -I ?>l !.|!. |{ |KV .Ttirors ?1,.U I 

hnryMvs 1 v, s< %5, nich s;,"..'-%vvd vV:î .: pcr'.ps'-.rUil mU l  
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sn is, s j? ii?. JOi n 1 >'s Vv.'u- | ' |v^-\y ; r ; ) .  is •.• . i n =, i ..a. kO;i ;h r. MB." 
as well. Serum was collected on these six implicated donors 
43 to 385 clays after the donn!ion o f  hlood that was irnpJi-

: I . 1 i i'!: ' r •. '•: i •• ' f 

f i' i i \ • f < : •••; :• •, 
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inoculated subculaneously into I 

Table 3- 04'a 01; Irnplicated 

I I - V ; L! :; i >,• i '< > •: \ ! •)-. -:\ •.: \ ^ ; i - .<pp-.\s J 

l o  transmit bepa fltis fo  the recipienw, although I he pervert-
;,i uU:\c \"\•' r i ' -/I :??•_ i- \-i.:p \ :• i.%; nls 
each donor inoculum (Jlrooi 10% w i th  V\!S« ami R.Ix. t o  
^c- ! ,  nMlh i l . i i .  Ner'ith: f 1 ! •. 

R E C I P I E N T S  O f  HBSAg-FOSI n \ ' 1 :  DONOR SERA 
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I >>''/• > { 1 : . x i l " '  «•>"*»•? f I ; " / •  '< p-. • i: "" . 
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M'U' ' i I .:p|V-.;: ir;»8 ! io  :-f> <i i} v I 
exposure iincl persisting 21 to 94 days j ,  T i in o l  ijiesc J2 
4 i-i." I |>IC I < 1 : - h  -piNl 1 i : IJ •. I ? -,̂  .! In ri^h? ^ \Sll, 
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Scrum f rom the second HBsAg-pouilivc donor yieided 
similar results in ihese irtnsniis-fiion studies. Three of  SO 
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Table 2. L>;»fa i.m Rfc*ipiftnts. of Implicated Do?u)r S^ra* 

I >< •:). •!' UP. ;H:;-;P- Is! Ii •!; 1 .< . ! oh 2,11:0/ Recipients •i •'!1 ; 1 ( H • 1 "i ;i'!1 
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I i ».,'r Vi . i n f|- l.iPis .liiH'P'l, |i s.'.jt P:,P jr..- iP:k.f ;^jp^ -A'.'; J 
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sjjmp ifppl-^ppi! PH'-ii' v f  ! 551 - IK" p-o:ppb, Lm«. r 4 I ,j!%K. ;s . . 

; Hp --oi-s pp. c-i s:.;i ;s!i. 4-p .pi-pippI-po 
JpIKp* N.I  l f I !  fl-, A;* *p*o«*IH\ c ) pruf ioo pi ip ) % -in! Pi! 
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T«ihi» 4. Comparison vt Ciin'cal Feature wf Cases. ly|JR H versus Nnn A, Norj-6 

iv.y f.Hvi:--r i f i-.y>, H il i < \v:$; • 1 K- iv:< >jk •,!. 
i'tl-i: \s , 

Al  iilK'SU-, MIsi.i. -: V Ah'.!-H'M',:! H-. $ s : - ]  
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!">IA: l i  i i . IL ,  r . n  -4 v3?;_ -A*V"..: 7* ' ,  
NVri-.\. IV : f I I  ! .H.. V.S., R K '/ S'i[ «s\ ; -'x-> iy> ; 

a:iu euih \Lo-.VeU .l m \i C-t j n i: • I { i.K •; Ulci>-
-.•1 -.i.;Hi- ! V A \ r \ r r .  d i d  n o i  . - : i . ;  !i!.?t; ) < J ? v  :v . : ip lo t>!  r v -

\k'N i*pt J HP'--At; .. j •'•.Wi.'k pe!"i< it i. ( HJ to \ .' vr ?.•«; k 
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-.j] --->•• 51 ; n » - - H l i  !>jiir»5h5I| :-,i|i- • : !}'-'i^-
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Jiiiu'f I . J I  (ltH>. fic:.f.{Ulr i il-.M uvun i.iisri! W'llh Hie' 
l ; c - - ' - t  v.1;ip?v.al M.is..-,r-.c. :ur;; I Mis, j!,.| 
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M'l ! 1 II il . 
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C\|Vu,lHV I h;v '-C L.'r J i t i K  ^ ^ •."«! -I i f i *:.: v*! I' * i - 11*1 'i-'- -r- hi IV I J r: J 
1"1 oi v, |:h Jirih.,s| : f i s i \ o  rc- i -
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five blood donors ihai  h:i 
iTtissioD o l  post-transfusion 

been iiTipti&itati i n  I he trails--
•cpalitis were shown to transmit 
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x* • li r h,5. • J'.--. OiiipcO !r ! l./j:,. i : 1 j--. ;::Hl i'A • vv i ;:-• •-. $\ 
1 :-- O f 1- Y'.V - vi--- win'- hrO, --W • . ] \ - " . ' O - ' - l  \ 
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D^eussion 
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