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The incidence of tissue allograft-transmitted infection is unknown and can best be 
inferred from prospective studies - that have not yet been performed and reported. 
Viral infections have been transmitted via tissue allografts such as bone, skin, cornea, 
and heart valves. Bone allografts have transmitted hepatitis C, human 
immunodeficiency virus (HIV -1 ), and human T -cell leukaemia virus. Corneas have 
transmitted rabies, hepatitis B virus, cytomegalovirus (CMV), and herpes simplex virus. 
Heart valves have been implicated in transmitting hepatitis B. HIV -1 and CMV have 
been transmitted by skin allografts. Use of comprehensive donor eligibility criteria; 
excluding potential donors with behaviours risky for HIV -1 and hepatitis infection, and 
donor blood testing have greatly reduced the risk. Recent reports of HIV transmitted 
from a seronegative donors prompts the addition of viral nucleic acid testing of the 
donor. During tissue processing, many allografts are exposed to disinfectants and 
sterilisation steps such as gamma irradiation, which further reduce or remove the risk of 
transmitted disease. Some viruses are fairly resistant to gamma irradiation and the high 
doses needed may be harmful to the tissue allografts. Because the effectiveness of some 
tissue grafts depends on cellular viability, not all can be subjected to sterilisation steps, 
and, therefore, the risk of infectious disease transmission remains. For these, preventing 
the transmission of viral infection relies mostly on careful donor selection and viral 
testing, but processing with mild disinfectant can be useful. To further assure safety in 
the use of allografts, the physician and hospital should select tissue banks that follow 
national professional standards as their source for allografts. 

INTRODUCTION 

Tissue transplantation therapy, which has been utilised for over 50 years 111, is a 
rapidly developing field carrying with it great promise for ameliorating or curing many 
diseases. One of its drawbacks, however, is the potential for donor-to-recipient disease 
transmission. This risk is greatly reduced by excluding donors at risk of carrying 
infection and by testing the donor for transmissible infectious disease. Aseptic surgical 
technique in a quality environment, when removing the tissue from the donor, when 
processing and storing the tissue and during implantation is critically important to 
prevent bacterial and fungal contamination. Non-viable tissue grafts such as bone can 
undergo disinfection and sterilisation steps. During the past two decades the disease 
transmission risk associated with tissue transplantation has been greatly reduced by 
implementation of standards set by professional organisations, such as the American 
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Association of Tissue Banks l21, the European Association of Tissue Banks (EATB) [31, 

the Eye Bank Association of America l41, and governmental regulations. However, the 
incidence of transplant-transmitted infection is unknown and the studies needed to 
determine this have not been performed. 

Cadaveric donations (Table 1) and clinical transplants (Table 2) of cornea, bone, 
skin, heart valve, and other tissue allografts in the USA greatly exceed that of organs l51. 
Organ transplantation flourished in the early 1980s following the discovery and 
introduction of cyclosporin as an effective immune suppressant. 

Table 1. Cadaveric organ tissue donation in the USA. 

Type of Donor Tissue Donations Per Year 

Cornea donors * 

Bone, skin, or other tissue donor t 

Organ donor : 

* Eye Bank Association of America (EBAA) l41 
t American Association of Tissue Banks (AATB) l21 

t United Network for Organ Sharing (UNOS) l51 

46,729 

18,021 

6,082 

Table 2. Estimated number of allografts transplanted annually in the USA. 

Tissue Transplants 

CADAVER TISSUE * 

Bone 675,370 

Cornea t 50,868 

Skin (sq. ft.) 11,222 

Heart Valve 5,500 

Vessels 433 

Pericardium 5,327 

*American Association ofTissue Banks (AATB) [21; Office of the Inspector General l61 
t Eye Bank Association of America- 2001 

This brought a large supply of cadaveric donors available that could also be used for 
tissue donation. Unlike the limitations of organ transplants, tissue transplantation 
generally is not limited by HLA histocompatibility barriers l71 or by ABO blood group 
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incompatibility [SJ_ No longer a scarce resource, the widened availability of tissue 
allografts encouraged new clinical use and brought attention not only to their 
effectiveness and advantages over autografts but also to their drawbacks, side effects, 
and complications. One complication of tissue transplantation has been transmission of 
viral infections of donor origin to the recipient [9' 101 . Viral infections can be transmitted 
if the donor has a viral infection and the viral levels are too low for detection. In 
asymptomatic donors who are recently infected, a transient viremic phase can exist prior 
to development of a positive donor-screening test for antibodies. Preventing donor-to
recipient infectious disease transmission relies heavily on selecting safe donors not only · 
through testing, but also by medical and social behaviour screening to select donors 
more likely to be free of transmissible infections. In addition, sterilisation with gamma 
irradiation can be important. 

Some tissue allografts, e.g. corneas, heart valves and skin, need to remain viable and 
cannot be exposed to disinfectants or sterilised without an unacceptable loss of viability. 
Other grafts are non-viable, largely comprised of acellular connective tissue, and can be 
disinfected or sterilised more freely resulting in a greater assurance of sterility (Table 3). 
This review focuses on viral infections transmitted through transplanted tissues and 
steps taken for its prevention. 

Table 3. Allograft characteristics affecting ability to transmit disease. 

Nonviable Allograft Viable Allograft 

Type 

Bone Heart valve and vessels 

Dura mater Cornea 

Pericardium Skin 

Tendon Marrow 

Costal cartilage Blood stem cells 

Fascia Vascularised organs 

Ear ossicles Semen and oocyte 

Foetal tissue 

Characteristics 

Non-viable Contains viable cells 

Acellular May be antibiotic treated 

Connective tissue Cannot be sterilised 

Can be processed, sterilised 
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VIRAL INFECTIONS TRANSMITTED BY CORNEAL ALLOGRAFT 

Human Immunodeficiency Virus: 

As thin avascular tissue, cornea comprises a well-hydrated transparent layer of 
connective tissue and a single-cell layer of viable endothelial cells. Consequently, it is 
not very immunogenic nor is it often rejected by the recipient, unless it becomes 
vascularised. Similarly it is not very efficient in transmitting viral infectious disease 
from the donor. Diseases transmitted through corneal transplants are listed in Table 4. 
The cornea is not efficient in carrying or transmitting HIV. Based on assumptions about 
HIV antibody test sensitivity, Goode et al. estimated that 3 per 10,000 cornea allografts 
would be from HIV-infected donors despite HIV antibody testing [111. There have been 
several documented cases in which cadaveric organ and tissue donors were infected 
with HIV but the cornea recipients did not become infected. Although HIV has been 
isolated from tears, retina, cornea, aqueous humour, iris, and conjunctiva [12-161, HIV 
from infected cadaveric donors has not been transmitted to cornea recipients [17•181. This 
should not be surprising because the inoculum of HIV is small in the relatively 
avascular, hypocellular cornea compared to that in an organ transplant or a blood 
transfusion from an HIV infected donor. 

Table 4. Viral diseases transmitted by tissue allografts. 

Allograft Virus 

Hepatitis C 

Hepatitis, unspecified type 
Bone 

HIV 

HTLV 

Hepatitis C 
Tendon 

HIV 

Hepatitis B 

Rabies 
Cornea 

Herpes simplex virus 

Cytomegalovirus (?) 

Heart Valve Hepatitis B 

HIV (?) 

Skin Cytomegalovirus (?) 

Hepatitis C(?) 

Saphenous vein Hepatitis C 
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Hepatitis B Virus 

Failure to transmit viral infection from hepatitis B surface antigen (HBsAg)-positive 
donors has been reported in two recipients of corneas. This suggests that the cornea is 
inefficient as a mode ofHBV transmission, although in these cases the administration of 
hepatitis B immune globulin and vaccine to the recipient may have prevented 
infection 1191 . 

Khalil eta/. assessed the presence ofHBsAg and HBV DNA in corneal buttons taken 
from HBsAg-positive donors 1201. They found HBV in a small percentage of corneas. 
Others studied 31 donors infected with HBV or HCV and were unable to detect HBV 
DNA or HCV RNA in the corneas 1211. Despite this inefficiency, HBV transmission by 
corneal transplantation has been reported. 

In earlier reviews by O'Day 1221 and Raber and Friedman 1191 there were brief reports 
of hepatitis B transmission to cornea recipients from HBsAg positive donors. Two 
cases of recipient HBV infection after transplants from two different HBsAg-positive 
donors were eventually reported 1231 . Corneal donations took place from two donors; 
one in 1984 from an alcoholic man and one in 1985 from an injecting drug user. Tests 
for HBV were performed on the donor retrospectively after recipients developed HBV 
infections. Both donors were positive for HBsAg. Only one of the two recipients of 
corneas from each of the two donors developed symptomatic HBV infection. 

The use of current professional standards and federal regulations would have 
prevented these cases since exclusion of donors with hepatitis risk behaviours and 
testing for HBsAg are now required. 

Rabies 

Rabies virus infection in humans is often found in the cornea. Because of this, a 
cornea impression test has been useful for early diagnosis 1241. Corneal allografts are 
also capable of transmitting rabies. Seven cases of fatal rabies transmission from cornea 
transplantation have been reJ?:orted in the US, France, Thailand and India during 1979-
1988 and in Iran in 1994 12 -311. The first case involved a 39-year-old man in the US 
with ascending paralysis 1261 and the second involved a donor in France who died from 
paraplegia, encephalitis and myocarditis 1271. 

In 1997 Javadi eta!. and Gode and Bhide each reported rabies developing in two 
patients who received corneal transplants from the same donor 125'311. Each of these 
cadaveric donors had an obvious acute neurological illness clinically consistent with 
rabies. National professional standards used by tissue banks today prohibit the use of 
these donors and would have prevented these cases of rabies transmission. 

Other Viruses 

Cytomegalovirus does not appear to be readily transmitted by cornea transplantation 
from seropositive cadaveric donors to seronegative recipients. Of 25 seronegative 
patients receiving a corneal graft from a seropositive donor, only two seroconverted 1321. 

Herpes simplex virus, type 1, has been found widespread in corneal stromal cells but 
only one case of transmission by a cornea allograft has been reported. The infection 
caused corneal deterioration in the recipient by the fifth day after transplant 1331. HSV 
DNA was found in two of five cornea allografts from other donors 1341_ 
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VIRAL INFECTIONS TRANSMITTED BY BONE ALLOGRAFT 

Hepatitis 

Hepatitis has been reported from use of unprocessed refrigerated and frozen bone 
allografts, but not from bone grafts that were cleaned of cells and fat with water jetting 
and ethanol soaks prior to being freeze dried or treated with sterilants such as gamma 
irradiation or ethylene oxide. In 1954, prior to the availability of viral hepatitis testing 
of donors, a Yale medical student received a refrigerated bone graft to treat a depressed 
fracture of the proximal tibia and developed hepatitis with jaundice 10 weeks later 1351 . 

The bone graft was obtained from the amputated leg of a patient with occlusive vascular 
disease and gangrene. Otherwise, the donor was in good health, with normal liver 
function tests and without a history of jaundice or liver disease. The donor had received 
blood transfusions 3 years previously. 

Three reports from nearly a decade ago documented that hepatitis C virus (HCV) can 
be transmitted from donor-to-recipient through the use of frozen, unprocessed bone 
allografts 136•37•381 . In the first case, donor testing for HCV antibodies was not available. 
HCV was transmitted by the use of a femoral head allograft after it was donated by a 
donor undergoing hip arthroplasty and stored frozen for 2 months 1361 . In a second 
report, HCV was transmitted from an infected cadaveric tissue donor through frozen, 
unprocessed bone and tendon grafts, but not through freeze-dried bone allografts that 
were treated with gamma irradiation 1381. In this study, the cadaver bone donor tested 
negative for HCV antibodies using the first generation test available at the time of 
donation in 1990, but stored serum tested positive when a new, more sensitive test was 
introduced in 1992. Testing for HCV RNA by polymerase chain reaction (PCR) was 
also positive. In a third brief report involving five HCV-infected organ and tissue 
cadaveric donors, a minority of the recipients of frozen bone allografts became infected 
with HCV 1371 . 

In a more recent case, an HCV-infected organ and tissue donor was tested and found 
negative for HCV antibodies 139•401 . Despite this negative screening test for HCV, 
several organ and tissue recipients became infected. When blood samples from the 
donor were tested later for HCV RNA, the results were positive and this confirmed the 
link between the donor and multiple infected recipients. The donor had been recently 
infected and was viremic but had not yet produced detectable antibo(,iies. Bone 
allografts from the same donor that had been treated with gamma irradiation did not 
transmit HCV. With the implementation ofHCV RNA as a donor-screening test in the 
future, cases such as this would be prevented. 

There have been no reports of HBV transmission through bone transplantation, 
although it has been recognised as a complication of organ, cornea, and heart valve 
transplantation. It is quite probable that there have been transmissions but none have 
been recognised and published. 

Human Immunodeficiency Virus 

HIV-1 has been transmitted through blood, tissues, and organs 141•421. Viable HIV-1 
can be recovered from bone, marrow, and tendons of patients with acquired 
immunodeficiency syndrome 143-461 . In 1984, a fatal HIV-1 infection was transmitted to 
a woman undergoing spinal fusion for scoliosis through the use of a frozen femoral head 
allograft several weeks after it had been donated during hip arthroplasty from a donor 
who had a history of intravenous drug abuse and who had an enlarged lymph node that 
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had been biopsied the previous year [471 . Both the donor and the bone allograft recipient 
subsequently died of AIDS. A test for IITV-1 antibody was not available at the time of 
donation. This donor would not have been eligible to be a donor today due to his 
history of intravenous drug abuse and lymphadenopathy. There have been other cases 
oflllV infection in recipients of bone allograft derived from HIV-infected donors who 
were not tested for HIV at the time of donation. Prior to HIV antibody test availability 
in Germany, 12 recipients had frozen bone allo~rafts from an infected cadaveric donor 
during November 1984 through January 1985 [4 1. Only four of these recipients became 
HIV positive. Seven remained HIV-negative. In Taiwan a man donated a femoral head 
during hip replacement surgery but was not tested for mv. The bone allograft was used 
in a 34-year-old woman in 1996 during knee reconstructive surgery. She seroconverted 
with lllV antibodies when tested five months later 1491 . 

Another reported case of lllV transmission through the use of frozen bone allograft 
involved a seronegative but infected cadaveric donor but the test was new and not veg 
sensitive. Multiple organs, corneas, bones, and connective tissues were transplanted 142 . 

Three organ recipients and three recipients of frozen bone and tendon allografts became 
HIV infected. These allografts had not been sterilised with gamma irradiation or 
ethylene oxide gas prior to use. The donor tested negative for HIV antibody at the time 
of donation in October 1985, which was a few months after the first, relatively 
insensitive HIV antibody testing kits became available. Between 1985 and 1991, there 
were several modifications that greatly improved test sensitivity. Prior to 1989, HIV 
antibody was detectable a median of 63 days after initial infection [50' 511 . A study of 
HIV infected blood donors between March 1987 and 1991, when whole viral lysate 
enzyme immunoassays were used to detect HIV antibodies, . showed an average 
seronegative window period of 45 days 1521. A report in 1992 showed HIV antibody test 
kits in use at that time detected twice as many infected individuals as did the test kits 
available in 1985 [531. Since 1992, lllV antibody tests became even more sensitive, 
detecting IgM, the earliest form of antibodies, an average of 8-20 days earlier [54•551 and 
resulting in a seronegative window period of approximately 22 days [56,571• Since then 
blood donor testing for HIV RNA by nucleic acid testing (NAT) has been implemented 
and has further reduced the risk of a transfusion and when validated and implemented 
for cadaver tissue donors will reduce the risk in tissue transplantation [581 . 

The prevalence of HIV antibodies in bone donors is low and when the medical 
history screening and selection processes are applied vigorously, it should not be greatly 
different from that of voluntary blood donors. This may be true for living bone 
donors rs9-611 but not necessarily for cadaveric donors. Of9000 living bone donors who 
donated femoral heads at the time of hip arthroplasty surgery, none were found to have 
confirmed positive tests for HIV -1 antibodies at the time of donation [S9J. Prevalence of 
infectious disease markers in surgical bone donors was not different from that of blood 
donors, except for a higher prevalence of false positive syphilis tests and antibodies to 
HBV core protein [601. Retesting of 1608 livin~ bone donors 180 days later yielded none 
with confirmed positive HIV or HCV tests [ 11 . Of 5513 cadaver bone donors tested 
throughout the United States in 1992, there were three confirmed positive for HIV 
antibodies [621, but these three were from a single tissue bank that later disclosed 
accepting donors with risk factors for HIV. A more recent survey by AATB [631 

revealed a higher prevalence rate of infectious disease markers than have been reported 
for blood donors, with rates ranging from 2 to 40 times higher (Table 5). The addition 
of viral nucleic acid testing, since 1999, in screening blood donors for HIV and HCV 
has further reduced the risk from blood donors. First time blood donors have a hi~her 
infectious disease marker rate and may be more similar to organ and tissue donors 16 1. 
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Because prospective tissue donors with HIV risk behaviours and positive tests for 
HIV are excluded and most bone graft processing removes blood and marrow cells and 
applies disinfectants and sterilants, the risk ofHIV transmission by bone transplantation 
is now very remote, if not nearly absent [651 . The risk of transmittinf HIV through bone 
grafting has been calculated to be less than one in a million grafts [6 •671, and is even less 
if the graft has been subjected to processing and sterilisation steps using gamma 
irradiation or ethylene oxide. However, the HIV transmission risk is higher in the less 
frequently used frozen unprocessed bone allograft. An accurate estimate of the risk 
cannot be made until a more accurate determination of the prevalence ofHIV infection 
in the donor and recipient population is available and prospective studies have been 
done on recipients. 

Table 5. Donor exclusions for hepatitis and HIV risk behaviour. 

HIV and Hepatitis Risk Behaviour Exclusions 

Persons with clinical or laboratory evidence ofHIV infection 

Men who have had sex with another man even one time in past 5 years 

Non-medical injections of drugs in past 5 years 

Persons with haemophilia or related clotting disorders who have received 
human-derived clotting factor concentrates 

Persons who engaged in sex for money or drugs in past 5 years 

Persons who have had sex with any of the above in past 12 months 

Exposure to blood suspected to be HIV or hepatitis infected through 
percutaneous inoculation of open-wound or mucous membrane contact in past 
12 months 

Inmates of prisons for at least 7 days in past 12 months 

Tattoo in past 12 months 

Human T-Lymphotrophic Virus 

Asymptomatic HTLV-I infection has been transmitted by transplantation of a fresh
frozen unprocessed femoral head bone allograft [681. A 62-year-old man became 
infected by HTL V from a blood transfusion in 1987 during hip surgery. One month 
later he developed fever a rash and a transient right-sided radial nerve palsy. Frozen 
sera obtained during this illness but tested later demonstrated HTL V seroconversion. In 
1991 he donated a femoral head without anti-HTL V testing during a second surgery for 
a hip prosthesis. The unprocessed frozen femoral head was used as a graft in a different 
patient one month later. This bone graft recipient developed HTLV-I antibodies but had 
no HTLV-I associated disease. 
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INFECTIONS FROM CARTILAGE AND OSTEOCHONDRAL ALLOGRAFTS 

Costal cartilage allografts are routinely disinfected or sterilised prior to their use as 
allografts and provided in a freeze-dried or frozen form. There have been no reports of 
processed costal cartilage transmitting infection from the donor to the recipient. Donald 
and Cole surveyed 312 surgeons who used cartilage allografts preserved by 8 different 
methods for facial reconstructive surgery 1691. They found a postoperative bacterial 
infection rate of 19% that was similar to the 16% reported following use of autologous 
cartilage. 

VIRAL INFECTIONS TRANSMITTED BY TENDON ALLOGRAFTS 

Viral Diseases 

The use of the patellar tendon allograft to replace the knee's injured anterior cruciate 
ligament has become commonplace 1701. HIV has been isolated from tendons in HIV 
infected persons 143•711 and has been transmitted from a seronegative cadaveric tissue 
donor through a donated patellar tendon used in knee surgery 1421 . HCV was transmitted 
to recipients of frozen tendon allografts from an anti-HCV positive cadaveric donor 1381. 
It is possible that HIV and HCV were harboured in the unprocessed bone blocks at 
either end of the tendon allograft. These allografts had not been processed to remove 
blood and marrow cells. Despite these cases, the risk to recipients is presumably low as 
long as donor-screenin~ steps are applied as required by national standards 12•721 and 
federal regulations 173-75 . In addition, tendons can be treated with gamma irradiation to 
further reduce the risk of disease transmission. 

Selecting donors without risk factors and without HCV antibodies make the risk of 
spreading HCV by transplant an exceedingly rare event. However, an early HCV 
infection in a cadaveric organ and tissue donor not yet producing antibodies was 
reported recently 139'401 . A patellar tendon allograft recipient developed acute, 
symptomatic hepatitis C in May 2002, six weeks after transplantation. No other 
potential sources of infection were identified. The tissue donor was anti-HCV negative 
but stored serum showed HCV RNA when tested later. Thirty-nine other persons 
received tissues or organs from this same donor. Early results of a partially completed 
investigation showed that of 18 recipients tested, six showed HCV infection including a 
lung recipient who became HCV RNA positive on day 4 and died of liver failure 14 
months later. Presumably, the cadaveric donor was in a viremic stage early in infection 
prior to antibody development. To date cadaveric testing for HCV RNA is not available 
for routine use. HCV RNA should be considered for cadaveric tissue donors as soon as 
test reliability has been evaluated particularly using cadaveric samples obtained up to 24 
hours after death. 

VIRAL INFECTIONS TRANSMITTED BY 
CARDIOVASCULAR ALLOGRAFTS 

Viral Diseases 

The capacity of human heart valve allografts to transmit HBV was demonstrated in a 
study of thirty-one patients who received heart valve allografts from HBsAg-positive 
donors. Twenty-two recipients were HBsAg-positive prior to transplant or were 
immune to HBV and not susceptible to HBV infection. Of the nine recipients 
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susceptible to HBV infection, only one developed HBV viral markers. None developed 
clinically apparent hepatitis. However, four susceptible recipients received hepatitis B 
immune globulin and one received HBV vaccine following transplant, which may have 
prevented infection [761 . Currently all donors are tested for HBsAg and if positive are 
excluded. Despite testing donors for HBsAg and anti-HBc, HBV transmission can still 
occur because some donors can have circulating HBV at levels not detectable in routine 
tests. Thijssen et al. found one of 676 heart valve allograft donors to have HBsAg 
detectable with routine screening tests [77J. fu addition, they found 10% to have anti
HBc. Fifty-two of 63 donors with anti-HBc also had antibodies to HBV surface protein 
(anti-HBs), indicating a resolved HBV infection and a recovered, immune non
infectious status. Three of those with anti-HBc but without anti-HBs were positive for 
HBV DNA using a more sensitive liquid-phase DNA hybridisation assay. This would 
suggest a possible value of anti-HBc donor testing to prevent transmission of HBV; 
however, one study of blood donors has shown a lack of predictive value in preventing 
post-transfusion hepatitis [781 . More recently, however, several reports have confirmed 
that some anti-HBc positive donors will be positive for DNA and will transmit HBV [791. 

Recently a case of illY infection transmitted by use of a saphenous vein allograft 
was reported. The cadaveric donor had no known HlV risk factors or signs of hepatitis 
and had negative tests for mv antibodies. Subsequent studies demonstrated HCV RNA 
in the donor serum that was the same serotype, I a, as that found in the donor. 

VIRAL INFECTIONS TRANSMITTED BY SKIN ALLOGRAFTS 

Viral Infection 

Viral disease transmission by skin allografts has been reported. Epidermal cells can 
be infected withillV-1 and the epidermis ofillV-infected individuals can transmit HlV 
to white cells in vitro [80'811. fu one study HlV RNA was found in only one of twelve 
infected patients [821. Clarke reported, in a brief letter, a weakly positive test for 
antibody to mv -1 in a burn patient after receiving skin from an mv -positive donor [831. 
The results of donor testing were not known before the skin was used. The authors did 
not report whether other recipient risk factors were present or the results of confirmation 
testing. HlV transmission from skin allograft has been recently reviewed [84•851. 

Transmission of hepatitis from skin allograft has not been reported although HCV 
nucleic acid has been demonstrated in skin from infected donors [381 . There are recent 
reports implying transmissibility of human cytomegalovirus (CMV). Animal models 
clearly demonstrate that skin grafts are capable of transmitting CMV [86' 891 . Earlier 
studies by Kealey et al. showed that bum patients acquire CMV during hospitalisation 
and that blood transfusions may be a contributing factor f90J_ A subsequent study 
eliminated blood transfusion as a contributor by studying patients who received skin 
allografts but no CMV-positive blood. They showed that CMV-negative bum patients 
who receive skin allografts from CMV-positive donors can seroconvert to become 
CMV-positive [911 . 

CMV resides in peripheral blood leukocytes in asymptomatic CMV antibody
positive donors long after their initial infection. Asymptomatic CMV -positive donors 
can transmit CMV infection through transfusion and transplantation if the recipient is 
CMV negative. Most healthy adult prospective donors have CMV antibodies, and 
therefore excluding CMV positive donors to prevent CMV transmission would 
exacerbate the already existing shortage of skin allografts and would not be practical. 
Testing donors for CMV antibody is not required by national professional standards. 
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Immunosuppressed individuals such as organ recipients have a high mortality and 
morbidity rate from transplant-transmitted-CMV of donor origin. The burned patient 
also acquires CMV infection but does not generally experience serious complications as 
regularly as organ recipients, perhaps because burn-related immunosuppression may be 
less profound than that produced by drugs used to prevent organ rejection. As burn 
patients begin to receive potent immunosuppressants such as cyclosporine to block 
rejection of skin allografts, CMV may become a more serious complication of burn care 
and related blood transfusion and skin allografting. Further studies of skin allograft 
recipients are needed to determine whether transmission of CMV by skin allograft is 
associated with symptomatic disease as seen in organ transplantation recipients, or is 
asymptomatic as generally seen in transfusion-transmitted CMV infections in 
immunocompetent blood transfusion recipients. It is thus premature to assume that it is 
beneficial to base selection of skin donors on CMV antibody testing. 

EMERGING INFECTIOUS RISKS 

Infectious risks of tissue transplantation have often been identified after first being 
recognised as blood transfusion-transmitted infections. Many real or theoretical risks of 
tissue transplantation can be considered by looking at the emerging infections that 
threaten to affect transfusions [92•931 . Most recently West Nile Virus (WNV) infection 
has swe~t through the US with nearly 4,000 human cases identified and 254 deaths in 
2002 [94 . In addition to being mosquito-borne, WNV has been transmitted through 
organ transplantation, blood transfusions, transplacental intrauterine spread and 
percutaneous route from laceration and needlestick [941 . A new corona virus infection 
recently caused a severe acute respiratory syndrome (SARS) and spread across the 
continents [951. Although the susceptibility of these viruses to gamma irradiation or 
other sterilants is unknown, the routine use of sterilisation may provide some protection 
from transmission by tissue transplantation. 

REDUCING THE RISK THROUGH DONOR SELECTION 

To minimise the risk of transmitting viral infectious disease, several important 
approaches are taken by transplanting surgeons and tissue banks. An initial approach by 
the surgeon is to judiciously use tissue allografts only when needed and from accredited 
organisations, use sterilised allografts whenever possible and consider use of autografts 
and alternative non-human graft material. However, the most important steps are 
exercised by the tissue bank in excluding those prospective donors who have known or 
suspected viral infections or are suspected by their behaviours to be at risk for HIV and 
hepatitis (Table 5). Tissue transplantation is generally considered a non-urgent surgical 
procedure, permitting a careful tissue donor selection process. Tissue donor selection 
by tissue banks has evolved to include a direct interview with the donor's next-of-kin 
concerning the donor's medical history and risk behaviours for HlV and hepatitis along 
with blood infectious disease testing, a physical examination and the results of an 
autopsy examination, if performed (Table 6). These donor selection steps are essential 
activities that result in a low risk of transmitting viruses. In addition, many tissue 
allografts can undergo further processing and exposure to disinfectants or sterilants, all 
of which further reduce the hazard of disease transmission [651. Although there have 
been no carefully controlled studies of allograft recipients to determine the incidence of 
disease transmission, there is good reason to believe that established donor screening 
procedures, infectious disease testing and processing and sterilisation effectiveness to 
reduce or eliminate viruses, results in a very low risk of transmitting disease. 
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Table 6. Cadaver tissue donor selection steps to prevent virus transmission. 

Voluntary donation without monetary inducement 

Health History Review: 

• Review of medical records 
• Interview of next of kin 
• Exclusion of those with infection, no HIV, hepatitis risk behaviour 

Blood Tests: 

• Hepatitis B surface antigen 
• Antibody to HIV-1, HIV-2, HCV 
• Antibody to HTLV-I, HTLV-II, syphilist 
• Antibody to HBV Core Antigen (for living donors only) tt 
• Nucleus acid test (future) 

Physical Examination: 

• Unexplained jaundice 
• Evidence of injectable drug use 
• External signs of infection, including HIV 

Autopsy Examination (if performed): 

• Exclude those with infection 

Maternal HIV testing and risk factor exclusion if donor < 18 months old 

{t AATB, EBAA, UNOS & American Red Cross requirements; tt AATB Requirement} 

Donor Selection 

One important contribution to recipient safety is to seek voluntary, non-remunerated 
donors. Monetary inducement to the next-of-kin of cadaveric tissue donors is 
prohibited by professional standards [21 but it is being considered as a means of reducing 
the severe organ supply shortage in the US [961 . 

Monetary payment to donors for blood donation increases the risk of disease 
transmission [971 . Monetary incentives to donate may cause donors or their next of kin 
to be untruthful about the donor's health history information and to donate when they 
should not. Published data clearly show a 5-10 times increased incidence of donor-to
recipient post-transfusion hepatitis B virus infection with the use of paid blood 
donors [971 . In addition, there is an 11-15 times increased prevalence ofHCV antibodies 
and 3-14 times increased prevalence ofHIV antibodies in paid blood donors compared 
to voluntary blood donors [971 . HCV RNA was detected more often in clotting factor 
concentrates derived from paid donor plasma than volunteer donor plasma [981_ 
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To minimise the risk of transmitting infectious disease, tissue donor eligibility 
requirements have been set by national professional standards £2•4•721, US Public Health 
Service guidelines 199•1001, and US federal regulations [73-751 . Donor selection is an 
important first step taken to ensure that the resulting allograft is safe and effective. The 
cadaver tissue donor selection process includes a donor's medical and social history 
obtained from the next-of-kin and medical care providers, blood tests, a physical 
examination performed by tissue bank personnel, and an autopsy, if performed 
(Table 6). Preliminary donor selection is based on the donor's medical history and 
circumstances surrounding death. Donors are excluded if elements of the past medical 
and social history or recent hospitalisation indicate a risk of infection, malignant 
disease, or inadequate quality of donated organ or tissue. The living donor, the legal 
consenting next-of-kin or life partner of a cadaveric donor, or both, must be directly 
interviewed to determine whether IDV or hepatitis risk behaviours are present (Table 5). 
Persons with lllV and hepatitis risk behaviours are excluded from donation. The tissue 
bank physician makes the final determination of suitability of a cadaveric tissue donor 
as required by national professional standards £2•721. 

Physical Examination of Donor 

The next screening step is a limited physical examination of the tissue donor by 
procurement staff at the time of cadaveric donation [2•721 . The body is examined for 
signs of injecting drug use and signs oflllV, hepatitis or other infection or trauma over 
bodily sites that can affect the quality of donated tissue. 

Blood Testing of Donor 

Donor blood testing for disease markers plays an important role in reducing the risk 
of disease transmission. By eliminating prospective donors with infectious disease risk 
factors prior to blood testing, the risk of a seronegative but infected donor is minimised. 
Testing for HBsAg, anti-IDV, and anti-HCV is required by federal regulations [73"751 and 
national professional standard setting organizations £2•4•721 . Other tests required by 
standard setting organizations are syphilis and anti-HTLV-I/ll £2•4•721. 

IDV antigen (p24 antigen) testing of the donor is not performed by most tissue or 
organ banks. Large-scale studies of low risk [I01J and high risk £1021 blood donor 
populations demonstrated a lack of utility for IDV antigen screening. These blood 
donor studies and similar studies on smaller numbers of cadaver bone £1031 and 
cornea [1041 donors did not detect HIV infected donors beyond those already detected by 
testing for lllV antibodies. However, some regions of the world may have a higher 
prevalence oflllV infection and in these populations IDV antigen testing may be useful, 
especially if lllV RNA testing is not performed. One tissue bank has reported finding 
bone donors with negative tests for IDV antibodies but positive tests for lllV antigen. 
Presumably these IDV antigen tests were not false positive. The bone bank has added 
the precaution of treating all bone allografts with 2.5 Mrad gamma irradiation l105l. 

Studies are underway to determine whether testing donors for IDV RNA and HCV 
RNA by nucleic acid testing is practical. One study of 1424 cadaver bone donors 
showed that the use oflllV DNA (not lllV RNA) and p24 antigen blood testing did not 
detect additional illY infected cadaveric bone donors [lOJJ_ Alll424 donors negative for 
IDV-1 antibodies were also negative for lllV DNA. This is what is expected since the 
appearance of IDV DNA in a recently infected person's blood does not occur sooner 
that the onset of detectable antibodies. On the other hand, lllV RNA appears earlier 
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and has a greater potential benefit. Although HIV RNA testing is more sensitive than 
antibody assays, it may be premature to apply it routinely to cadaver donor testing due 
to the low HIV prevalence in the donor population, its uncertain predictive value, its 
false positive rate, and its false negative rate due to haemoglobin contamination and 
other potentially interfering substances in cadaveric post-mortem blood samples. 

Testing of living blood donors for HIV and HCV RNA has markedly improved the 
safety of the blood supply even though screening has been done using pools of 16 to 24 
samples rssJ. Initially, viral nucleic acid testing was not feasible in blood donor 
screening applications due to lack of automation, time and space restrictions and cost. 
Recently, however, test systems are being used to test over 13 million blood donations 
annually in the United States: the Roche Molecular Systems COBAS AMPLISCREEN 
tests for HCV and HIV and the Gen-Probe/Chiron Pooled Plasma HIV-1/HCV 
Amplified Assay. Testing is being done on pooled samples using pools of 24 or 16. 
Testing of pooled samples reduces the number of tests required on a daily basis, the 
time to perform testing and the cost. It also takes into account the rapid rise of viral 
RNA in recently infected individuals so that pooling has a minimal impact on the 
sensitivity of these assays. The increased sensitivity of these systems over previously 
available PCR tests has also made this possible. Both systems have now been licensed 
for blood donor screening and efforts are underway to qualify them for organ and tissue 
donor screening. The same approach is now being tested in trials for HBV and WNV. 

Many bone banks test donors for anti-HBc, a test originally introduced for blood 
donors as a surrogate for detecting non-A, non-B hepatitis carriers. The utility of this 
test as a surrogate has been diminished since adding specific tests for HCV (HCV 
antibodies and HCV RNA), the major cause of non-A, non-B hepatitis [781 . Although not 
required by AATB Standards and in the absence ofHBV DNA testing, the use of anti
HBc in donor testing likely had a safety benefit in reducing HBV infections. Several 
reports have documented the presence of HBV in the sera of HBsAg-negative, anti
HBc-positive blood donors [79' 106'1071. These reports also suggest that the addition of 
HBV DNA testing will increase the sensitivity of HBV detection but may not entirely 
replace the need to test for anti-HBc or HBsAg. For example, recipient directed 
lookback procedures have revealed recipients of HBsAg negative, NAT negative, anti 
HBc-positive blood components to have been infected with HBV f79l. 

Hemodilution of Donor Blood Sample 

Massive blood loss and intravascular volume replacement by transfusion of blood, 
colloid, and crystalloid solutions can cause hemodilution and result in unreliable donor 
test results for infectious diseases (IOSJ. In 1987 a case was reported ofHIV transmission 
to multiple recipients of organs derived from an infected donor. Testing of the donor 
was negative when blood was sampled immediately after receiving blood transfusions 
amounting to two to three total blood volumes and an additional large volume of 
crystalloid solution over an eleven-hour period [1091. When a blood sample was obtained 
48 hours later was tested for anti-HIV, it was positive due to intravascular 
replenishment of immunoglobulin from extravascular sites. 

In 1993 US federal regulations f?JJ were first published, with subsequent modification 
[74'751, requiring quarantine of tissue from adult donors who had blood loss and received 
greater than two litres of blood and colloids within 48 hours of blood sampling or 
greater than one litre of crystalloid within a one hour of sampling. The donated tissue 
was not to be used unless a pre-transfusion sample was available for testing or an 
algorithm used to evaluate blood and colloid volumes administered in the 48 hours prior 
to sampling to ensure sufficient plasma dilution to alter test results has not occurred. 
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AATB Standards also require . tissue banks to follow written procedures setting 
hemodilution limits to prevent use of false negative results when testing post
transfusion blood samples for infectious disease 121. Acceptability limits must be part of 
written procedures. Standards of the American Red Cross Tissue Services require that 
in the case of blood loss and transfusion within 48 hours of death, a pre-infusion sample 
must be used 1721 . A post-infusion sample may be used in patients with major clinical 
blood loss provided that the tissue bank physician has evaluated whether blood and 
crystalloid infusions have compensated for blood loss, estimated hemodilution is 50 
percent or less of the total blood volume and the tissue bank physician gives written 
approval. The estimated amount of hemodilution depends upon the type of fluid infused 
and the amount of time elapsed since infusion. 

Quality of Cadaver Donor Blood Samples 

The testing of cadaveric tissue donor serum for viral markers may be complicated by 
false positive tests when sampling is delayed after death 11041 or when there is 
haemolysis [53'1041. False positive results for HBsAg and p24 antigen due to haemolysis 
may be found depending upon which manufacturer's test kit is used 1531. Sample quality 
and presence of haemoglobin can also cause false negative results when testing for IDV 
and HCV by NAT [IIO,lllJ_ Frozen storage and multiple freeze-thaws do not have a 
major effect on detectability of antibodies to infectious agents in serum, but they may 
reduce the reliability of testing for microbial nucleic acids by NAT. Busch et al. 
showed that multiple freeze thaws can reduce the detectability of HCV RNA by 
NAT [ll2J_ Published studies are too few to draw any firm conclusions, other than a 
possible deleterious effect of frozen storage and freeze thawing on testing serum for 
HCV RNA and peripheral blood white cells for ffiV DNA by NAT. Despite this, NAT 
was used to detect and retrospectively diagnose HIV infection using marrow specimens 
from an organ and tissue donor and frozen sera from organ recipients 5 years after the 
donation and transplantation 1421• HCV testing by NAT was also useful in confirming 
HCV infection in one cadaveric donor 1381 and was essential in another 1391. Although 
NAT for hepatitis and IDV will be very useful, the tests are under development for 
organ and tissue donor testing. 

Autopsy 

Autopsies of donors are not generally required but for those tissues that can be 
stored, a final donor suitability determination is not made by the tissue bank physician 
until the results of the autopsy, if performed, have been reviewed [Z,72J. Autopsy 
findings may not be reliable in detecting viral infections but results have disqualified 
donors with undiagnosed malignancy, widespread granulomas, abscess, and pneumonia. 

Living Bone Donor Selection 

Femoral heads can be donated by persons undergoing hip arthroplasty. Donor 
medical history screening and testing requirements are similar to those for cadaver bone 
donors, except that the donor medical history interview can be made directly and a 
retest for IDV and HCV antibodies is required 180 days following donation 12•72•99•1001. 

The retest aims to identify recently infected donors who were seronegative for IDV and 
HCV antibodies at the time of donation. This 180 day retest is required for semen and 
bone donors but not for living donors of blood, marrow, amnion, umbilical veins, or 
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foetal tissue. Retesting the low risk voluntary living bone donors has not detected any 
additional infections despite thousands of donations and retests [611, whereas it may have 
utility in the higher risk population of paid semen donors. Most tissue banks have 
ceased collecting surgical femoral heads, partly due to lower quality, but also due to the 
difficulties of acquiring the 180-day sample for retesting. Testing of samples for HCV 
and mv RNA from living donors at the time of donation would enhance safety and 
could eliminate the need for a 180-day retest. 

REDUCING THE RISK DURING CADAVERIC TISSUE PROCESSING 

Tissue allografts can be contaminated by bacteria or fungus during processing from 
environment surfaces and air, from personnel, from contaminated reagents, surgical 
instruments, supplies and processing equipment. In cases of mv and HCV 
transmission by tissue allografts, the origin of the virus has been from infection of the 
donor. Electrolyte solutions purchased commercially [ll3J or deionised water prepared 
by the tissue bank [1141 can be contaminated by bacteria and contaminate the tissue 
allograft when used for processing. In rare cases, there has been HBV contamination 
acquired during liquid nitrogen storage [1151. This has led to the widespread practice of 
using the vapour phase rather than submersion in the liquid phase. Viral contamination 
during tissue processing has not been reported. 

The bone graft disinfection and sterilisation step most often used by bone banks in 
the United States is gamma irradiation at doses of 15 to 30 kGy [1161. For several types 
of tissue, processing steps involve elimination of blood cells and exposure to 
disinfectants such as alcohol and peroxide, both of which have viral inactivation 
properties. The use of sterilants such as gamma irradiation, ethylene oxide and heat, are 
more reliable for eradicating viable viruses. 

SUMMARY 

Transplantation of tissues has resulted in transmitting viral diseases from donor to 
recipient. When the first truly effective immunosuppressant, cyclosporin, became 
available in 1981, organ transplantation flourished. The numbers of organs transplanted 
each year grew rapidly leading to implementation of effective programs to develop 
public support for organ donation. As organ donation grew, so did tissue donation. 
With the rapid growth of transplantation, early cases of transplant transmitted viral 
diseases arose from infections of the donor but could have been prevented if tests were 
available. The use of new and more sensitive donor viral detection tests has reduced the 
risk of recipient infections. 

Early cases of transmitted viral infection involved donors who had mv and hepatitis 
risk behaviours. Exclusion of these as prospective donors has played an important role 
in reducing the risk of transmission. More recently, several cases have been reported 
where the infecting organism is bacterial and fungal instead of viral and the microbes 
did not arise from the donor but was a contaminant acquired during the procurement, 
processing or storage of the tissue. Newer national professional standards and US FDA 
regulations are addressing this area. 

To prevent, or at least minimise, the risk of transmission of infectious disease, 
several approaches are important. Surgeons should use allografts only when needed and 
obtain them from accredited tissue banks. They should consider use of autografts, 
alternative nonhuman graft material, or processed and sterilised tissue allografts 
whenever possible tissue banks reduce the risk for rejecting those donors suspected to 

270 



Viral infections transmitted through tissue transplantation 

be at risk for HIV, hepatitis, or other viral or bacterial infections, performing a donor 
physical examination, reviewing autopsy reports, and the surgical removal of donated 
tissue using aseptic technique. Lastly, sterilisation of certain tissues can be very 
effective, but it is not universally applicable, because some viruses are relatively 
resistant to sterilants and because the clinical effectiveness of many tissues (such as 
skin, cornea, valves, veins) can be altered by sterilisation procedures [ll7J_ Application 
of all these steps will assure a very low risk of transmitting disease from the donor to 
the recipient. 

REFERENCES 

[1] Strong, D.M., The USNavy tissue bank: fifty years on the cutting edge, Cell 
Tissue Banking,. 2000, l, 9-16. 

[2] McLean, V. A., Standards For Tissue Banking, American Association of 
Tissue Banks (AATB), 2001. 

[3] European Association of Tissue Banks (EATB), Standards For Tissue 
Banking, Berlin, Germany, 2000. 

[4] Eye Bank Association of America (EBAA), Medical Standards. Washington, 
DC, USA, 2002. 

[5] United Network for Organ Sharing (UNOS), Cadaveric Donors and Cadaveric 
Organ Transplantation In The US, UNOS Update, 2001, .lQ, 29. 

[6] Office of the Inspector General, Oversight of Tissue Banking, US Department 
of Health and Human Services, Boston, MA, USA, 2001, pp. 1-17. 

[7] Choo, Y. and Eastlund, T., Tissue transplantation and HLA typing, Tissue Cell 
Report, 1996, J., 2-3. 

(8] Eastlund, T., The histo-blood group ABO system and tissue transplantation, 
Tran~sion, 1998, 38, 975-988. 

[9] Gottesdiener, K. M., Transplanted infections: donor to host transmission with 
the allograft, Ann. Intern. Med., 1989, 110, 1001-1010. 

[10] Eastlund, T., Infectious disease transmission through cell, tissue and organ 
transplantation: reducing the risk through donor selection, Cell Transplant., 
1995, _1, 455-477. 

[11] Goode, S.M., Hertzmark, E. and Steinert, R. F., Accuracy of the ELISA test 
for screening corneal transplant donors, Am. J. Ophthalmol., 1988, 106, 
463-466. 

[12] Cantrill, H. L., Henry, K., Jackson, B., Erice, A., Ussery, F.M. and 
Balfour, H. H., Recovery of human immunodeficiency virus from ocular 
tissues in patients with acquired immune deficiency syndrome, Ophthalmology, 
1988, ~ 1458-1462. 

[13] Fujikawa, L. S., Salahuddin, S. Z., Ablashi, D., Palestine, A. G., Masur, H., 
Nussenblatt, R. B. and Gallo, R. C., Human T-cell leukemia/lymphotropic 
virus type III in the conjunctival epithelium of a patient with AIDS, 
Am. J. Ophthalmol., 1985, 100, 507-509. 

[14] Fujikawa, L. S., Salahuddin, S. Z., Palestine, A. G., Masur, H., 
Nussenblatt, R. B. and Gallo, R. C., Isolation of human T -lymphotropic virus 
type Ill from the tears of a patient with the acquired immunodeficiency 
syndrome, Lancet, 1985, 2., 529-530. 

[15] Heck, E., Petty, C., Palestine, A., Luckenbach, M., Salahuddin, S. Z., 
Nussenblatt, R. and Harris, W., ELISA HIV testing and viral culture in the 
screening of corneal tissue for transplant from medical examiner case, Cornea, 
1989, ~' 77-80. 

271 



Viral infections transmitted through tissue transplantation 

[16] Salahuddin, S. Z., Palestine, A G., Heck, E., Ablashi, D., Luckenbach, M., 
McCulley, J. P. and Nussenblatt, R. B., Isolation of the human T-cell 
leukemia/lymphotropic virus type III from the cornea, Am. J. Ophthalmol., 
1986, lQl, 149-152. 

[17] Pepose, J. S., Macrae, S., Quinn, T. C. and Ward, J. W., Serologic markers 
after transplantation of corneas from donors infected with human 
immunodeficiency virus, Am. J. Ophthalmol., 1987, 103, 798-801. 

[18] Schwarz, A, Hoffman, F., L' Age-Stehr, J., Tegzess, AM. and Offermann, G., 
Human immunodeficiency virus transmission by organ donation: outcome in 
cornea and kidney recipients, Transplantation, 1987, 44, 21-24. 

[19] Raber, I. M. and Friedman, H. M., Hepatitis B surface antigen in corneal 
donors, Am. J. Ophthalmol., 1987, 104, 255-258. 

[20] Khalil, A, Ayoub, M., Abdel-Wahab, S. E-D. and El-Salakawy, A, 
Assessment of the infectivity of corneal buttons taken from Hepatitis B surface 
antigen seropositive donors, Brit. J. Ophthal., 1995, ]51, 6-9. 

[21) Sengler, V., Reinhard, T., Adams, 0., Gerlich, W. and Sundmacher, R., 
Testing of corneoscleral discs and their culture media of seropositive donors 
for hepatitis B and C virus genomes, Graefes Arch. Clin. Exper. Ophthal., 
2001, 239, 783-787. 

[22] O'Day, D. M., Diseases potentially transmitted through corneal transplantation, 
Ophthalmology, 1989,96, 1133-1138. 

[23) Hoft, R. H., Pflugfelder, S. C., Forster, R. L., Ullman, S., Polack, F. M. and 
Schiff, E. R., Clinical evidence for hepatitis B transmission resulting from 
corneal transplantation, Cornea, 1997, 16, 132-137. 

[24] Koch, F. J., Sagartz, J. W., Davidson, D. E. and Lawhaswasdi, K., Diagnosis of 
human rabies by the cornea test, Am. J. Clin. Path., 1975, 63, 509-515. 

[25] Gode, G. R. and Bhide, N. K., Two rabies deaths after corneal grafts from one 
donor, Lancet, 1988, 2, 791. 

[26) Centre for Disease Control, Human to human transmission of rabies by a 
corneal transplant- Idaho, MMWR, 1979, ~ 109-111. 

[27] Centre for Disease Control, Human to human transmission of rabies by a 
corneal transplant- France, MMWR, 1980, 29, 25-26. 

[28] Centre for Disease Control, Human to human transmission of rabies by a 
corneal transplant- Thailand, MMWR, 1981, 30, 473-474. 

[29] Houff, S. A, Burton, R. C., Wilson, R. W., Henson, T. E., London, W. T., 
Baer, G. M., Anderson, L. J., Winkler, W. G., Madden, D. L. and Sever, J. L., 
Human to human transmission of rabies virus by corneal transplant, N. Engl. J. 
Med., 1979, 300, 603-604. 

[30] Baer, G. M., Shaddock, J. H., Houff, S. A, Harrison, A K. and Gardner, J. J., 
Human rabies transmitted by cornea transplant, Arch. Neurol., 1982, 39, 
103-107. 

[31] Javadi, M. A, Fayaz, A, Mirdehghans, A and Ainollahi, B., Transmission of 
rabies by cornea graft, Cornea, 1996, li, 431-433. 

[32] Holland, E. J., Bennett, S. R., Brannian, R., Osborne, J. C., Goeken, J. A and 
Krachmer, J. H., The risk of cytomegalovirus transmission by penetrating 
keratoplasty, Am. J. Ophthalmol., 1988, 105, 357-360. 

[33] Cleator, G. M., Klapper, P. E., Dennett, C., Sullivan, A L., Bonshek, R. E., 
Marcyniuk, B. and Tullo, A B., Corneal donor infection by herpes simplex 
virus: herpes simplex virus DNA in donor corneas, Cornea, 1994, .li, 294-304. 

272 



[34] 

[35] 

[36] 

[37] 

[38] 

[39] 

[40] 

[41] 

[42] 

[43] 

[44] 

[45] 

[46] 

[47] 

[48] 

[49] 

Viral infections transmitted through tissue transplantation 

Tullo, A B., Marcyniuk, B., Bonshek, R., Dennett, C., Cleator, G. M., 
Lewis, A G. and Klapper, P. E., Herpes virus in a corneal donor, Eye, 1990, _4, 
766-767. 

Shurkin, N. M., Homologous serum hepatitis following the use of refrigerated 
bone bank bone, J. Bone Joint Surg., 1954, 36&, 160-162. 

Eggen, B. M. and Nordbo, S. A, Transmission of HCV by organ 
transplantation, N. Engl J. Med., 1992, 326, 411. 

Pereira, B. J., Milford, E. L., Kirkman, R. L., Levey, A S., Tomford, W. W., 
Leibowitz, H., Rhodes, M., Quan, S. and Wilbur, J. C., Low risk of liver 
disease after tissue transplantation from donors with HCV, Lancet, 1993, 341, 
903-904. 

Conrad, E. U., Gretch, D., Obermeyer, K., Moogk, M., Sayers, M., Wilson, J. 
and Strong, D. M., The transmission of hepatitis C virus by tissue 
transplantation, J. Bone Joint Surg., 1995, 77-A, 214-224. 

Tugwell, B. D., Patel, P.R., Williams, I. T., Thomas, A, Homan, H., Hedberg, 
K. and Cieslak, P.R., Hepatitis C virus (HCV) transmission to tissue and organ 
recipients from an antibody negative donor - United States, 42nd Ann. 
Interscience Conj Antimicrob. Agents Chemother. (ICAAC}, San Diego, CA, 
USA, 2002, LB-17. 

Centre for Disease Control, Hepatitis C virus transmission from an antibody
negative organ and tissue donor- United States, 2001-2002, MMWR, 2003, ~' 
273-276. 

Petersen, L. R., Simons, R. J. and Koistinen, J., ffiV transmission through 
blood, tissue and organs, AIDS, 1993, 1, 99-107. 

Simonds, R. J., Holmberg, S. D., Hurwitz, R. L. Coleman, T. R., 
Bottenfield, S., Conley, L. J., Kohlenberg, S. H., Castro, K. G., Dahan, B. A, 
Schable, C. A, et. al., Transmission of human immunodeficiency virus type 1 
from a seronegative organ and tissue donor, N. Engl. J. Med., 1992, 326, 
726-732. 

Buck, B. E., Resnick, L., Shah, S. M. and Malinin, T. I., Human 
immunodeficiency virus cultured from bone. Implications for transplantation, 
Clin. Orthop. Rei. Res., 1990,251,250-253. 

Merz, H., Rytik, G., Muller, W. E. G. and Roder, W., Bestimmung einer mv 
infektion in menschlinchen Knochen, Unjallchirurg, 1991, 94, 47-49. 

Nyberg, M., Suni, J. and Haltia, M., Isolation of human immunodeficiency 
virus (HIV) at autopsy one to six days postmortem, Am. J. Clin. Pathol., 1990, 
94, 422-425. 

Marthy, S. and Richter, M., Human immunodeficie:n.cy virus activity in rib 
allografts, J. Oral Maxillofacial Surg., 1998, 56, 474-476. 

Centre for Disease Control, Transmission offfiV through bone transplantation: 
case report and public health recommendations, MMWR, 1988, 37, 587-599. 

Schratt, H. E., Regel, G., Kiesewetter, B. and Tscheme, H., HIV infection 
caused cold preserved bone transplants, Unfallchirung, 1996, 99, 679-684. 

Li, C. M., Ho, Y. R. and Liu, Y. C., Transmission of human immunodeficiency 
virus through bone transplantation: a case report, J. Formosan Med. Assoc., 
2001, 100, 350-351. 

273 



Viral infections transmitted through tissue transplantation 

[50) Bowen, P. A., Lobel, S. A., Caruanna, R. J., Leffell, M. S., House, M. A., 
Rissing, J.P. and Humphries, A. L., Transmission ofhuman immunodeficiency 
virus (HIV) by transplantation: clinical aspects and time course analysis of 
viral antigenemia and antibody production, Ann. Intern. Med., 1988, 108, 
46-48. 

[51] Horsburgh, C. R., Ou, C. Y., Jason, J., Holmberg, S. D., Longini, I. M., 
Schable, C., Mayer, K. H., Lifson, A. R., Schochetman, G., Ward, J. W., et al., 
Duration of human immunodeficiency virus infection before detection of 
antibody, Lancet, 1989, 2, 637-640. 

[52) Petersen, L. R., Satten, G. A., Dodd, R., Busch, M., Kleinman, S., Grindon, A. 
and Lenes, B., Duration oftime from onset of human immunodeficiency virus 
type 1 infectiousness to development of detectable antibody, Transfusion, 
1994, M, 283-289. 

[53] Nowicki, M. J., Reevaluation of anti-HIV seroprevalence among blood donors 
with contemporary screening assays, Tranfffusion, 1992, 32, S32. 

[54) Stramer, S. L., Heller, J. S., Coombs, R. W., Parry, J. V., Ho, D. D. and 
Allain, J. P., Markers of HIV infection prior to IgG antibody seropositivity, 
JAMA, 1989, 262, 64-69. 

[55) Zaaijer, H. L., Exel-Oehlers, P., Kraaijeveld, T., Altena, E. and Lelie, P. N., 
Early detection of HIV-1 by third generation assay, Lancet, 1992, 340, 
770-772. 

[56] Busch, M. P., HIV and blood transfusions: focus on seroconversion, Vox Sang., 
1994, 62, S3, 13-18. 

[57] Busch, M. P., Lee, L. L. L., Satten, G. A., Henrard, D. R., Farzadegan, H., 
Nelson, K. E., Read, S., Dodd, R. Y. and Petersen, L. R., Time course of 
detection of viral and serological markers preceding human immunodeficiency 
virus type 1 seroconversion: implications for screening blood and tissue 
donors, Transfusion, 1995, 35, 91-97. 

[58) Stramer, S. L., Cagliotti, S. and Strong, D. M., NAT of the United States and 
Canadian blood supply, Transfusion, 2000, 50, 1165-1168. 

[59) Hamilton, J., Eastlund, T., Steckler, D. Prather, J. and Dodd, R., Low 
Prevalence of human immunodeficiency virus seropositivity in surgical bone 
donors. A survey of 20 regional surgical bone banks, Ilh Annual Meeting, 
American Association of Tissue Banks, Denver, CO, USA, 1990. 

[60] Scofield, C., Eastlund, T., Steckler, D., Larson, M., Schuller, R. and 
Petersen, J., Prevalence of infectious disease markers in surgical bone donors, 
I1h Annual Meeting, American Association of Tissue Banks, Boston, MA, 
USA, 1993. 

[61] Scofield, C., Eastlund, T., Larson, N., Steckler, D., Metcalfe, J. and Korent, H., 
Retesting of 1,608 living tissue donors for HIV and HCV. An evaluation of 
results, I1h Annual Meeting, American Association of Tissue Banks, Boston, 
MA, USA, 1993. 

[62] Eastlund, T., Strong, D. M. and Mowe, J., The prevalence of infectious disease 
markers in cadaveric tissue donors: 1992 AATB survey results and a review, 
18th Annual Meeting, American Association of Tissue Banks, San Francisco, 
CA, USA, 1994. 

[63] McLean, V. A., Annual Registration Survey of Accredited Tissue Banks, 
American Association of Tissue Banks (AATB), 2000. 

274 



Viral infections transmitted through tissue transplantation 

[64] Schreiber, G. B., Glynn, S. A, Domesyn, M. A, Wright, D. J., Tu, Y., 
Dodd, R. Y. and Murphy, E. L., Lapsed donors: an untapped resource, 
Transfusion, 2003,43, 17-24. 

[65) Asselmeier, M. A, Caspari, R. B. and Bottenfield, S. A, Review of allograft 
processing and sterilization techniques and their role in transmission of human 
immunodeficiency virus, Am. J. Sports Med., 1993, 21,170-17. 

(66] Buck, B. E., Malinin, T. I. and Brown, M.D., Bone transplantation and human 
immunodeficiency virus; an estimate of risk of acquired immunodeficiency 
syndrome (AIDS), Clin. Orthop., 1989, 240, 129-136. 

[67] Carlson, E. R., Marx, R. E. and Buck, B. E., The potential for HIV 
transmission through allogeneic bore. A review of risks and safety, Oral Surg. 
Oral Med Oral Path., 1995, 80, 17-23. 

[68] Sanzen, L. and Carlsson, A, Transmission of human T-cell lymphotrophic 
virus-type I by a deep-frozen bone allograft, Acta Orthop. Scand., 1997, 68, 
72-74. 

[69] Donald, P. J. and Cole, A, Cartilage implantation in head and neck surgery: 
report of a national survey, Otolaryngol. Head Neck Surg., 1982 90, 85-89. 

[70] Noyes, F. R., Barber, S. D. and Mangine, R. E., Bone patellar ligament-bone 
and fascia lata allografts for reconstruction of the anterior cruciate ligament, 
J. Bone Joint Surg., 1990, 72& 1125-1136. 

[71] Buck, B. E. and Malinin, T. I., Human bone and tissue allografts, 
Clin. Orthop., 1994, 303, 8-17. 

(72] Campagnari, D. and O'Malley, J. (eds.), Standards of the American Red Cross 
Tissue Services, 6th Edition, American Red Cross Tissue Services, Washington; 
DC, USA, 1994. 

[73] Food and Drug Administration (FDA), Human tissue intended for 
transplantation: US Department of Health and Human Services, Rockville, 
Maryland, 21 CFR 1270, Federal Register, 1993, 58, 65514-65521. 

[74] Food and Drug Administration (FDA), Human tissue intended for 
transplantation: US Department of Health and Human Services, Rockville, 
Maryland, 21 CFR 1270, Federal Register, 1997,62,40429-40447. 

[75] Food and Drug Administration (FDA), Suitability determination for donors of 
human cellular and tissue-based products, US Department of Health and 
Human Services, 21 CFR Part 1271, Federal Register, 1999, 64, 52696-52723. 

[76] Morris, A, Strickett, M. G. and Barratt-Boyes, B. G., Use of aortic valve 
allografts from hepatitis B surface antigen positive donors, Ann. Thorac. Surg., 
1990, 12, 802-805. 

[77] Thijssen, E. J., Kroes, A C., Box, E., Persijn, G. G. and Rothbarth, P. H., The 
significance of complete serological testing for hepatitis B in heart valve 
banking, Transplantation, 1993, 2.Q, 82-84. 

[78] Blajchman, M., Feinman, S. and Bull, S., Results of a prospective randomized 
multicenter trial to evaluate the non-A, non-B surrogate tests (ALT and anti
HBc) to prevent post transfusion hepatitis, Blood, 1993, n, S1, 204A 

(79] Roth, W. K., Weber, M., Petersen, D., Drosten, C., Buhr, S., Sereis, W., 
Weichert, W., Hedges, D. and Seifried, C., NAT for HBV and anti-HBc testing 
increase blood safety. Transfusion, 2002, 42, 869-875. 

[80] Berger, R., Gartner, S., Rappersberger, K., Foster, C. A, Wolff, K. and 
Stingl, G., Isolation of human immunodeficiency type 1 from human 
epidermis: viral replication and transmission studies, J. Invest. Dermatol., 
1992, 99, 271-277. 

275 



Viral infections transmitted through tissue transplantation 

[81] Gala, J. L., Vandenbroucke, A T., Vandercam, B., Pimay, J.P., Delferriere, N. 
and Burtonboy, G., HIV-1 detection by nested PCR and viral culture in fresh 
and cryopreserved postmortem skin: potential implications for skin handling 
and allografting, J. Clin. Path.,l997, 50,481-484. 

[82] Kanitakis, J., Escach, S., Trepo, C. and Thivolet, J., Detection of human 
immunodeficiency virus- DNA and RNA in the skin ofHIV-infected patients 
using the polymerase chain reaction, J.Invest. Dermatol., 1991, 97, 91-96. 

[83] Clarke, J. A, HIV transmission and skin grafts, Lancet, 1987, l, 983. 

[84] Van Baare, J., Mackie, D.P. and Middelkoop, E., HIV transmission by 
transplant of allograft skin: a review of the literature, Bums, 1997, 21, 460. 

[85] Pimay, J.P., Vandenvelde, C., Duinslaeger, L., Reper, P. and Vanderkelen, A, 
HIV transmission by transplantation of allograft skin: a review of the literature, 
Bums, 1997, 23, 1-5. 

[86] Abecassis, M., Kaufman, D. and Stuart, F., Direct evidence that murine 
cytomegalovirus (CMV) can be transferred via skin grafting using novel 
oligonucleotides in the polymerase chain reaction (PCR), 19th Annual Meeting, 
American Society of Transplant Surgeons, Houston, TX., USA, 1993. 

[87] Abecassis, M., Transmission of CMV by skin allografts - a review, Tissue Cell 
Rep., 1994, b 15-20. 

[88] Shelby, J. and Shanley, J., Transfer of murine cytomegalovirus by syngereic 
skin grafts, Transplantation, 1987, 44, 318-320. 

[89] Shelby, J., Sa:ffie, J. R. and Kern, E. R., Transmission of cytomegalovirus 
infection in mice by skin graft, J. Trauma, 1998, 28, 203-206. 

[90] Kealey, G. P., Bale, J. F., Strauss, R. G. and Massanari, R. M., 
Cytomegalovirus infection in burn patients, J. Bum Care Rehabil., 1987, ~, 
543-545. 

[91] Cederna, P., Bale, J. F., Strauss, R. and Kealey, G. P., Transmission of 
cytomegalovirus infection by cadaveric allograft in burn patients, 24th Annual 
Meeting, American Bum Association, Salt Lake City, UT, USA, 1994, Al43. 

[92] Chamberland, M. E., Emerging infectious agents: do they pose a risk to the 
safety of transfused blood and blood products?, Clin. Infect. Dis., 2002, 34, 
797-805. 

[93] Strong, D. M. and Katz, L., Blood-bank testing for infectious diseases: how 
safe is blood transfusion?, Trends Mol. Med., 2002, ~' 355-358. 

[94] Centre for Disease Control, Provisional surveillance summary of the West Nile 
Virus epidemic- United States, January- November, 2002, A1MWR, 2002, 21_, 
1129-1133. 

[95] Centre for Disease Control, Update. Outbreak of severe acute respiratory 
syndrome-worldwide, 2003,A1MWR, 2003, 52,241-248. 

[96] Peters, T. G., Life or death. The issue of payments in cadaveric organ donation, 
JAMA, 1991, 269, 1302-1305. 

[97] Eastlund, T., Monetary blood donation incentives and the risk of transfusion
transmitted infection, Transfusion, 1998, 38, 874-882. 

[98] Markris, M., Garson, J. A, Ring, C. J., Tuke, P. W., Tedden, R. N. and 
Preston, F. E., Hepatitis C virus RNA in clotting factor concentrates and the 
development ofhepatitis in recipients, Blood, 1993, 81, 1898-1902. 

276 



(99) 

[100] 

[101] 

(102] 

[103] 

[104] 

[105] 

[106] 

[107] 

[108] 

[109] 

[110] 

[111] 

[112] 

[113] 

Viral infections transmitted through tissue transplantation 

Centre for Disease Control, Semen banking, organ and tissue transplantation, 
and HIV antibody testing, A1MWR, 1988, 37, 57-63. 
Centre for Disease Control and Prevention, Guidelines for preventing 
transmission of human immunodeficiency virus through transplantation of 
human tissue and organ,A1MWR, 1994,43, 1-17. 
Alter, H. l, Epstein, J S., Swenson, S. G., Van Raden, M. l, Ward, J. W., 
Kaslow, R A, Menitove, J E., Klein, H. G., Sandler, S. G. and Sayers, M. H., 
Prevalence of human immunodeficiency virus type 1 p24 antigen in US blood 
donors- an assessment of the efficacy of testing in donor screening, N Engl. J. 
Med, 1990,323, 1312-1317. 
Busch, M. P., Taylor, P. E., Lenes, B. A, Kleinman, S. H., Stuart, M., 
Stevens, C. E., Tomasulo, P. A, Allain, l P., Hollingsworth, C. G. and 
Mosley, J W., Screening of selected male blood donors for p24 antigen of 
human immunodeficiency virus type 1, N Engl.J.Med., 1990,323, 1308-1312. 
Harrell, J., McCreedy, B. and Johnston, A, PCR vs p24 antigen testing for 
detection of HIV -1 in cadaveric blood specimens, 17th Annual Meeting, 
American Association of Tissue Banks, Boston, MA, USA, 1993. 
Pepose, J S., Buerger, D. G., Paul, D. A, Quinn, T. C., Darragh, T. M. and 
Donegan, E., New developments in serologic screening of corneal donors for 
HIV -1 and hepatitis B virus infections, Ophthalmology, 1992, 22, 879-888. 
Malhotra, R and Morgan, D. A, p24 antigen screening to reduce the risk of 
HIV transmission by seronegative bone allograft donors, National Med J. 
India, 2001, ll, 190-192. 
Yotsuyanagi, H., Yasuda, K, Meriya, K, Shintani, Y., Fujie, H., Tsutsumi, T. 
Notjiri, N., Juji, T., Hoshino, H., Shimoda, K, Hiro, K, Ilino, S. and 
Koike, K, Frequent presence of HBV in the sera of HBsAg-negative anti
HBC-positive blood donors, Transfusion, 2001,11.,1093-1099. 
Wang, J, Lee, C., Chen, P., Wang, T. and Chen, D., Transfusion-transmitted 
HBV infection in an endemic area: the necessity of more sensitive screening 
forHBV carriers, Tran~fusion, 2002,42, 1592-1597. 
Eastlund, T., Hemodilution due to blood loss and transfusion and reliability of 
cadaver infectious disease testing, Cell Tissue Bank, 2000, l, 121-127. 
Centre for Disease Control and Prevention, Human immunodeficiency virus 
infection transmitted from an organ donor screened for HIV antibody - North 
Carolina, A1MWR, 1987, JQ, 306-308. 
Adams, M., Lee, T. H., Busch, M.P., Heitman, J., Marsh, G. l, Gjerset, G. F. 
and Mosely, J. W., Rapid freezing of whole blood or bufiY coat sample for 
polymerase chain reaction and cell culture analysis: application to detection of 
human immunodeficiency virus in blood donor and recipient repositories, 
Transfusion, 1993, 33, 504-508. 
Comeau, A M., Harris, J., Mcintosh, K, Weiblen, B. J., Hoff, R and 
Grady, G. F., Polymerase chain reaction in detecting HIV infection among 
seropositive infants: relation to clinical status and age and to results of other 
assays, J. Acquir. Immun. Defic. Syndr., 1992, .2_, 271-278. 
Busch, M.P., Wilber, l C., Johnson, P., Tobler, L. and Evans, C. S., Impact of 
specimen handling and storage on detection of hepatitis C virus RNA, 
Transfusion, 1992, 33, 420-425. 
Centre for Disease Control and Prevention, Ochrobactrium anthropi meningitis 
associated with cadaveric pericardia! tissue processed with a contaminated 
solution- Utah, 1994,A1MWR, 1995,45,671-673. 

277 



Viral infections transmitted through tissue transplantation 

[114] Farrington, M., Matthews, I., Foreman, J. and Caffrey, E., Bone graft 
contamination from a water de-ionizer during processing in a bone bank, 
J. Hosp. Infect., 1996, 32, 61-64. 

[115] Hawkins, A E., Zuckerman, M. A, Briggs, M., Gilson, R. J., Goldstone, A H., 
Brink, N. S. and Tedder, R. S., Hepatitis B nucleotide sequence analysis: 
linking an outbreak of acute hepatitis b to contamination of a cryopreservation 
tank, Virol. Methods, 1996, 60, 81-88. 

[116] Strong, D., Eastlund, T. and Mowe, J., Tissue bank activity in the United States 
- 1992. Report of annual registration of AATB inspected tissue banks, Tissue 
Cell Rep., 1995, J., 8-10. 

[117] Pruss, A., Hansen, A., Kao, M., Gurtler, L., Paul, G., Benedix, F. and Von 
Versen, R., Comparison of the efficacy of virus inactivation methods in 
allogeneic avital bone tissue transplants, Cell Tissue Bank, 2001, 2., 201-215. 

278 


