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T h e  Transfusion Transmit ted  Viruses (TTV) S tudy  is  a mul t icentered 
collaborative effort initiated in Ju ly  )974,  wi th  t h e  following objectives;  

1, T o  de t e rmine  In a prospect ive fashion t h e  inc idence  an d  et iologies o f  
transfusion-associated hepat i t is  at  d i f ferent  medical  centers ,  an d  re la te  
these  t o  different  b lood  donor  populations,  

2, T o  assess t h e  relat ionship  between  b lood t ransfusion a n d  hepat i t is  by  
following a control g roup  of pa t ients  w h o  w e r e  cross-matched to  
rece ive  b lood ,  b u t  d id  no t  requ i re  transfusion,  

3, T o  establish a " b a n k "  of well-pedigreed s e r u m  samples  f r o m  all r , \  
pat ients  enrol led in  t h e  T T V  Study,  both  recipients  a n d  controls,  as  • 
wel l  as  all blood donors.  T h i s  bank  is of part icular va lue  because  it 
includes  serial samples  of all pat ients  deve lop ing  hepat i t is  a n d  all £ 
implicated donors.  

4,  T o  evaluate  t h e  effect iveness of p r e sen t  me thods  of  d o n o r  screening,  
and examine  additional me thods  w h i c h  migh t  lead to  a f u r the r  r educ ­
tion in posttransfusion hepati t is .  

At its inception in Ju ly  1974, t h e  T T V  Study G r o u p  consisted o f  t h r ee  
participating centers:  T h e  C e n t e r  f o r  t h e  Heal th  Sciences,  Univers i ty  o f  
California, Los Angeles,  Barnes  Hospital  a t  t h e  Washington Universi ty 
Medical C e n t e r  in St. Louis,  a n d  B e n  T a u b  Hospital ,  Baylor Col lege  of  
Medicine i n  Houston,  Texas. T h e  Hepat i t i s  Epidemiology Laboratory a t  t h e  
University of Southern California h a s  se rved  as  t h e  coordinat ing cen te r  for 
the TTV Study.  I n  January 1976, t h e  N e w  York Blood C e n t e r  (NYBC) jo ined  
the TTV Study. 

METHODS OF STUDY 

Patients admit ted to e a c h  part icipating hospital  a r e  s c r eened  for  en t ry  
into a ] 0-wonth prospective s tudy.  T h e  criteria for en l i s tment  a r e  des igned  t o  
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minimize those  factors wh ich  might  confuse  subsequen t  interpretation of 
clinical and  serologic data.  Thus ,  patients  wi th  a history of chronic  liver 
disease,  patients  receiving medication o r  d rugs  w h i c h  migh t  affect  liver 
function, those  with a history of jaundice  o r  hepati t is ,  a n  occupational 
exposure to  hepatitis,  transfusion within t h e  previous  12 months ,  certain 
malignancies wh ich  migh t  metastasize t o  t h e  l iver  or  r e q u i r e  chemotherapy,  
and patients wi th  a n y  i l lness  having a l ife expectancy of l e ss  t h a n  10  months 
w e r e  excluded.  On ly  those  pat ients  with o n e  o r  m o r e  normal  se rum alanine 
aminotransferase (ALT) levels  w e r e  enrolled in t h e  s tudy a f te r  informed con­
sent was obta ined.  An additional prerequis i te  was  that  al iquots o f  b lood were  
available f rom each  donor  un i t  transferred as wel l  as a sample  f rom all patients 
prior to transfusion and/or  surgery.  

Subsequent  spec imens  w e r e  collected at t h e  t ime  of clinical evaluation 
which  occurred at 2-week intervals for t h e  first 3 months ,  a t  3-week intervals 
for t he  next 3 months  a n d  a t  4 0  weeks  or  10 months.  I f  symptoms of hepatitis 
occurred,  o r  if laboratory s tudies  became abnormal ,  a n  addi t ional  blood 
sample was obta ined for  tes t ing within  a 3- to 10-day per iod .  

All rec ipients '  spec imens  w e r e  tested wi th in  a 24- t o  72-hour period 
following collection. D o n o r  units  were  s tored at  4°C a n d  tes ted  for ALT 
activity b y  t h e  Becknian T R  automated kinet ic  m e t h o d  wi th in  4 8  hours  of 
transfusionfl] .  

All part icipating cen te r s  used t h e  s a m e  A L T  reagents  a n d  s tandards and 
performed all de terminat ions  u s ing  a s tandardized protocol.  Evaluation of 
representative donor  uni t s  h a d  shown that  t h e  level a t  A L T  activity observed 
at t he  t ime of t ransfusion is n o t  excessively in f luenced  b y  di lut ion,  anticoagu­
lation or storage at 4°C. By us ing identical s tandards a t  t h e  t ime  of  each  de­
termination, t h e  coefficient  o f  variation for A L T  determinat ions  w a s  less than 
5% both wi th in  an d  b e t w e e n  participating centers .  T h e  u p p e r  limit o f  normal 
was considered to  b e  4 5  International Uni ts  (I.U.), a va lue  t w o  standard de­
viations above  t h e  geomet r ic  mean .  All samples  w e r e  t e s t ed  for HBsAg b y  solid 
phase  radioimmunoassay (MA)  (Ausria I I ,  Abbott Laboratories),  All donor  
units, as wel l  as  rec ip ient  samples  d rawn be fo re  transfusion a n d  at 2 0  and 4 0  
weeks ,  were  s c r eened  for anti-HBs b y  radioimmunoassay (Ausab, Abbott 
Laboratories), T h e  s a m e  samples  were  also sc reened  for  ant i -HBc b y  o n e  of 
two methods of RIA; one,  a microliter solid phase  KIA similar  to that 
described for anti-HA detect ion us ing  pur i f ied  l iver-derived HBcAg{2]; an d  b y  
Corab (Abbott Laboratories).  All patients wi th  A L T  abnormali t ies  w e r e  also 
screened for anti-HA seroconversion b y  R1A[2]. 

T h e  diagnosis  o f  hepat i t is  was m a d e  if wi th in  14 to  180 days  after  
transfusion, o r  surgery for t h e  control group,  t w o  sequen t ia l  A L T  levels  
greater than 4 5  l .U .  w e r e  observed  in  t h e  absence  of o the r  p robab le  causes.  
These  abnormal  samples  h a d  to b e  drawn 3 to 17 days  apar t  wi th  a t  least o n e  
sample equal  t o  o r  greater  than  901.U. ,  t w o  t imes  t h e  u p p e r  l imits  o f  normal. 

Patients  w e r e  cons ide red  to  have  icteric hepat i t is  if t h e y  b e c a m e  visibly 
jaundiced d u r i n g  a c u t e  i l lness and/or t h e  serum b i l i rubin  exceeded  2% mg.  

Serologic r equ i r emen t s  for diagnosis of viral H B  inc luded  t h e  d e  novo 
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appearance of HBsAg, anti-HBs and/or anti-HBe not  related to  passive transfer  
by transfusion. Seroconversion t o  t h e  HA agen t  unre la ted  to  passive t ransfer  
was used as t h e  criteria for HAV infection. T h e  designation "non-A/non-B", 
was applied t o  those presumptively viral hepat i t is  eases fo r  w h o m  t h e  criteria 
for type A or type B infection w e r e  not  me t .  

T h e  onset  of hepat i t is  w a s  the  interval f rom first transfusion for  t h e  
recipients, a n d  surgery for  t h e  controls, t o  t h e  first abnormal  A L T  value.  T h e  
duration of  i l lness  w a s  de f ined  as t h e  pe r iod  of t ime  tha t  t h e  A L T  value 
remained elevated,  i.e., f rom t h e  first to t h e  last observed elevation.  

RESULTS 

Incidence ol Hepatitis 

Between July 1074, a n d  December  1978, a total o f  1,307 pat ients  w e r e  
successfully fol lowed;  595  recipients,  a n d  712 nontransfused controls (Table 
34-1}. T e n  of  t h e  5 9 5  recipients  h ad  received only  autologous b lood.  T h e r e  
were  75  episodes  o f  hepati t is  among  the  t ransfused patients ,  a n d  inc idence  of 
J 2.6%. T h e  attack rates varied b e t w e e n  5,4% a t  Washington University t o  
18.5% at  UCLA.  

HBV w a s  t h e  etiologic agen t  in  10 o r  1.7% of t h e  recipients  a n d  
represented 13.3% of  t h e  episodes  o f  posttransfusion hepat i t is .  Six of  t hose  
with H B  h a d  demonst rable  HBsAg, five wi th  t h e  subsequen t  appearance  of 
both ant i -HBe and  anti-HBs. T w o  pat ients  w e r e  non-ant igenemic  b u t  d e ­
veloped anti-HBs and  anti-HBe, whi le  o n e  pa t ient  e a c h  h a d  t h e  d e  novo 
appearance o f  anti-HBs and  anti-HBe respectively.  N o  ins tance  of posttransfu­
sion HA was  found .  

T h e  overall inc idence  of hepati t is  a m o n g  t h e  712 control pat ients  w a s  
'23% wi th  attack ra tes  ranging b e t w e e n  0.7% at Baylor t o  3.8% a t  NYBC. N o n e  
of t h e  16 control cases  h a d  ev idence  of H A  infect ion.  O n e  control  H B  case was 
identif ied a t  Washington University.  HBsAg w a s  de tec ted  i n  this pat ient 's  
serum 121 days  af ter  surgery, followed b y  t h e  appearance  o f  anti-HBe a n d  
anti-HBs. 

Clinical Characteristics 

T h e  t i m e  of  onse t  o f  disease ( incubation per iod)  among  recipients  
developing H B  ranged  b e t w e e n  2 8  an d  120 days  w i t h  a m e a n  o f  7 2  days 
(Table 34-2). T h e  Incubation per iod of those  recipients  deve lop ing  non-A/ 
non-B hepat i t is  was shorter ,  44  days, wi th  a range  of 14 t o  9 1  days.  T h e  m e a n  
incubation pe r iod  was  3 9  days  for t h e  15 non-A/non-B control cases. 

T h e  p e a k  A L T  o f  t h e  10 H B  recipients  was  6 2 5  LtJ .  F o r  t h e  6 5  
non-A/non-B recipients  t he  mean  peak  A L T  value w a s  647 LU.  T h e  o n e  
control pa t ien t  deve lop ing  H B  h a d  a peak  A L T  of 121 I .U.  associated wi th  
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Table 34-1. Hepatitis Cases Among Recipients and Controls, TTV Study July 
1974-Deeeraber 1976 

Viral Hepatitis 

Participating Xo. of Hepatitis Hepatitis 'f ota! % Attack 
Centers Recipients R Xon-A/non-B Cases Rate 

Washington Universitv 205 0 11 11 5.4 
XYBC 67" 0 6 6 9.0 
Bavipr 139 4 20  24 17,2 
UCLA 13-1 6 28 34 18.5 

Total 595 10 65 75 12,6 

a:  Includes Mine recipients at UCLA and one at XYBC who received autologous blood. 

Viral Hepatitis 

Participating No, of Hepatitis Hepatitis Total % Attack 
Centers Controls B Non-A/non-B Cases Rate 

Washington University 276 1 5 6 2,2 
XYBC 80 0 3 3 •3.8 
Bavlor 143 0 1 1 0.7 
UCLA 213 0 fl 6 2.8 

Total 712 I 15 16 2.2 

H B s  ant igenemia 120 days  after  surgery.  T h e  m e a n  peak  A L T  level of the 
non-A/non-B hepati t is  pa t ients  w a s  249  I .U .  T h i s  value  w a s  significantly 
di f ferent  from both  t h e  non-A/non-B a n d  H B  recipients  wi th  a P value  of  <.05.  

Symptoms and  j a u n d i c e  occurred in  2 0 %  of t h e  H B  pat ients .  Twenty-n ine  
percen t  of t h e  non-A/non-B recipients  h a d  symptoms a n d  25% became  
jaundiced.  Forty-six pe rcen t  o f  t h e  15 controls w h o  deve loped  non-A/non-B 
hepatit is  w e r e  symptomat ic  b u t  n o n e  w e r e  j aund iced .  

T h e  duration of  i l lness  averaged 7 .2  w e e k s  for rec ip ients  acquir ing 
self-limited H B  an d  10 weeks  for  t hose  recipients  with non-A/non-B disease.  
All bu t  two  of t h e  2 9  patients  wi th  self-l imited non-A/non-B hepat i t is  i l lness 
w e r e  clinically an d  chemically wel l  wi th in  a 16-week per iod .  T h e  15  indi­
viduals w h o  deve loped  non-A/non-B hepati t is  a m o n g  t h e  control  g r o u p  had 
elevated A L T  levels for  a n  average o f  8 .6  w e e k s  w i t h  a range  of 2 to  31  weeks .  

O f  no te  Is t h e  proport ion of pa t i en t s  whose  hepat i t is  was  unresolved at 
t h e  e n d  of t h e  follow-up per iod .  F i v e  of  t h e  10 H B  recipients  a n d  5 5 %  of the 
non-A/non-B recipients  still  h a d  A L T  elevation a t  4 0  weeks .  T h i s  represented  a 
mean durat ion of obse rved  d i sease  activity of 3 8  w e e k s  (16 to  5 4  weeks )  for 



TaMe 34-2. Clinical Features of the Patients Developing Hepatitis Among: Recipients an<I Controls, TTV Studv 
July 1974-Deeernber 1976 

Resolved Unresolved 

No-
Incubation 

Period 
(Days) 

Peak 
ALT 
(I.U.) 

% Symptoms % Jaundice No. 

Wcclcs 
Abnormal 

ALT * SEM No, 

Weeks 
Abnormal 

ALT {range) 

Recipient"! 

Hepatitis B 
Non-A/non-B 

10 
65 

7 2 -  n 
44 ± 2  

625 ± 185 
647 ± 75 

20 
29 

20 
25 

5 
29 

7 i ±  1.9 
10 ± ] 

5 
36 

. 35(16-54) 
47(26-108) 

Controls 

Hepatitis 8 
Non-A/mm-B 

1 
15 

120 
30 ± 9  

m 
249 ± 42' 

{*) 

4fi 
£-) 
0 13 

(I) 
8.6 ± 2.4 0 

— 

«: P <-05 
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patients wi th  H B V  infection a n d  4 7  weeks  (26  to  108 weeks )  for  those  with 
non-A/non-B hepati t is .  M e d i a n  figures for cont inued  A L T  abnormali t ies  were  
34 a n d  4 0  weeks  for  H B  an d  non-A/non-B cases ,  respectively.  

Although five of t e n  H B  recipient  cases h a d  con t inued  A L T  elevations 
throughout t h e  40-week  per iod of  observation,, n o n e  h a d  sustained HBsAg 
positivity. T h e r e  w e r e  n o  appreciable  d i f ferences  i n  t h e  incubation per iod  
(42.2 versus 45.9 days),  occurrence of symptoms,  p r e s e n c e  of icteric d isease  
(44% versus 33%) o r  t h e  peak  A L T  values (738 I .U.  ve r sus  591  I.U.) b e t w e e n  
non-A/non-B pat ients  wi th  self-limited i l lness a n d  those  whose  illness had  no t  
resolved. 

T o  date ,  n o  hepat i t is  pat ient  among t h e  control populat ion has  h a d  
evidence of chronic  hepat i t is ,  although o n e  pa t ien t  a f t e r  hav ing  ev idence  of 
hepatic  dysfunct ion for  3 1  weeks  has  h a d  t w o  s u b s e q u e n t  normal  A L T  
determinations.  

A plot  o f  t h e  incubat ion per iod of tlie post transfusion non-A/non-B 
hepatitis a m o n g  recipient  pat ients  indicates a peak  d u r i n g  t h e  seven th  week  
following transfusion a n d  a possible  clustering a t  12 w e e k s  (Figure  34-1). A L T  
elevations w e r e  first s e e n  b e t w e e n  3 a n d  19  weeks  i n  t h e  control non-A/non-B 
patients. Although t h e  n u m b e r  of control cases  is  small ,  onsets  w e r e  observed  
at 6 and 7 weeks  as  we l l  a s  o n e  case each a t  13 a n d  14 w e e k s  corresponding to  
t h e  pattern s e e n  a m o n g  recipients.  However ,  t he re  w e r e  six cases w i t h  t h e  
onse t  of A L T  abnormali t ies  dur ing t h e  th i rd  a n d  fourth w e e k  of  follow-up. 
T h i s  suggests a postoperative o r  postanesthet ic  e v e n t  wh ich  also m u s t  b e  
taken into considerat ion i n  evaluating t h e  etiology of t h e  recipients  w i t h  ear ly  
onsets. 

Relation of Posttransfusion Hepatitis to the Source of Blood 

T h e  T T V  Study provides  a n  opportuni ty t o  direct ly compare  t h e  inci­
dence  of hepati t is  associated wi th  d i f fe ren t  b lood d o n o r  populat ions.  Blood 
from volunteer  donors  w a s  u sed  exclusively a t  t h e  cen te r s  i n  St, Louis  a n d  
N e w  York, whereas  both  commercial  (paid) donors  a s  w e l l  as  vo lun tee r  donors 
provided the  b lood adminis te red  a t  UCLA. Donor  uni ts  col lected b y  a hospital 
blood bank,  usually family o r  f r iends  of hospital ized patients ,  w e r e  ut i l ized a t  
Baylor. 

T h e  inc idence  o f  hepat i t is  b y  source of donor  b lood  is  shown in T a b l e  
34-3. Recipients receiving only commercial  un i t s  h a d  a hepat i t is  attack ra te  of 
42.3%. Th i s  is in sha rp  contrast  to  t h e  7.5% inc idence  of hepat i t is  among 
recipients g iven b lood obtained from volunteer  donors  only .  Pat ients  at  
UCLA w h o  received b o t h  volunteer  a n d  commercial  b lood h a d  a hepat i t is  
incidence of  35.5%, s imilar  t o  t h e  attack ra te  of rec ip ien ts  o f  commercial  
blood. Recipients  a t  Baylor, given hospital donor  blood,  h ad  a n  intermediate  
rate of 17.2%. A total of 118 recipients  a t  U C L A  received units  f rom volunteer  
donors exclusively a n d  10.2% deve loped  hepati t is .  Cor responding  figures at  
t h e  St. Louis an d  N e w  York centers  w e r e  5.4% a n d  9,1%, respect ively.  T h e  

> 
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Fig. 34-1. Histogram showing the time of onset (first ALT elevation) of non-A/non-B 
hepatitis among recipients and controls (TTV Study, July 1974 - December 1976). 

same patterns were observed for t h e  rates of non-A/non-B posttransfusion 
hepatitis in patients given e i ther  volunteer, commercial,  o r  hospital donor  
units. Recipients of only volunteer  blood had non-A/non-B hepatitis rates of 
5.4% at  Washington University, 9,1% at NYBC a n d  7.6% at UCLA, T h e  overall 
non-A/non-B hepatitis attack rate was  6.7% compared to an incidence of34 .6% 
among  recipients of commercial blood only. 

T h e  variation in t h e  incidence of hepati t is  among recipients given only 
volunteer blood suggests regional differences,  bu t  th i s  appears  to  b e  m u c h  
less important than  the type of donor,  i.e., commercial versus volunteer.  

Relationship of Posttransfusion Hepatitis and the Transfusion Volume 

T h e  effect of the n u m b e r  of units of blood transfused o n  the  incidence  of 
non-A/non-B hepatitis is shown i n  T a b l e  34-4. "The overall attack rate  was  
8.9% for patients receiving 1 to  3 units, 12.7% for  those given 4 to 8 units  a n d  
17% for  recipients of m o r e  than 6 units.  A relationship be tween  transfusion 
volume and  t h e  risk of hepatit is was  most noticeable for recipients  of 
hospital donor blood in  Houston and pat ients  a t  UCLA given both volunteer 



Tabic 34-3, Relationship of Posttransfusion Hepatitis smd Type of Blood Donors 

N<m-A/ts«n-B hepatitis 
— Total c.i>.<\s % attack 

No. recipients No. 11II No. % hepatitis rate* 

Volunteer only 
Washington University'1 205 0 11 5.4 11 5.4 
NYBC fifi' 0 6 9.1 6 9.1 
UCLA 118 • 3 i) 7.6 12 10.2 

Total 38.9 3 m 6.7 29 7.5' 

Commercial 26 2 » 34.6 11 42.3' 
Both volunteer 

a:«l commercial 3 !  1 10 32.2 11 35.5' 
Hospital blood Ixmk m 4 -20 14.4 24 17.2 

(Ben Tuub, Houston) 

at P <,05 hi attack raU»s mvoMnji wmuicrc*s;»} bltxxl v<-r>!!.s volunteer IVUitul only. 
hi Kc<l C>(JN-v IWjJWMliil IJUKWI Ci'tlK'fK-



Table 34-4. Non-A/non-B Posttransfusion Hepatitis According to Source and Transfusion Volume 

1-3 Units 4 -B Units >fi Units 

Total 
recipients 

No. 

Non-A/non-B 
hepatitis 

No. 
recipients 

Non-A/iton-R 
hep.'ititis 

No. 
recipients 

Nott-A/non-B 
hepatitis 

Donor 
Total 

recipients recipients No. % 
No. 

recipients No. % 
No. 

recipients No. % 

Volunteer only" 
Hospital blood bank 

(Ben Tawh) 
Commercial 
Both volunteer 

awl eommereiu} 

389 
139 , 
28 '  

31 

183 
105 

19 

14 

10 
31 
5 

1 

5.4 " 
10.5 
2G.3 

7.1 

121 
22 

5 

10 

7 
5 
2 

6 

5.8 
22,7 
40 

60 

84 
12 
2 

7 

9 
. 4 

2 

3 

30.3 
33.3 

300 

42.9 

Total 585 321 27 8.4 158 20 12.7 105 18 17.1 

m Red Cross Bcgsmtul CctHer.s- ati<l NYHC. 
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Table 34-5, Relation Between Maximum Donor ALT and .Non-A/non-B Posttransfu­
sion Hepatitis Among Recipients of Volunteer Blood Only 

•Maximum 
donor ALT Xo. non-A/non-B % hepatitis 

(I.U.) N'o, recipients hepatitis attack rate 

<C4o 353 IE 3.4" 
45-80 26 11 42.3 
81-100 6 2 •33.3 

100+ 4 1 25,0 

a; P < .05 # dinVtence In artack rate compared to recipients given blood wllh higher maximum ALT values. 

a n d  commercial units.  Recipients  of commercial  blood only  h a d  a high attack 
rate at all  t h r ee  levels  of transfusion vo lume,  a l though  t h e  da ta  w e r e  de r ived  
from a much  smaller  s ample  size. 

O f  t he  10 H B  cases,  l ive h a d  received I to  3 units ,  t w o  w e r e  given 4 t o  6 
units, and  3 h a d  b e e n  t ransfused with m o r e  than 6 uni ts .  

Maximum Donor ALT Level and Posttransfusion Hepatitis 

T o  search for additional risk factors wh ich  migh t  b e  associated wi th  
non-A/non-B posttransfusion hepatitis, a n u m b e r  of donor  an d  rec ip ient  
characteristics w e r e  evalua ted  b y  discriminant mult ivariate analysis. Recip­
ients given volunteer  b lood  exclusively an d  their  donors  w e r e  selected for 
study. T h e  factors analyzed included t h e  a g e  a n d  sex o f  the recipient ,  history 
of prior transfusion, t h e  type  of surgery o r  reason for  crossmatch,  t h e  anes the­
t ic  administered,  t h e  anti-HBs status of t h e  donor  arid t h e  rec ipient ,  and  t h e  
maximum donor  A L T  va lue .  Of  these characteristics, on ly  t h e  maximal donor  
A L T  c o r r e l a t e d  w i t h  t h e  d e v e l o p m e n t  o f  non-A/non-B pos t t r ans fus ion  
hepatitis. O f  3 5 3  rec ip ients  given volunteer  units  w i t h  normal A L T  activity, 
12 or 3.4% deve loped  non-A/non-B posttransfusion hepat i t is  (Table  34.5), I n  
contrast, non-A/non-B hepat i t i s  occurred a m o n g  14 of 3 6  (38.9%) recipients  
given a t  least  1 un i t  wi th  an  e levated  A L T  level .  

Discriminant  analysis of t h e  recipients  given only  vo lunteer  donor  blood,  
and their  donors, also showed  that the  maximal d o n o r  A L T  was  a far more-
important de te rminan t  i n  t h e  occurrence of  posttransfusion hepat i t is  than  t h e  
n u m b e r  of un i t s  t ransfused.  T h e  non-A/non-B hepat i t is  attack rate was  3.4% 
for both t he  175 recipients  given 1 to  3 uni t s  o f  vo lun tee r  donor  blood a n d  t h e  
178 recipients g iven  more  than 4 units  wi th  normal A L T  values  (Table  34-6). 
T h e  incidence  of hepati t is  was  approximately 10 t imes  greater  a m o n g  recip­
ients of volunteer un i t s  wi th  a n  e levated ALT value;  4 0 %  for pat ients  g iven 1 
to  3 units  a n d  38% for t hose  receiving more  than  4 uni t s .  

I n  all, 34  of t h e  75 total  recipients (or 45%) deve lop ing  hepat i t i s  received 
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Tabic 34-6. Relation of Son-A/non-V Posttransfusion Hepatitis to Maximum Donor 
ALT and the Number of Volunteer Units Administered 

< 4 5  I.U. > 4 5  I.U, 

1 - 3  Units- 4 A  Units 1 - 3  Units 4 + U n i t s  

Tntrtl recipients 
(if* vohmfewr 
Mom) 175 178 10 2 6  

No. % So. % So. % So. % 

Xon-Amon-B 
hepatitis 6 3,4 6 3.4 4 40 10 38 

at l eas t  1 u n i t  w i th  an  e l e v a t e d  A L T  leve l—31 o f  t h e  6 5  non-A/non-B c a s e s  
and t h r e e  o f  t h e  10 cases  o f  H B  infec t ion .  

DISCUSSION 

D a t a  f rom t h e  first 214 y e a r s  o f  t h e  T T V  S t u d y  a f f i rm t h a t  pos t t ransfus ion  
hepat i t i s  r e m a i n s  a se r ious  a n d  c o n t i n u i n g  p r o b l e m .  T h e  12 ,6% overal l  
i nc idence  o f  hepa t i t i s  a m o n g  t h e  5 9 5  r ec ip i en t s  is comparab l e  t o  t h e  11.3% 
rate o b s e r v e d  in t h e  VA Coopera t ive  S t u d y  o f  pos t t ransfus ion  hepa t i t i s  w h i c h  
was c o n d u c t e d  b e t w e e n  Janua ry  I 9 6 0  a n d  J u l y  1974[3], A l though  t h e  r a t e  o f  
H B  d e c l i n e d  fol lowing r o u t i n e  s c r e e n i n g  o f  donors  for HBsAg,  t h e  overa l l  
i nc idence  o f  HBsAg-negat ive  pos t t rans fus ion  hepa t i t i s  in  t h e  VA S t u d y  r e ­
m a i n e d  u n c h a n g e d .  O n l y  13.3% of o u r  pos t t rans fus ion  hepa t i t i s  e a s e s  w e r e  at­
t r ibu tab le  to H B  infec t ion ,  a l l  f r o m  d o n o r s  w h o s e  b l o o d  w e r e  HBsAg-nega t ive  
b y  RIA.  F o u r  o f  t h e  10  pos t t ransfus ion  H B  eases ,  a l l  w i t h  a b n o r m a l  A L T  
e leva t ions ,  w e r e  d iagnosed  b y  t h e  a p p e a r a n c e  o f  an t i -HBe  a n d / o r  an t i -HBs  in  
t h e  a b s e n c e  o f  demons t r ab l e  an t i genemia ,  I n  k e e p i n g  w i t h  t h e  obse rva t ions  o f  
F e i n s t o n e  a n d  h i s  associates a t  N I H  [4], n o n e  o f  t h e  o t h e r  6 5  pos t t r ans fus ion  
cases  i n  o u r  s t u d y  cou ld  b e  a t t r ibu ted  t o  H A  in fec t ion .  T h e  c l in ica l  charac­
ter is t ics  o f  t h e s e  non-A/non-B hepa t i t i s  ca ses  w e r e  s imi la r  t o  t h o s e  p a t i e n t s  
w i th  pos t t ransfus ion  H B ,  e x c e p t  fo r  a s h o r t e r  t i m e  o f  o n s e t  (44 v e r s u s  7 2  days ,  
respect ive ly) .  Al though m o s t  w e r e  a s y m p t o m a t i c  a n d  n o t  j a u n d i c e d ,  A L T  
abnormal i t i e s  w e r e  sus ta ined  fo r  a m e a n  o f  10  w e e k s ,  m o r e  t h a n  2 m o n t h s ,  
a m o n g  t h o s e  w h o s e  i l lness  h a d  r e so lved  b y  t h e  e n d  o f  t h e  s t u d y  p e r i o d .  

T h e  h i g h  proport ion o f  r ec ip i en t s  w h o s e  hepa t i t i s  w a s  u n r e s o l v e d  is of  
spec ia l  n o t e .  Approximately ha l f  o f  t h e  p a t i e n t s  w i t h  pos t t r ans fus ion  hepa t i t i s  
still h a d  A L T  elevat ions  a t  4 0  w e e k s .  At  l eas t  1 2  of  t h e  non-A/non-B c a s e s  h a d  
c o n t i n u e d  e v i d e n c e  of hepa t i t i s  o f  g r e a t e r  t h a n  1 yea r ' s  d u r a t i o n  a n d  five for 
m o r e  t h a n  2 years.  T h e s e  observat ions  a r e  i n  k e e p i n g  w i t h  r e c e n t  r epo r t s  t h a t  



PEN.017.0881 

394 Richard D. Aach,  e t  a l .  

10 to 30% of  pa t ients  wi th  acute  non-A/non-B hepat i t is  subsequen t ly  d e ­
veloped chron ic  hepat i t is  [5,6]. No clinical fea tures  d u r i n g  t h e  acute  phase  of  
Illness w e r e  found  t o  b e  predictors o f  pro longed hepati t is .  

T h e  introduction of a nontransfused control populat ion followed i n  a n  
identical fashion makes  i t  possible  t o  evaluate  t h e  ro le  that  hospitalization a n d  
surgery might  play in  t h e  risk of acqui r ing  hepat i t is .  O f  t h e  7 1 2  controls, 16 
cases (2.2%) deve loped  hepati t is .  N o  pat ients  h ad  serologic ev idence  of acute  
HA infection, b u t  o n e  control h a d  H B .  T h e  mean  incubat ion per iod of 3 9  days  
for the  remaining  15 cases  was  comparable  to t h e  44  d a y  average  of  t h e  
non-A/non-B cases in  t h e  t ransfused group,  Howeve r ,  several  observations 
were  no t  comparable  a n d  n e e d  fu r ther  s tudy.  T h e s e  inc lude  a lower  p e a k  
ALT, t he  absence  of  control cases  wi th  apparent  chronic  hepati t is  a n d  t h e  
small c luster  o f  cases  wi th  onsets  d u r i n g  t h e  third  a n d  four th  w e e k  af ter  
enrollment.  Although a hospitai-related etiology o t h e r  than  non-A/non-B 
infection is suggested,  factors such  as  anesthet ic  (e.g., halothane),  d r u g s  
associated wi th  liver function abnormali t ies,  a n d  a complicated postoperative 
course could  no t  b e  ident i f ied.  However ,  t he se  prel iminary f indings  d o  
demonstrate t h e  occurrence of a low inc idence  of hepat i t is  among  non-
transfused hospital ized patients, undergoing  surgery w h o  a r e  closely fol lowed 
prospectively. 

Although th is  i s  a n  in ter im analysis of a n  on-going s tudy,  cer ta in  interest­
ing  observations per ta in ing  t o  risk factors for t h e  transmission of hepat i t is  b y  
blood have  emerged .  T h e  incidence  of posttransfusion hepat i t is  var ied 
substantially b e t w e e n  t h e  four  participating centers ,  b u t  th is  appears  t o  b e  
related primarily to t h e  source  of blood.  T h e  h igh  rate o f  hepati t is  associated 
with t h e  commercial  (paid) d o n o r  has  b e e n  wel l  described[7-9].  Hepat i t is  
occurred in  42.3% of  recipients  t ransfused wi th  only commercial  uni ts ,  a rate 
eight  t imes g rea te r  than  that associated wi th  t h e  u s e  of  al l-volunteer  blood.  
Patients rece iv ing b o t h  volunteer  a n d  commercial  blood h a d  a hepat i t is  rate 
closely approximating b lood f rom commercial  donors  a lone.  Blood collected 
b y  a hospital b lood b a n k  (Ben T a u b ,  Houston) w a s  associated wi th  a n  attack 
rate of 17.2%. T h e  lower  socioeconomic status of t h e  donors  a n d  perhaps  the  
recipients at- th is  part icipating c e n t e r  are factors wh ich  might  have  in f luenced  
t h e  risk of acqui r ing  hepati t is  following transfusion i n  th is  populat ion.  

In previous  s tudies ,  t h e  n u m b e r  of un i t s  of blood t r ans fused  w a s  found  to 
b e  an important  risk factor fo r  t h e  transmission of hepat i t is!  10, 11), I n  our  
study, a h ighe r  rate of 'post t ransfusion hepat i t is  was observed  for  patients  
receiving 4 o r  more  uni ts ,  b u t  t h e  e f fec t  appeared  to b e  largely restricted to  
patients g iven b lood  obta ined  f rom rep lacement  donors .  Us ing  discriminant 
multivariate analysis o f  t h e  recipients receiving only vo lun tee r  blood,  a more  
striking correlation was  f o u n d  wi th  t h e  maximal donor  ALT  va lue  and  the  
occurrence of  non-A/non-B posttransfusion hepati t is  than wi th  transfusion 
volume. A similar  re la t ionship was  also found for  rec ip ien ts  of commercial 
units only b u t  t h e  s amp le  s ize  was  small.  Factors such  a s  t h e  a g e  a n d  sex of t h e  
recipient,  pr ior  t ransfusion,  t ype  of surgery,  the  anes the t ic  a g e n t  used ,  an d  t h e  
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anti-HBs status o f  the  recipient  and donor  w e r e  not  correlated with non-A/ 
non-B hepatitis transmission. 

Recently, a non-A/non-B carrier state has  b e e n  demonstra ted!  12}. i n  
addition, three  i ndependen t  groups of investigators! 13,15], including t h e  
TTV Study  G r o u p ,  h a v e  succes s fu l ly  t r ansmi t t ed  h u m a n  non-A/non-B 
hepatitis to ch impanzees  b y  inoculation of  serum from impl icated donors. T h e  
observation that several  of t he se  donors h a d  A L T  abnormali t ies  on  repeated  
sampling suggests  that a n  elevated A L T  level might  b e  a marker  for t h e  
non-A/non-B agent(s). 

Since t he  T T V  s tudy is  an  on-going effort  ou r  s amp le  s ize  will cont inue t o  
grow. Although o u r  s tudy  suggests that screening donor  un i t s  fo r  A L T  levels 
might b e  u se fu l  in r educ ing  t h e  inc idence  of non-A/non-B posttransfusion 
hepatitis, t h e  da ta  mus t  b e  interpreted wi th  caution s ince  t h e  n u m b e r  of 
patients analyzed to da t e  i s  small. Also, the re  a r e  a n u m b e r  of  causes  for a n  
elevated A L T  o the r  t h a n  viral hepati t is ,  o n e  possible  reason w h y  4 1  of t h e  7 5  
patients g iven blood wi th  a n  abnormal  A L T  level d id  n o t  d e v e l o p  ev idence  of 
hepatitis in serial follow-up. Furthermore,  30  of  t h e  6 5  non-A/non-B cases 
received b lood wi th  normal  A L T  values, 

More data o n  this po in t  are obviously requ i red  a n d  o u r  observations n e e d  
to b e  confi rmed.  Clearly,  careful  standardization of t e c h n i q u e  and  reagents  
is a prerequis i te  for  fu tu re  investigations. 

SUMMARY 

Dur ing  its first 2'/z years,  t h e  TTV Study C r o u p  has  prospectively 
followed 595  recipients  a n d  712  nontransfused controls.  Seventy-five (12.6%) 
of t he  recipients deve loped  posttransfusion hepati t is  (10  type  B and  6 5  
non-A/non-B). Among controls,  16 (2.2%) deve loped  hepa t i t i s  inc luding o n e  
pat ient  wi th  type B. 

Hepat i t is  ra tes  among  recipients  b y  donor  source  w e r e  7.5% volunteer  
blood, 17.2% b lood  from t h e  hospital blood bank a t  Ben  T a u b  a n d  42.3% com­
mercial blood.  A relat ionship b e t w e e n  transfusion v o l u m e  a n d  t h e  risk of 
hepatitis w a s  noted ,  primari ly among  recipients  g iven b lood  collected b y  t h e  
hospital b lood bank.  Recipients  of volunteer  blood h a d  a relatively constant 
low risk b y  comparison,  w h i l e  recipients  o f  commercial  b lood h a d  a h igh  risk 
at  all transfusion volumes.  

Discriminant  mult ivariate analysis showed  that of t h e  mul t ip le  risk factors 
s tudied,  a n  elevated d o n o r  A L T  value correlated mos t  closely with t h e  
deve lopment  o f  non-A/non-B hepati t is  in recipients  of vo lun tee r  donor  blood. 
Hepati t is  occurred m 3.4% of recipients  w h o  rece ived  donor  un i t s  wi th  
normal A L T  values  in contrast  t o  38.9% among  those  g iven  a n  e levated A L T  
donor  uxiit(s). Maximal d o n o r  A L T  was  a m o r e  important  de te rminan t  than t h e  
n u m b e r  of units  t ransfused.  Screening  volunteer  donor  uni t s  for  A L T  may  b e  
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u se fu l  in  r e d u c i n g  t h e  i n c i d e n c e  o f  hepa t i t i s  a l t hough  f u r t h e r  s t u d y  is  
war ran ted .  
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