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RPB LARKE. Blood borne viral infections in transplantation: Hepatitis viruses and retroviruses. Can 
J Infect Dis 1993;4(Suppl C):20C-25C. Hepatitis viruses B (HBV). C (HCV) and D (HDV) and the 
retroviruses human immunodeficiency virus (HIV-1) and human T celllymphotropic virus type I (HTLV-1) 
and type ll (HTLV-11) have been transmitted from infected organ and tissue donors to allograft recipients. 
Ascertainment of personal risk factors by healU1 questionnaire may exclude volunteer blood donors recenlly 
exposed to lransmissible diseases who could be in the 'window period' of the infection, when rouline 
serological screening tests are negative. Difficulty in oblaining historical evidence of possible recent 
exposure from a critically ill prospective organ donor may make the residual risk of infection slighlly h igher 
than U1e risk estimated per unit of transfused products from serologically screened volunteer blood donors. 
Current estimates of residual r isk from transfusion based on United States data are: one in 200,000 units 
for HBV; one in 2000 to one in 6000 units for HCV; one in 40.000 lo one in 60,000 units for HIV-1; and 
one in 69,272 units for HTLV-1/11. Despite recent improvements in anti-HCV testing, current screening 
assays underestimate the incidence of transmission and prevalence of HCV infection among immunosup 
pressed organ recipients: evidence of ongoing HCV infection depends on detection of HCV RNA by 
polymerase chain reaction. Determination of I-IIV-1 p24 antigen may facilitate idenliilcation of prospective 
organ donors in ll1e window period of early infection and may enhance serological fo llow-up of allograft 
recipients al risk of transplantation-associated HIV-1 infection. Highly sensitive assays that can be 
completed very rapidly are needed to ensure greater safely for the recipient of an emergency organ 
transplant, where time to screen a prospective donor for infectious diseases may be extremely limited. 

Key Words: Hepatitis B virus. Hepatitis C virus. Human immunodeficiency virus. Human T ceU lymphoiropic 
virus. Transplantation 

Infections virales a diffusion hematogene dans les cas de transplantation: virus de 
l'hepatite et retrovirus 

Les virus de l'hepatite B (HBV). C (IICV) et D (HDV) etles retrovirus que sont le virus de l'immunodeficience 
humaine (HIV-l) et le virus de Ia leucemie humaine des cellu les T (HTLV-1 /II) ont ete transmis par les 
organes ou les tissus infectes de donneurs a des receveurs d'allogreffes. La verification des facteurs de 
risque personnels par l'entremise de questionnaires sur Ia sante pourrait ecarter les donneurs de sang 
volontaires recemmenl exposes a des maladies transmissibles dont l'infection se trouve en periocle de 
latence et doni les epreuves de depislage serologique de routine sonl de ce fait negatives. La difficulle a 
oblenir des preuves cl'une exposition recente possible chez un donneur d'organe polenliellemenl lres 
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malad e. risque d'elever legerementle risque residue! cl'infeclion par comparaison au risque eslime par unite 
de produit sanguin transfuse a parlir de donneurs de sang volontaires ayant subi un depistage serologique. 
Les estimations actuelles de risque residue! provenant de donnees americaines sur Ia transfusion sont de 
1 pour 200.000 unites a regard du HBV, de 1 pour 2.000 a 1 sur 6.000 unites pour le HCV el de 1 a 40.000 
a 1 a 60,000 unites pour le HTV-1 et de 1 pour 69.272 unites pour le HTLV- 1 /II. En depit des recentes 
ameliorations quant au depistage anli-HCV. les tests actuels sous-esliment !'incidence de transmission et 
la prevalence de !'infection au HCV parmi les receveurs d'organes immunosupprimes. La preuve qu"il y a 
infection au HCV evoluUve depend du depistage de rADN du HCV par Ia reaction en chaine de polymerase. 
La detenninaUon de rantigene p24 du HlV- 1 pourrait faciliter !'identification de donneurs d 'organes 
potenliels qui en sont ala periode de latence d 'une infection et pourrait ameliorer le suivi serologique des 
receveurs cl'allogreffes a risque a regard d'une infection a HCV- 1 a la suite d 'une transplantation. Des 
epreuves tres sensibles qui peuvent etre effectuees tres rapidement sont necessaires pour assurer une plus 
grande securite pour les receveurs de transplantation d'organes d 'urgence. lorsque le temps manque pour 
effecluer un depistage a upres du donneur potenliel a regard de maladies infectieuses. 

A LARGE NUMBER OP SOLID ORGAN AND CORNEAL TRANS

plant procedures are carried out in Canada each 
year (Table 1). An undetermined, but probably much 
larger. number of Canadians receive other soft. tissue or 
bone transplants. based on estimates from the United 
Siat.es (1). 

Transmission of various blood borne pathogens from 
infected organ and tissue donors t.o the transplant 
recipient has bet>n reviewed in recent. years ( 1 ,2). Infec
tious complications may arise from transplantation of 
virus-infected organs and tissues even if the recipient 
has serological evidence of previous exposure to that 
particular virus. as seen with cytomegalovirus. Pre
vious clinical management of the underlying pathologi
cal condition in the transplant recipient may have 
increased the risk of exposure to certain viral patho
gens; for example, the patient with end-stage renal 
disease may have acquired infection with hepatitis B 
virus (HBV) or hepatitis C virus (HCV) as a result of 
earlier hemodialysis or blood transfusions. In studies of 
transplantation-associated disease. it. may be difficult 
to distinguish between blood or blood products trans
fused in the perioperative period and the donor organ 
or tissue as the source of viral infection . 

Current policies and practices in transfusion medi
cine have made the Canadian blood supply as safe as it 
can be within lhe limits of donor honesty and know
ledge about risk exposures and the sensitivity of care
fully performed state-of-the-art laboratory tests to 
detect. transmissible agents. Obtaining information on 
recent. exposure to infection is essential in the selection 
process for volunteer blood donors. Those whose per
sonal health questionnaire reveals possible recent con
tact with a transmissible disease could be in the 
'window period' of the infection, when routine serologi
cal screening tests are negative: they would thus escape 
rejection as donors if laboratory tests alone were used 
lo determine acceptability. As a minimum safety meas
ure, potential donors of organs and tissues must be 
screened serologically for all of the infectious disease 
markers thai apply to volunteer blood donors. However, 
it may be impossible to question a critically ill prospec
tive organ donor or to otherwise ascertain a donor's risk 
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TABLE 1 
Solid organs and corneas transplanted in Canada, 1989-
1991 

Year 
Organ/tissue 1989 1990 1991 Total 

Kidney 858 838 851 2547 
Liver 152 199 225 576 
Heart/ lung 203 226 217 646 
Pancreas 4 4 7 15 
Cornea 2412 2518 2103 7033 
Total 3629 3785 3403 10.817 

factors for recent exposure lo hepatitis viruses or 
retroviruses. Therefore, U1e residual risk of infection 
from a serologically screened organ or tissue donor is 
probably going to be slighlly higher than the risk esti
mated per unit. of transfused blood products obtained 
using current Canadian standards for selection and 
serological testing of voluntary blood donors. 

The relatively short lime interval adopted in practice 
between removal of solid organs from the donor and 
their transplantation into recipients (Table 2) may neces
sitate decisions on donor suitability being made on llle 
basis of preliminary serological screening tests only. 
More sophisticated supplementary or confirmatory 
tests may have to be completed after a heart. lung or 
liver has already been transplanted. Alllle other end of 
the spectrum. bone may be preserved in a viable stale 
for many months before use as a transplant tissue. 
Ideally, bone is obtained from living donors who are 
retested for transmissible diseases three to six monllls 
later; the bone is transplanted only if the donors remain 
serologically free from infection (1) . 

HEPATITIS VIRUSES TRANSMITTED BY 
ORGAN AND TISSUE TRANSPLANTS 

In 1954, Shutkin (3) published a report of 'homolo
gous-serum hepatitis' transmitted by a graft. of cancel
lous bone that had been frozen in a tissue bank for five 
months after removal from a donor who had died of 
nonhepaiic causes. The bone graft. recipient developed 
icteric hepatitis 10 weeks postoperatively but, in the 
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TABLE 2 
Time interval adopted in practice between removal of 
organ or tissue from donor and transplantation into 
recipient 

O~n/tissue 

Heart/lung 

Liver 

Kidney 

Cornea 

Bone 

Time 

Within 4 to 6 h 

Up to 18 h 

Up to 48 h 

Usually removed within 6 h (maximum 
24 h) but can be preserved for 10 days 

Can be stored for many months 

absence of specific serology at that time, one could not 
differentiate between HBV and HCV infection. 

Well-documented transmission of HBV by renal 
transplants was reported by Wolf et al in 1979 (4). 
Recipients of two kidneys from a donor seropositive for 
hepatitis B surface antigen (HBsAg) (subtype ay) and 
hepatitis B e antigen (HBeAg) developed asymptomatic 
HBV infection with serological markers identical to the 
donor's within six months of transplant surgery. Nei
ther organ recipient had any blood transfusions in the 
immediate pretransplant or post-transplant period. 

Hepatitis D virus (delta agent), which can replicate 
only in persons infected with HBV, has also been sus
pected of transmission by renal transplantation. Both 
HBsAg-positive recipients of the kidneys from an 
HBsAg-positive donor reported by Lloveras et al (5) 
developed fulminant hepatitis. In one recipient, this 
later proved lobe related lo superinfection with hepati
tis D virus. 

Current enzyme immunoassays (EIA) used for rou 
tine serological screening of blood and organ donors for 
HBsAg are extremely sensitive and specific. The fre
quency of transfusion-transmitted HBV infection is es
timated to be about one in 200,000 per unit of blood or 
blood product transfused in the United States (6); com
parable data have not been reported for Canada. The 
residual risk of infection from serologically screened 
organ and tissue donors may be slightly higher than the 
above rate of one in 200,000 due to lhe reduced effi
ciency of eliminating organ donors whose medical his
lory may suggest recent exposure lo HBV. Corneas 
obtained from HBsAg-positive donors have not trans
mitted infection but the outcome may have been altered 
by administration of hepatitis B immune globulin and 
hepatitis B vaccine to the recipients (1). 

Despite exclusion of HBsAg-positive blood and or
gans. the incidence of chronic liver disease after trans
plantation has not been completely eliminated in 
allograft recipients. Most of the residual non-A, non -B 
hepatitis has now been aU.Iibuted to infection with 
HCV. A study of cadaver organ donors to the New 
England Organ Bank between 1986 and 1990 who were 
screened retrospectively using a first generation EIA for 
anti -HCV was reported by Pereira ei al (7). They re-
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viewed all recipients of organs from anti-HCV-positive 
donors for evidence of liver disease. They found that 
nine of 12 seropositive donors (75%) transmitted the 
virus; clinical hepatitis began a mean of 3.8 months 
after transplantation in 14 of the 21 organ recipients 
(67%). HCV was established as the cause of post-trans
plantation liver disease in 12 of the 13 organ recipients 
for whom follow-up serum samples were available; in 
three of these cases, U1e relationship was based on HCV 
RNA detected by polymerase chain reaction (PCR). On 
the basis of these observations, Pereira et al (7) stated 
that their organ bank would no longer permit trans
plantation of non-lifesaving organs such as kidneys or 
pancreas from donors who tested positive for anti-HCV. 

The paper by Pereira et a l (7) reporting transmission 
of HCV by organ transplantation stimulated several 
letters to the editor of the journal which had publis hed 
the data. A brief report from Norway provided anecdotal 
evidence ofHCV transmission by frozen bone grafts (8). 
Other writers questioned the validity of the findings in 
the original report (9) or challenged the conclusion that 
the risk of transmitting HCV by organ transplantation 
justified discarding the kidneys ofHCV-positive donors 
(10). 

To clarify some of the issues arising from their 1991 

publication (7), Pereira et al carried out a more inten
sive study of HCV transmission by organ transplanta
tion, supplementing their first generation EIA results 
with data from two second generation tests (11). They 
reviewed evidence thai seroconversion to anti -HCV 
usually occurs within three months of parenteral expo
sure but may take as long as one year and may be 
associated with either clearing or persistence of the 
virus. Viremia may persist in some persons without a 
sustained anti-HCV response. Detection ofHCV RNA in 
the serum has been accepted as evidence of ongoing 
viral infection. Although Pereira et al (7) had used PCR 
to detect HCV RNA in their earlier study, a change in 
primers for the second study resulted in a 40% incre
ment in positive tests for HCV RNA a mong their organ 
recipients who had liver disease after transplantation 
(11). Results from the second study indicated that a 
positive screening test for a.nti-HCV in cadaveric organ 
donors was associated with an 82% likelihood of per
sistent HCV infection as detern1ined by HCV RNA as
says. Among HCV RNA-negative recipients of organs 
from HCV RNA-positive donors, post-transplantation 
HCV infection developed in 100%, irrespective of lhe 
presence of post-transplantation liver disease; only 
62% of these recipients developed anti-HCV. Pereira et 
a! (11) concluded thai current tests for antibodies to 
HCV underestimate the incidence of transmission and 
the prevalence of HCV infection among immunosup
pressed organ recipients. 

In response to other investigators who have sug
gested lhal organs from anti-HCV-positive donors 
might be transplanted safely inlo anti-HCV-positive 
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recipients (10), Pereira el al (11) gave several reasons 
why this practice may not be advisable. First, among 
recipients of organs from HCV-positive donors. the 
prevalence of post-transplantation liver disease was the 
same among those who had anli-HCV before transplan
tation and those who did nol. Second, the antibodies 
detected by current anti -HCV tests are not neutralizing 
antibodies and do not confer immunity. Third , the 
current anli-HCV tests do not reliably predict the pres
ence or absence ofHCV RNA in serum before transplan
tation. Fourth, there is evidence that there is more than 
one strain of HCV and infection with one strain may not 
protect against infection with another strain. 

Using a first generation EIA to screen blood donors 
for anti-HCV, Donahue et al (12) estimated the risk of 
post-transfusion hepatitis C to be about one per 3300 
units transfused in the United States. Kleinman el al 
(13) screened blood donors using a second generation 
EIA and supplementary recombinant immunoblot as
say (RIBA) and reported improved detection of donors 
who had potentially infectious HCV RNA as determined 
by PCR. They concluded that the current risk of trans
milling HCV from donors negative by the second gen
eration EIA is very low, in the range of one in 2000 to 
one in 6000 per unit of blood transfused (13). As noted 
above. the residual risk of infection from a serologically 
screened organ or tissue donor may be slightly higher 
than the risk from volunteer blood donors. 

In following recipients of solid organs for evidence of 
transplantation-associated HCV infection, seroconver
sion to anti-HCV may be delayed as long as 16 months 
in some patients, as detected by both screening EIA and 
supplemental RJBA; actual infection can be established 
much earlier by demonstrating HCV RNA by PCR. This 
observed delay in seroconversion is thought to be re
lated to the immunosuppressive therapy given to organ 
transplant recipients (14). Investigators in Spain re
ported that 44% of their patients who were anti-HCV
positive before renal transplantation became seronega
tive one to five years later ( 15). They concluded that this 
may reflect an evanescence of antibody titres in trans
plant patients or an insufficiency of the anti-HCV test 
as a follow-up marker of infection . 

RETROVIRUSES TRANSMITTED BY ORGAN 
AND TISSUE TRANSPLANTS 

Reconm1endations that prospective donors of organs 
and tissues be screened for human immunodeficiency 
virus (HIV) infection were first published in 1985 by the 
World Health Organization (16) and the United States 
Centers for Disease Control (CDC) (17). Anxiety related 
to U1e public's perceived risk of developing the uni
formly fatal acquired immunodeficiency syndrome 
(AIDS) from an HIV-infected blood or organ and tissue 
donor is disproportionately high relative to the actual 
very low risk. However, patient concern for the risk of 
donor-to-recipient transmission of 1-IIV increases as 
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evidence mounts that. transplant-related cases can oc
cur and as the number of 1-IIV carriers continues to 1ise 
(2). Current. estimates indicate that about one in every 
250 Americans is infected (6); among Canadians, about 
one in 1000 may be infected with HIV (D Sutherland, 
personal communication, 1992). 

Most of the reported cases of transplantation-associ
ated HIV infection occurred before routine serological 
testing of donors was available (18) . In 1985, Prompt et 
al (19) reported transmission of 1-IIV by kidney trans
plantation. The CDC (20) documented that a bone graft 
from a living donor lransmit.led HIV to the recipient who 
developed AIDS approximately 40 months post-trans
plant; the donor, who had not been screened for HIV 
when the bone had been removed. died 29 months later 
with serologically-proven AIDS. A skin graft was the sus
pected source ofHIV in a recipient who tested seropositive 
37 days after grafting; although the donor had been tested 
for HIV, the skin graft was used before the positive result 
was available (21). Fatal, acute HIV infection with aplastic 
anemia developed in the recipient of a liver transplanted 
under emergency conditions before the donor's positive 
HIV test result was obtained (22). 

An unusual situation occurred in the first. published 
report of 1-IIV transmission by organ transplantation 
from a donor screened for HIV (23). A blood sample 
obtained from the donor two days before his death 
tested negative for HIV antibodies by EIA. By that time, 
the donor had been transfused with 56 units of blood 
and blood components. Subsequent testing of post 
mortem blood and a sample taken al admission to 
hospital, before any transfusions were given, showed 
positive results for HIV. Recipients of a kidney and liver 
from the donor became HJV-positive within three 
months of the transplantation procedure. The report 
attributed the false negative HIV antibody result to 
hemodilution caused by the large number of transfu 
sions the donor received before serum was collected for 
testing. The authors pointed out the importance of 
testing for HIV on a blood sample obtained at hospital 
admission in situations where a donor has sub
sequently been multiply transfused before the organs 
and tissues are removed. 

A more likely, although still rare, event associated 
with a false negative HIV antibody lest on a donor is 
procurement of the organs and tissues during the 'win
dow period' of HIV infection when routine serological 
screening tests are negative. Simonds et al (24) have 
documented thoroughly one such situation in which a 
male donor was negative on two serum specimens 
tested for HIV - 1 by EIA at the time of organ procure
ment. Massive hemodilution prior to testing was not a 
factor since he had received only two units of plasma 
protein fraction before death. The investigation was 
undertaken when a woman was identified as HIV-posi
tive some six years after receipt of a bone allograft from 
this donor. Efforts were made to contact the other 
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recipients of the four solid organs and 54 other tissues 
lhat had been distributed. All four recipients of his 
organs (kidneys. heart and liver) and all three recipients 
of unprocessed fresh frozen bone were infected with 
HfV-1. The 34 persons who had received other tissues 
(including two corneas) were all negative for HfV- 1 
antibody. Spleen cells from the donor that had been 
frozen since the time of organ and tissue procurement 
tested positive for HfV- 1 by culture and PCR. 

ln addition lo transmission of Hrv lo recipients of 
kidney. liver. heart. bone and skin transplants, HfV 
infection has also been associated with pancreas and 
bone marrow transplants (2,18). Although Hrv has 
been isolated from tears, cornea and conjunctival epi 
thelium. no cases ofHrv transmission by corneal trans
plantation have been reported even though corneas 
from HfV-infecled donors h ave been transplanted inad
vertenUy ( 1.2.24). 

From their extensive review of reports of Hrv infec
tion in patients with solid organ transplants published 
before mid- 1990, Erice et al (18) have made a number 
of observations. Among 16 patients who were seronega
live for HIV al transplantation, the mean lime of pro
gression to AIDS was 32 months; patients included those 
infected by lhe donor organ. by blood transfused during 
the perioperative period or by unknown means. During 
the first two months after transplantation. several pa
tients developed prolonged , unexplained fevers with 
splenomegaly, enlarged lymph nodes. abnormal liver 
function tests . leukopenia. lymphopenia and thrombo
cytopenia. These clinical findings were attributed to the 
syndrome of acute infection with HIV. The reviewers 
concluded that the differential diagnosis of fever of 
unknown origin occurring within two months of trans
plantation should include acute HIV infection. An im
portant finding in the review was that HfV infection did 
not appear lo affect adversely the function of the trans
planted organ. Clinical management of symptomatic 
HIV-infected recipients of transplanted organs should 
include reduced doses of standard immunosuppressive 
medications, probably because of the inherent immuno
suppressive effects of HfV (18). 

Serological follow-up of patients who m ay be at risk 
of transplantation-associated Hrv infection may be en
hanced by determination of circulating p24 HfV- 1 anti
gen using solid phase antigen capture EIA. Perez et al 
(25). in a retrospective study of stored frozen serum 
samples from patients who acquired HIV infection fol 
lowing renal transplantation between 1979 and 1985. 
reported that detection of p24 antigen preceded anti
body seroconversion by one to six months. HIV antigen
emia is characteristically transient, with the p24 
antigen decreasing or becoming undetectable as the 
HfV- 1 antibody appears and litre increases (25-27) . 

Human T celllymphotropic virus type I (HTLV-I) and 
type II (HTLV-ll) have been transmitted by blood trans
fusion (28) and therefore potentially by organ and lis-
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sue transplantation as well. Perez el al (25) reported 
one confirmed seroconversion among 224 renal trans
plant patients studied retrospectively at the University 
of Miami; they did not attempt to differentiate between 
HTLV-I and HTLV-II in their laboratory assays. No 
clinical illness attributable to HTLV-I or HTLV-ll infec
tion developed in their patient. Adult T cell leukemia 
and a myelopathy, tropical spastic paraparesis. are 
linked causally to HTLV-I infection (28). A 4% lifetime 
risk of developing either of these diseases has been 
estimated for a person infected with HTLV-I, but only 
the myelopathy has been associated direcUywilh trans
mission of the virus by transfusion (6). Three patients 
with T cell hairy-cell leukemia and two patients with a 
chronic neurodegeneralive syndrome have been re
ported among persons with HTLV-II infection (28) . ll 
has been suggested that dialysis and transplant pa
tients with HTLV-I infection need careful follow-up be
cause the natural course of the relroviral infection may 
change in patients with spontaneous or induced defects 
in cellular and humoral immunity (25); presumably the 
same would apply to transplantation -associated HTLV
II infection. 

Continuing refinements in serological tests for 
retroviruses have combined with other improvements 
in the education and selection of blood donors to en
hance further the safety of our blood supply (6 ,26,28) . 
Third generation double antigen sandwich immuno
assays can detect J-IIV antibody up to 13 days earlier 
than the second generation assay can. and may even be 
reactive before any band appears in the Western blot 
(29). While such early HIV antibody detection may 
further shorten the infectious 'window period', cur
rently estimated to be about 45 days (6). it raises the 
possibility of diminishing the usefulness of the Western 
blot to confirm the presence of antibodies during early 
infection (29). Zaaijer el al (29) detected HIV antigen in 
all sera tha t were reactive for antibody by third genera
tion EIA before any band appeared in the Western blot; 
they advise laboratories to do an HIV antigen lest on 
third generation ErA-positive, Western blot-negative 
sera. 

The residual risk for HfV- 1 infection from donor 
screened blood in the United Slates is currently esti
mated to be in the range of one in 40,000 to one in 
60,000 per unit transfused and perhaps as low as one 
in 225.000 (6 ,28). The corresponding residual risk for 
J-ITLV-I/II is estimated to be one in 69,272 units (28) . 
The screening test now used by most blood banks for 
HTLV-1 is prepared with antigens from the lysate of an 
HTLV-1 cell culture and contains no antigens specific 
for HTLV-11; there is a need to improve the sensitivity of 
the EIA screening lest to detect HTLV-IJ infected donors 
(28). 

The risk of retrovirus infection from a serologically 
screened organ or tissue donor is very low but will likely 
remain slightly higher than the rates noted above for 
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carefully selected blood donors screened for HIV and 
HTLV-1/11. Canadians can expect to continue to benefit 
from somewhat lower rates of undetected retroviral 
infection than those quoted from United States sources 
for screened donors. Further applied research is needed 
to develop highly sensitive assays that can be com
pleted very rapidly to ensure greater safety for the 
recipient of an emergency organ transplant. where time 
to screen a prospective donor for infectious diseases 
may be extremely limited. 
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