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CUTTING-EDGE COMMUNICATION
onor Infection: An Opinion on Lung Donor Utilization
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ultiple risks are assumed in the process of delivering
lung transplant, including the potential transmission

f infectious agents. This study reviews the current
nformation available with regard to risk of donor-
elated infections. This investigation does not attempt
o cover other areas of donor risk management, such as
alignancy or primary organ failure. It can be helpful to

ry to categorize infectious risk by timing related to
ransplantation, as well as type of infection. Both are
overed here. The intent is to summarize the available
ata in a way that is useful to the clinician.

ACTERIAL INFECTIONS

n terms of timing related to the transplant, the most
mmediate risk to the recipient is probably transmission
f bacteria. In the early post-operative period, the
gents the recipient carries can be very important,
specially when noxious, such as with methicillin-
esistant Staphylococcus aureus (MRSA), vancomycin-
esistant enteroccoccus (VRE) or Burkholderia cepa-
ia. Likewise, the donor can add complexity by
ontributing both known and unsuspected agents.
Traditional division of bacteria into gram-positive and

negative staining has apparent validity in transplanta-
ion. Donor organs infected, even if bacteremic, with
ram-positive agents seem to be usable despite the
pparent risk, whereas those with proven gram-nega-
ive infections should be studiously avoided. In one
eport of 15 patients who received hearts from donors
nfected with gram-positive organisms, none developed
nfection with the agent of concern.1 Conversely, 2 of 3
onors with gram-negative infections transmitted infec-
ion to the recipient, with 1 death.1 The risk has been
een more often in other solid organ transplants, with
imilar results.2 There are no specific data from lung
ransplantation experience, but local experience from
ne center detailed the results of 2 lung recipients from
donor infected with Serratia marcescens: 1 died of
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eptic shock, whereas the other developed acute respi-
atory distress syndrome (ARDS) due to sepsis but
urvived a further 9 years.

Mycobacterial infections pose a potentially difficult
roblem due to the difficulty in assessing the activity of
isease, and also because they are known to be trans-
itted.3 In lung transplantation, the difficulty is partly

ased because of the use of chest X-rays to assess
onors, with abnormal films often leading to exclusion
f donor organs. Multiple reports have documented
ransmission of Mycobacterium tuberculosis, espe-
ially in more endemic areas. Confounding the poten-
ial problem is the fact that acid-fast staining of donor
ecretions is not routine, and would further delay in
rgan placement if widely practiced. Fortunately, the
pparent risk is small, and the disease is largely treat-
ble. Recommending more extensive testing is not
ikely to be helpful.

UNGAL INFECTIONS

ifficult early lung transplant experience has led to
ncreased awareness of common fungi due to the
erious complications associated with these agents.4

lthough more recent experience has shown increased
romise, fungal infections remain a problem. Of the 2
nvironmental fungal genera encountered commonly in
ung transplantation, Aspergillus and Candida species,
t appears that the latter is more likely to be transmitted
rom donor to recipient. This concern arises from early
roblems with airway anastomoses, and dissemination

rom the lung. Due to advances in operative manage-
ent, preservation, anti-microbial therapy and immuno-

uppression, the incidence of major airway dehiscence
as declined along with reports of serious airway

nfection with Candida species. Although this was a
ecognized problem in the early history of lung trans-
lantation, serious Candida infections have become
ncommon, and donation should not be ruled out
ased on presence of Candida species alone. There are
o convincing reports of Aspergillus transmission to
ecipients of solid organ transplants.

IRAL TRANSMISSION: HEPATITIS

epatitis viruses may be transmitted with transplanted
rgans, and the transplant outcome may be affected by
he infection. In kidney transplantation, de novo viral
nfection from the donor does not seriously impact
utcome at up to 10 years, but has a significant effect on

ecipient survival by 20 years.5 If the recipient has
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erologic evidence of previous viral infection, the out-
ome after renal transplantation is even more in doubt,
ut is considered better than the alternative of perma-
ent dialysis.6 Other investigators have found evidence
hat recipient-positive status leads to increased risk of
raft loss, death and death due to sepsis.7,8 That viral
ransmission occurs with solid organ transplants is
lear, but the outcome is less so. One group addressed
ore directly the issue of risk of transmission when

hey assessed the likelihood of serum and liver tissue
irus from liver biopsy patients.9 Their study showed
hat the risk of hepatitis B transmission from a core
ntibody-positive liver was small, and the risk of finding
irus in the blood was negligible.
Although few data exist in the lung transplantation

iterature to address the aforementioned problems, we
an derive help for our clinical practice from the
xperience of others. We believe that donors positive
or hepatitis C should not be used for lung transplanta-
ion, unless grave circumstances demand it, and the
ecipient gives approval before transplantation. In the
ase of hepatitis B, donor surface antigen–positive
tatus should lead to exclusion of the lungs. If the donor
s hepatitis B core antibody positive, however, the risk
f transmission of hepatitis B to the recipient is very
mall, and thus donor lungs can be utilized, if appropri-
te.9

With regard to other viruses, information ranges from
xtensive, in the case of cytomegalovirus (CMV), to
heoretical and almost non-existent, in the case of
reutzfeldt–Jakob disease (CJD). This study does not
ddress further the issues surrounding CMV, but at-
empts to rationalize donor issues related to other
iruses.

REUTZFELDT–JAKOB DISEASE

n the era of mad cow disease, and a better understand-
ng of prion transmission, CJD has become a potential
oncern.10 –12 Variant CJD has been transmitted with
rain tissue and dura mater, and appears to have
raveled with the liver in at least 1 case.11–16 Theoreti-
ally, it can transported with other tissues, including
ung.15 Although infectivity appears to be low with
on-brain tissue, it seems advisable to avoid donors
otentially infected with variant CJD, because there are
o screening tests available, no disinfectant mechanism,
nd no treatment for the infection itself.12,15

UMAN IMMUNODEFICIENCY VIRUS AND ORGAN
RANSPLANTATION

he main consideration in the use of human immuno-
eficiency virus (HIV)-positive donors has been the risk
f transmission of HIV infection and the largely historic
xperience with immunosuppression in acquired im-

unodeficiency syndrome (AIDS) for organ transplan- r
ation. Accidental transmission of HIV to transplant
ecipients by organs or blood products was generally
ssociated with an accelerated course of AIDS.17,18

lthough the use of HIV-positive organs is likely to
esult in transmission of HIV to the recipient, the
recise risk remains unclear because the numbers of
ecipients who have received such organs, but who
ave not subsequently seroconverted, are not
nown.19 –24

The use of “highly active anti-retroviral therapies”
HAART) has transformed AIDS into a long-term–man-
geable disease, with extended survival. As a result, an
ncreasing number of HIV-positive patients are being
onsidered for (or have received) renal or hepatic
ransplantation, usually because of AIDS-associated glo-
erulopathy or co-infection with hepatitis C. Trans-
lantation of these patients has been associated with
hort- and medium-term results similar to those in
IV-negative recipients.23–29 In this setting, it may be
ppropriate to expand the donor pool to include HIV-
ositive donors in select circumstances.29 –31 Although

t is highly likely that patients receiving an organ from
uch donors will develop HIV/AIDS, the counter-argu-
ent is that AIDS is a manageable problem and the use

f such organs may offer survival opportunities to
ritically ill patients.24 –28

ISK OF INFECTIONS/CANCER

everal recipients of organs from HIV-positive donors
ave developed prolonged fever associated with
plenomegaly, lymphadenopathy, abnormal liver func-
ion and cytopenia. The differential diagnosis includes
MV infection, but often no cause is found, suggesting

hat this syndrome reflects seroconversion to HIV. This
yndrome is self-limiting and should be considered in
he differential diagnosis of unexplained fever in the
rst 2 months post-transplantation.24

The risk of opportunistic infections and cancer is
ncreased in both AIDS and after organ transplantation.
ighly active anti-retroviral therapy (HAART) has re-
uced the risk of serious infections in AIDS. However,
pstein–Barr virus (EBV)-associated lymphoproliferative
isease has been seen with both AIDS and organ
ransplantation and the incidence does not appear to be
educed by HAART.32,33 Furthermore, human herpesvi-
us (HHV)-8 may be related to the development of
aposi’s sarcoma.34,35

ONCOMITANT RISK OF REJECTION

t has been demonstrated that some degree of immuno-
uppression is necessary to prevent graft rejection in
IV-infected individuals receiving renal and hepatic

ransplantation.28 However, there is evidence that in-
ection with HIV does not adversely affect rates of

ejection in renal, hepatic and cardiac transplantation.
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urthermore, several patients have maintained normal
llograft function despite a significant reduction (occa-
ionally total discontinuation) in immunosuppressive
edication.30,31 The use of HAART does not appear to

ncrease the rate of rejection.29 –31,36,37

Therefore, to balance the risk of infection and rejec-
ion, it is advisable to reduce the dose of immunosup-
ression in symptomatic HIV-infected recipients. It is
ot known whether this reduction should begin in
symptomatic patients with a low CD4 count.

ISK OF PROGRESSION TO AIDS

t is unclear if the use of immunosuppressive medica-
ion would modify the course of infection with HIV. In
he HAART era, experience from renal and hepatic
ransplantation suggests that the use of calcineurin
nhibitors is not associated with either an accelerated or
elayed development of AIDS.29,36

In terms of other immunosuppressants, clinical expe-
ience is limited. Azathioprine has been associated with
xacerbation of HIV replication, whereas mycopheno-
ate mofetil has been shown to reduce HIV replication
n vitro.30 The use of anti-lymphocyte antibodies has
een associated with severe exacerbation of HIV repli-
ation and should be avoided. Similarly, corticosteroid
ose should be limited whenever possible.24,26,27

Finally, the use of HIV-positive donors would proba-
ly result in a small increase in the donor pool, but
ransplantation would result in increased risk and com-
lexity of post-operative care. If such donors are to be
onsidered, then clear guidelines should be established
etailing the situations in which such organs could be
sed. Furthermore, the process of informed consent
hould be transparent and perhaps even standardized. It
hould deal with the issues of likely HIV transmission,
IV as a contagious disease, and that transplantation
utcome is unclear. Until these issues are addressed, we
elieve that use of organs from HIV-positive donors
hould be avoided.

ERPESVIRUSES

t is clear that nearly all herpesviruses can exist in one
r more tissues in a non-apparent and often latent form
fter initial infection. All herpesviruses be transmitted
ither by the allograft or by transfusion of blood or
lood components.38,39 Seroconversion or DNA detec-
ion after transplantation (Tx) is equated with transmis-
ion of the virus in most instances. Furthermore, espe-
ially with regard to the newly recognized human
erpesviruses (HHV 6–8), most studies have explored
eactivation without differentiating between transmit-
ed or endogenous reactivation.34 –37

It is believed that the presence of antibodies against
hese agents in donor serum indicates latent infection, but

ross-reaction is possible, at least with HHV 6, HHV 7 and a
MV.38 Furthermore, some studies have found higher
ncidence rates of CMV or dual infections (CMV � HHV
)39 under more potent immunosuppression (i.e., when
MF has replaced azathioprine). Therefore, the role of

learly transmitted disease is uncertain, at least for HHV 6
nd HHV 7.38–46

MV

arge numbers of publications have dealt with CMV
eactivation. However, studies concerning transmission
r reactivation in untreated patients have been per-
ormed only in the early history of solid organ trans-
lantation, showing infection rates between 19% and
0% and disease rates between 26% and 90%, with the

atter frequently occurring in the graft.47,48 For lung
ransplantation, more recent publications have most
ften compared different prophylactic and immunosup-
ressive treatment strategies for achieving better long-
erm survival, especially regarding the development of
ronchiolitis obliterans syndrome/obliterative bronchi-
litis (BOS/OB). Results for CMV infection have been
etween 0% and 59%.44,49

HV 6

eroprevalence before liver or kidney transplantation is
8%, with infection (diagnosed by virus isolation) in
1%.50 –53 Infection/reactivation occur in 20% to 50% of
atients 2 to 3 weeks after transplant. Major symptoms

nclude unexplained fever and/or bone marrow sup-
ression, but mental status changes, encephalitis, skin
ash, pneumonia and rejection have also been de-
cribed. Coincident infections with HHV 7 and CMV
ave been noted.53

No studies were found concerning HHV 6 in lung
ransplantation.

HV 7

oincidental infection with HHV 7 and CMV is com-
on, and HHV 7 reactivation occurs before CMV in
ost patients.45,54 Detectable DNA in plasma seems to

orrelate with severity of disease, such as encephalitis.
oth latent infection and reactivation are common
mong recipients of kidney, liver and bone marrow
ransplants.

No studies were found concerning HHV 7 in lung
ransplantation.

HV 8

HV 8 is the agent of Kaposi’s sarcoma (KS).34,35,55

revalence of latent infection with HHV 8 shows strong
eographic variation among blood donors from France,
taly, Uganda and the USA.55–57 Seroprevalence in-
reases post-transplant, and the incidence of KS has
een noted to be up to 8% to 12%. Transmission is

pparently common during transplantation, but it ap-
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ears that de novo infection infrequently leads to KS, as
he risk seems to reside in those seropositive pre-
ransplant.56,58

No studies were found concerning HHV 8 in lung
ransplantation.

BV

BV transmission is associated with post-transplant lym-
hoproliferative disease (PTLD).59–61  This virus has been
learly linked to the development of PTLD in bone
arrow transplant and solid organ recipients, including

ung transplant patients.62–71 B- and T-cell– derived non-
odgkin’s lymphoma, as well as immunoblastic lym-
homa and Hodgkin’s disease, have been reported.62,63,72

he incidence of PTLD in liver Tx is reportedly 5% to 12%
verall, but as high as 40% in seronegative patients/
eroconverters, whereas in seropositive patients it is only
% to 2%.65– 68 The relative risk of PTLD by EBV-negative
erostatus is about 20 in seronegative vs seropositive
ecipients.67,69 In addition, EBV infection (as PTLD or
typical viral infectious disease) usually occurs in the first
ost-operative year and is associated with a higher degree
f immunosuppression.73,74 Therefore, caution is war-
anted when seropositive organs are to be used for
eronegative recipients, but no clear-cut preventive strat-
gies are available at present. Work continues on a poten-
ial vaccine.

erpes Simplex

atent infections with herpes simplex virus (HSV) occur
n trigeminal and lumbosacral dorsal-root ganglia; there-
ore, there is usually no transmission through solid
rgan transplantation. There are reports of HSV 2
ransmission from 1 donor to both kidney recipients,
ithout neutralizing antibodies before Tx.75,76 In an-
ther case, liver and heart were transplanted into
ifferent recipients: each received early re-transplanta-
ion on post-operative Day 1 (heart) and Day 12 (liver),
espectively, without evidence of HSV 2 infection.

No studies were found concerning HSV and lung
ransplantation.

aricella Zoster

atent infection occurs in neural ganglia, and therefore
t is believed that varicella zoster virus would not be
ransmitted through transplantation of solid organs
nless the donor suffered active varicella infection at
he time of brain death. No documentation of transmis-
ion could be found.

arvovirus B19

ransmission of this viral infection has been reported
pecifically in kidney transplantation and after bone
arrow transplant.77,78 Symptoms include unexpected
raft failure, pure red cell aplasia, prolonged anemia, a
hrombocytopenia, arthralgia and erythema infectiosum
fter bone marrow transplant. The local experience of
ne of the present investigators also documented par-
ovirus B19 infection in 1 lung transplant recipient who
ad pure red cell aplasia that cleared within 1 year after
herapy with intravenous immunoglobulin infusions
unpublished findings).

denovirus

n one pediatric study, adenovirus infection was found
n 8 of 16 patients, from 1 to 26 months after lung
ransplantation, and was significantly associated with
espiratory failure and histologic diagnosis of oblitera-
ive bronchiolitis.79,80 In 2 patients with early fulminant
nfection it was also identified in the donor. Therefore,
ransmission is apparently possible, and knowledge of
onor adenovirus infection should result in discarding
he lungs.

est Nile Virus

est Nile virus became a well-known entity in 2002, as
utbreaks of headaches and central nervous system
isease occurred in several parts of the USA, with over
,000 reported human cases by April 2003.81,82 It is

ikely to be a recurrent late summer problem, and
herefore is important to organ transplantation.83

The virus infects birds and mosquitoes, with humans
nd horses becoming incidental hosts. Human symp-
oms may be mild to severe and include fever, head-
che, body aches, truncal rash and lymphadenopathy.82

he most serious complications of infection include
ever, neck stiffness, stupor, disorientation, coma, trem-
rs, convulsions, muscle weakness, and paralysis,
hich may lead to death. There is no known therapy.
lthough little experience exists with transplantation of
rgans from donors with West Nile infection, it appears
hat the virus can be transmitted from an asymptomatic
ost to recipients, which happened with 4 patients last
all in the southeastern USA.81 With this in mind, it is
rudent to avoid use of organs from patients potentially

nfected with the West Nile virus.

evere Acute Respiratory Syndrome (SARS)

ince late 2002 and early 2003, SARS has been a
onstant presence in our newspapers.84–86  Newly iden-
ified as a unique coronavirus, the agent has caused
erious disease in Asia and in areas with a high preva-
ence of travelers from southern Asia. In its most severe

anifestation, SARS leads to acute respiratory distress
yndrome, respiratory failure and death. There is no
roven therapy. No published reports exist to guide our
hinking with regard to SARS and transplantation, but
anifestations of the disease would likely rule out the

se of lungs and other organs from potential donors

fflicted by SARS.
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UMMARY

s new information accumulates, the transplant commu-
ity alters the way in which donors are utilized. Greater
ffort is being made to better manage the donor and to
e-define the so-called marginal donor. A clearer under-
tanding of donor infection and transmission will help in
he selection of organs for use by the potential recipient.
ontinued evolution is expected. We hope that this

iterature review contributes to the rational use of organs
rom the potentially infected donor. Transplantation will
ontinue to improve as we attempt to solve the problems
nherent in organ donation and donor management, and
ncrementally improve our evaluation and utilization of
his scarce resource (Table 1).
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