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Viral pathogens have emerged as the most important microbial agents havingAbstract
deleterious effects on solid organ transplant (SOT) recipients. Antiviral chemo-
prophylaxis involves the administration of medications to abort transmission of,
avoid reactivation of, or prevent progression to disease from, active viral infec-
tion.

Cytomegalovirus (CMV) is the major microbial pathogen having a negative
effect on SOT recipients. CMV causes infectious disease syndromes, augments
iatrogenic immunosuppression and is commonly associated with opportunistic
superinfection. CMV has also been implicated in the pathogenesis of rejection.
Chemoprophylactic regimens for CMV have included oral aciclovir (acyclovir) at
medium and high doses, intravenous and oral ganciclovir, and the prodrugs
valaciclovir (valacyclovir) and valganciclovir. CMV prophylactic strategies
should be stratified, with the highest-risk patients receiving the most ‘potent’
prophylactic regimens.

Herpes simplex virus (HSV) reactivation in SOT recipients is more frequent,
may become more invasive, takes longer to heal, and has greater potential for
dissemination to visceral organs than it does in the immunocompetent host.
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Prophylactic regimens for CMV are also effective chemoprophylaxis against
HSV; in the absence of CMV prophylaxis, aciclovir, valaciclovir or famciclovir
should be used as HSV prophylaxis in seropositive recipients.

Primary varicella-zoster virus (VZV) after SOT is rare and most commonly
seen in the paediatric transplant population because of VZV epidemiology. Zoster
occurs in 5–15% of patients, usually after the sixth post-transplant month.
Prophylactic regimens for zoster are neither practical nor cost effective after SOT
because of the late onset of disease and low proportion of affected individuals. All
SOT recipients should receive VZV immune globulin after contact with either
varicella or zoster.

Epstein-Barr virus has its most significant effect in SOT as the precipitating
factor in the development of post-transplant lymphoproliferative disorders.
Antiviral agents that could be effective are the same as those used for CMV, but
indications for and effectiveness of prophylaxis are poorly established.

Hepatitis B virus (HBV) and hepatitis C virus (HCV) are important pathogens
in the SOT population as indications for transplantation. So-called ‘prophylaxis’
for recurrent HBV and HCV after liver transplantation is controversial, suppres-
sive rather than preventive, and potentially lifelong.

Influenza infection after SOT is acquired by person-to-person contact. During
epidemic periods of influenza, transplant populations experience a relatively high
frequency of infection, and influenza may affect immunosuppressed SOT recipi-
ents more adversely than immunocompetent individuals. Antiviral medications
for prevention of influenza are administered as post-exposure prophylaxis to SOT
recipients, in addition to yearly vaccine, in circumstances such as influenza
epidemics and nosocomial outbreaks, and after exposure to a symptomatic indi-
vidual during ‘flu season’.

Organ transplantation has become an accepted cytomegalovirus (CMV), herpes simplex viruses
form of treatment for end-stage kidney, liver, heart, (HSV) type 1 and type 2, Epstein-Barr virus (EBV),
pancreas and lung disease, and appears promising varicella-zoster virus (VZV), and the emerging
for some types of severe intestinal dysfunction. pathogens human herpes viruses (HHV) 6, 7 and 8.
With improvements in surgical techniques, immu- The second group comprises the hepatitis viruses,
nosuppression and peri-transplant management, sur- especially hepatitis B (HBV) and hepatitis C (HCV)
vival after organ transplantation has become the rule viruses. The final group of viruses is more heteroge-
rather than the exception; however, infection and neous and consists of the viral pathogens that cause
rejection remain the principal causes of morbidity community-acquired respiratory tract infections;
and mortality in the solid organ transplant (SOT) this group includes influenza, parainfluenza, respi-
population. Opportunistic microbial pathogens ad- ratory syncytial virus and adenovirus. Other viruses
versely affect both allograft and patient survival, not included above that have greater effect on SOT
and viral pathogens have emerged as the most im- recipients than on the general (immunocompetent)
portant microbial agents having deleterious effects population include the papilloma viruses, the
on SOT recipients. papova viruses (JC and BK) and parvovirus B19.

Three ‘groups’ of viruses merit particular atten- In this review of viral prophylaxis in SOT, we
tion in SOT. The first, and arguably the most impor- describe the different modalities that have been con-
tant, is the herpesvirus group, which includes sidered for prevention of viral infection, review the
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Table I. Modalities for prevention of viral infection

Modality CMV HSV EBV VZV Influenza Other

Avoidance + – – (Avoid exposure) (Avoid exposure)

matching Not practical In limited use (EBV R–) HCV+ (limited use)

blood Screened, filtered, – Discarded if HIV+,
leucocyte depleted HBsAg+, HCV+

Vaccine – – – + + HAV, HBV, pre-/
Pre-transplant Yearly post-transplant

Passive CMVIg – – VZVIg – HBVIg, RSVIg, IVIg
immunisation for HAV

Immune –a – –b – – IFN for HBV, HCV
modulation

Antivirals GCV, ACV ACV, ?GCV, ?ACV – M2 inhibitors 3TC, FAMV for
HBV

valACV, valGCV valACV, NA inhibitors IFN + ribavirin for
FAMV HCV

a IFN not used because of higher incidence of rejection.

b Adoptive T-cell transfer in study.

3TC = lamivudine; ACV = aciclovir (acyclovir); CMV = cytomegalovirus; EBV = Epstein-Barr virus; FAMV = famciclovir; GCV = ganciclovir;
HAV = hepatitis A virus; HBsAg = hepatitis B surface antigen; HBV = hepatitis B virus; HCV = hepatitis C virus; HIV = human
immunodeficiency virus; HSV = herpes simplex virus; IFN = interferon; Ig = immunoglobulin; IV = intravenous; NA = neuraminidase; R– =
recipient seronegative; RSV = respiratory syncytial virus; valACV = valaciclovir (valacyclovir); valGCV = valganciclovir; VZV = varicella-
zoster virus; + indicates in use; – indicates not available; ? indicates uncontrolled trials and anecdotal evidence.

principles and definitions of prophylaxis, and dis- from HIV-infected donors is contraindicated. Use of
cuss the viruses for which potential prophylactic organs from HCV-positive donors is controversial
regimens exist. We review the current English lan- and is commonly restricted to older candidates who
guage literature regarding viral prophylaxis in organ are urgently in need of SOT; long-term outcomes in
transplantation and conclude with a discussion of these patients are unknown as yet. Active infection
our preferences regarding antiviral regimens. with HBV (hepatitis B surface antigen-positive;

HBsAg+) is also a contraindication to organ dona-
tion, but transplantation with hepatitis B core anti-1. Prevention of Viral Infection
body-positive (HBcAb+/HbsAg–) organs is contro-
versial: liver allografts from these donors have beenUnlike the immunocompetent population, who
demonstrated to transmit HBV infection[1] but theprimarily acquire their viral infections in the com-
risk for transmission by extrahepatic organs ismunity, SOT patients experience the majority of
thought to be low. The European Best Practicetheir significant viral exposures during the peri-
Guidelines for Renal Transplantation suggest testingtransplant period and as a direct consequence of
the donor for human T-cell lymphotrophic virus 1having an organ transplanted. The various methods
(HTLV-1) infection as well.[2] HIV-, HBV- andof prevention of viral infection for SOT recipients
HCV-infected blood products are not used, andcan be separated into five categories: avoidance,
CMV seronegative, leucocyte-depleted or microfil-active immunisation, passive immunisation, immu-
tered blood is used commonly for CMV seronega-nomodulation and chemoprophylaxis (table I).
tive recipients.Avoidance as a method of prevention of viral

infection in SOT is applicable only for viruses that Transplantation of organs from CMV and EBV
are transmitted by blood products or by a latently seropositive donors (D+) into seronegative recipi-
infected donor organ. Organ donors are routinely ents (R–) is effectively unavoidable because of the
screened for evidence of infection with HIV, HBV, prevalence of latent infection in the adult population
HCV, EBV and CMV, and transplantation of organs and the current paucity of available organs. Progres-
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sively more effective prophylactic methods may Immunomodulation is still largely experimental.
Adoptive T-cell transfer[8] and recombinant inter-soon obviate the need for consideration of such
feron administration[9,10] are two methods under in-drastic measures as exclusion from transplantation
vestigation for a variety of diseases.based on lack of previous exposure to virus.

Chemoprophylaxis, which is the focus of this
Active immunisation by administration of vac-

review, involves administration of antiviral medica-
cines is an attractive, cost-effective method of pre-

tions to abort transmission of, avoid reactivation of,
vention of viral infection in general, but vaccines are or prevent progression to disease from, active viral
not currently available for the majority of the SOT- infection.
related viral pathogens. Despite the availability of
vaccines for prevention of hepatitis A virus (HAV),

2. Antiviral ProphylaxisHBV, VZV and influenza, post-transplant vaccine
administration, especially with live vaccine prepara-
tions, is controversial. The optimal timing for vacci- For an antiviral prophylactic strategy to have a
nation is before SOT takes place, but this is not favourable risk/benefit ratio, several conditions
always convenient and may not confer lasting pro- must be present. First, the virus in question must
tection. Vaccine immunogenicity is attenuated in have adverse effects on such a significant proportion
chronic disease in general and this is especially true of the population at risk, or such dire consequences

in a smaller proportion of that population, that thein the presence of iatrogenic immunosuppressive
risks and cost of administration of the prophylacticagents. With live vaccines, there is the theoretical
agent are justified.[11] Secondly, the virus must haverisk of enhanced virulence of attenuated virus in the
clearly associated risk factors for pathogenicity. Fi-presence of immunosuppression, and VZV vaccine,
nally, the risk period(s) for pathogenicity must bewhich is a live attenuated virus preparation, is gener-
well defined.ally contraindicated after SOT. Killed and compo-

The antiviral agent to be used in a prophylacticnent vaccines confer no theoretical risk of infection,
regimen should be able to be safely administered,but are poorly immunogenic at routine dosages after
with a broad therapeutic range to minimise the needSOT. Vaccine-provoked allograft injury or rejection
for drug concentration monitoring, have minimalis also a concern. Most evidence suggests that the
and well defined interactions with other transplant-influenza vaccine is ‘safe’ and annual vaccination is
related medications, and have minimal and easilyrecommended after the first post-transplant year.
reversible adverse effects.[11,12] The prophylacticHBV vaccine is probably ‘safe’ after SOT, and VZV
agent should also be easy for the patient to take;vaccine has been safely administered in a small
preferably in an orally bioavailable form but if intra-study to paediatric renal transplant recipients[3] and
venous administration is necessary, the dose admin-may be recommended in the future.
istration interval should be infrequent.[13] The agent

Passive immunisation is provided transiently should be virucidal or effective in the absence of
with administration of immunoglobulin (Ig) prepa- complete killing, and preferably should cover other
rations. Virus-specific hyperimmune and unselected SOT-associated pathogens.[14] The regimen should
Ig are used in prophylactic regimens and for adjunc- be cost effective, and administration should prevent
tive treatment of severe infectious disease. They are both direct and indirect consequences of viral infec-
prepared from the serum of large pools of donors tion.
and are filtered to eliminate the risk of serum-trans- Currently, several different methods of ‘prophy-
mitted infection. Hyperimmune globulins are used laxis’ are in use. To minimise confusion, ‘prophy-
as prophylactic agents against CMV infection,[4] laxis’ is defined as administration to prevent active
after primary VZV exposure[5] and after HBV[6,7] viral replication, and ‘therapy’ is defined as admin-
exposure. istration once active viral replication has been dem-
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onstrated. The methods of prophylaxis are as fol- infection but it involves administration of an an-
lows. tiviral medication to individuals who may never

actually be at risk for virus-related consequences.• Prophylaxis: administration of a regimen to an
Cost is an issue, since patients take these medica-entire population (or to the highest-risk portion of
tions long term. Concern that prolonged exposure tothe population), beginning at, shortly before or
antiviral agents will encourage drug resistance hasshortly after transplantation and continuing
also been raised. Pre-emptive therapy is advanta-throughout the defined highest-risk period.[11-13]

geous in that antiviral agents are administered only• Pre-emptive targeted prophylaxis: administration
to those at laboratory-confirmed risk of viral dis-of a regimen during the event of an intervention
ease, but it necessitates frequent monitoring, a highthat is known to provoke viral replication and
degree of patient compliance, reliable laboratorydisease in the majority of patients.
staff and assays, and rapid reporting of and acting• Post-exposure prophylaxis: administration of a
upon positive results. Another disadvantage is theregimen to a susceptible individual, shortly after
potential for adverse effects of subclinical infection.high-risk exposure to an active source of infec-

With this background, we discuss the viruses thattion, to prevent or attenuate the clinical manifes-
meet the conditions outlined earlier as candidates fortations of disease.
antiviral prophylaxis.• Pre-emptive therapy: administration of a regimen

beginning once there is laboratory evidence of 3. Herpesviruses
active infection (viral replication), but before
clinical symptoms or signs of disease have oc- The epidemiology of herpesviruses is sum-
curred, to prevent progression to disease. marised in table II. Viral pathogens cause 25–30%
The relative merits of prophylaxis versus pre- of all post-SOT infection and the herpesviruses

emptive therapy are often debated. Prophylaxis is cause the majority of them.[15] Herpesviruses are
advantageous in that it obviates the need for inten- large, enveloped, DNA-containing viruses that pro-
sive monitoring for laboratory evidence of viral duce lifelong latent infection.[16] Viral latency is of

Table II. Epidemiology of selected viruses in solid organ transplantation

Feature CMV HSV EBV VZV Influenza

Adult seroprevalence (%) 40–100 Type 1: 50–70 >90 >90 na
Type 2: 20–50

Transmission

reactivation ++ +++ + +++ –

organs +++ Rare (case reports) +++ – (one case report) –

blood + – + – –

community Rare Rare Rare ++ +++

Site of latency ?Lymphoid, endothelial Nerve ganglia B cells Dorsal root ganglia na
tissue

Independent risk factors D+/R– > R+ R+ D+/R– > R+ R+ na

ALA Immunosuppression ALA Immunosuppression

CMV disease Exposure

High-risk period Months 1–4 First month First year After sixth month Epidemics

Indirect effects Immunosuppression – PTLD – ?Rejection, OB

(superinfection)

acute/chronic rejection
ALA = antilymphocyte antibody preparation; CMV = cytomegalovirus; D+ = donor seropositive; EBV = Epstein-Barr virus; HSV = herpes
simplex virus; na = not applicable; OB = obliterative bronchiolitis; PTLD = post-transplant lymphoproliferative disorder; R– = recipient
seronegative; R+ = recipient seropositive; VZV = varicella-zoster virus; – indicates not known to occur; + indicates occurs; ++ indicates
important; +++ indicates most important.
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Table III. Incidence of cytomegalovirus (CMV) disease in solid organ transplantation

Study Comparators CMV disease incidence [% (no.)] Comments

Smith et al.[23] Natural history, kidney 13 (27/209) No induction immunosuppression
D+/R– 50 (14/28) No difference in 4-year graft survival
R+ 7.1 (9/127) among serogroups
D–/R– 7.7 (2/26) CSA + AZA

Sagedal et al.[24] Natural history, kidney 23 (111/477) No induction immunosuppression
D+/R– 54 (43/79) Risk factors for CMV disease: D+/R–,
R+ 19 (68/358) rejection
D–/R– 0 (0/40) CSA + AZA

Stratta[25] Natural history, liver 35 (73/211) Not all serologies available
D+/R– 79 (11/14) High incidence of CMV disease in D–/R–
R+ 41 (50/121) CSA + corticosteroids
D–/R– 22 (4/18)

Grossi et al.[26] Natural history, heart 17 (51/294) Symptomatic infection in 51/157 viraemic
D+/R– 91 (20/22) patients (33%)
R+ 12 (33/267) Prospective monitoring study (pp65Ag+),
D–/R– 0 (0/5) treatment if symptomatic only

CSA + AZA

Smyth et al.[27] Natural history, lung/heart 35 (23/65) Heart/lung recipients; only reported CMV
D+/R– 55 (6/11) pneumonitis
R+ 47 (15/32) Protective seromatching (D–/R–) after the
D–/R– 4.5 (1/22) 17th patient

CSA + AZA

AZA = azathioprine; CSA = ciclosporin (cyclosporine); D– = donor seronegative; D+ = donor seropositive; R– = recipient seronegative; R+ =
recipient seropositive.

concern in SOT because latently infected donor 3.1 Cytomegalovirus (CMV)
organs can transmit infection and cause severe pri-

CMV is the major microbial pathogen having amary disease. This is especially important if the
negative effect on SOT recipients (table III). CMVcellular arm of the immune system, which is the
is a ubiquitous beta herpesvirus, which, along withprimary target for transplant immunosuppression, is
the other herpesviruses, is capable of latency. Theintimately involved in the containment of and recov-
prevalence of CMV seropositivity increases withery from the acute infection.
age,[19] reaching nearly 100% in populations in de-

Latency, and its relationship to primary infection
veloping nations;[20] in the US, 40–70% of adults

in SOT, is especially relevant for CMV and EBV
have been exposed,[16] depending on the socioeco-

infection. These infections have been acquired by
nomic milieu. In the community, CMV is acquired

the majority of adults before coming to transplanta-
primarily by intimate contact with virus-containing

tion as either donor or recipient. High-risk, serodis- secretions of all types; transmissible virus can be
cordant transplants (D+/R–) are likely to occur, es- found in urine, saliva, breast milk, vaginal and cervi-
pecially in paediatric SOT, and to cause serious cal secretions, and semen.[20] CMV can also be
consequences for patients whose cellular immune acquired in utero and perinatally. There is no
systems are maximally suppressed during the time seasonality to CMV infection[21] and the majority of
of the primary infection. primary infections in the healthy host are asymp-

Viral latency is of less importance with HSV, tomatic. Clinically apparent infection can present as
because allograft transmission of primary HSV in- a mononucleosis-like syndrome and, more rarely, as
fection is extremely rare,[17,18] and with VZV, be- hepatitis, gastrointestinal ulcerations or pneumo-
cause primary infection is community-acquired and, nia.[20] The exact site of latency for CMV has yet to
although potentially devastating, a rare occurrence be fully elucidated but the CMV genome has been
after SOT. found in monocytes/macrophages, neutrophils, lym-
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phocytes and endothelial cells; the virus is thought Independent risk factors for CMV infection in-
clude D+/R– serogroupings and use of antilympho-to remain latent in a primitive haematopoietic cell
cyte antibody (antilymphocyte globulin; ALA)population, possibly stem cells.[22]

preparations (both monoclonal and polyclonal) forIn the SOT population, activation of CMV infec-
additional immunosuppression.[12,25] ALA prepara-tion is directly related to the transplant process.
tions reactivate CMV from the latent state and,CMV is acquired as a primary infection or a secon-
while use of these preparations for induction signifi-dary superinfection from a latently infected donor
cantly increases the risk of CMV-related complica-organ or, much less commonly, from blood prod-
tions, use of ALA for steroid-resistant rejection ther-ucts.[25] Latent CMV infection is reactivated and/or
apy increases the risk for CMV disease to >60%.[41]

upregulated by immunosuppressive medications.[28]

Other risk factors for CMV disease include emer-CMV is thought to have both direct and indirect
gent transplantation (e.g. fulminant hepatic fail-effects on transplant recipients.[29,30] Directly, it
ure),[42] use of cadaveric allografts, retransplantationcauses infectious disease syndromes, with manifes-
(especially for acute rejection)[25] and occurrence oftations ranging from subclinical viral replication to
acute rejection.[43] In the absence of prophylaxis, thedisseminated fatal disease, and CMV can affect
highest-risk period is between the first and fourthvirtually any organ system.[25] There is a tendency
months after SOT, or during late episodes of rejec-

towards tropism for the transplanted organ; CMV
tion. Even CMV antibody-negative recipients from

hepatitis is common after liver transplantation,
CMV antibody-negative donors are at risk of acute

pneumonitis is a frequent complication of lung and
CMV infection from blood transfusion or exposure

heart-lung transplantation,[31] and enteritis occurs
to ill healthcare workers and visitors, and some of

after intestinal transplantation.[32]

these patients receive prophylaxis, although this
Indirect effects of CMV infection include aug- practice is uncommon and may not be cost effective.

mentation of immunosuppression[33] and CMV is
3.1.1 Prophylactic Regimenscommonly associated with superinfection with fun-
Prophylactic regimens for CMV that have beengal opportunists.[34,35] CMV has also been implicat-

studied have included oral aciclovir (acyclovir) ated in the pathogenesis of acute rejection[36,37] and
medium (MD, 2–2.5 g/day) or high (HD, 3.2 g/day)associated with chronic rejection syndromes[29] such
dosages, intravenous and oral ganciclovir, and moreas transplant-related coronary artery disease after
recently the prodrugs valaciclovir (valacyclovir) andheart transplantation[38] and bronchiolitis obliterans
valganciclovir. These agents have been used alone,after lung transplantation.[39,40] Different types of
sequentially, and in combination with both hyperim-SOT carry different risks for CMV-associated con-
mune and unselected Ig.sequences. The reasons behind the hierarchy of risk

are not completely understood but this phenomenon Aciclovir and Valaciclovir

is probably related to two important factors: the Aciclovir is an acyclic guanosine analogue,
relative amount of immunosuppression initially re- which, after activation via triphosphorylation by
quired for successful allograft function, and the rela- virus and host cell enzymes, acts to inhibit viral
tive amounts of lymphoid and endothelial tissue DNA polymerase and block viral DNA synthesis.[44]

(CMV load) contained in the transplanted organ.[14] The antiviral spectrum of aciclovir includes herpes-
Intestine, lung and pancreas transplantation confer viruses, with the most potent activity against HSV
the highest risk for direct and indirect CMV-related and VZV, and limited (in vitro) activity against EBV
problems, liver and heart transplantation confer and CMV.[45]

moderate risk, and kidney allografting confers the Valaciclovir is the L-valyl ester of aciclovir,
lowest risk.[35] It should be noted that in the case of a which is hydrolysed in the intestinal wall and liver to
multi-organ transplant procedure, the risk of CMV L-valine and aciclovir;[46] the major advantage of
disease is related to that of the highest-risk organ. valaciclovir (vs aciclovir) is oral bioavailability.
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Valaciclovir is >50% orally bioavailable, while oral of CMV disease. There was no difference in patient
aciclovir bioavailability ranges from 15% to or graft survival between groups during the
21%.[45] 12-month follow-up period.

The major toxicity of both agents is neurotoxici- A randomised, controlled trial compared sequen-
ty, which is usually minor, and dosage of both drugs tial therapy using intravenous ganciclovir followed
must be adjusted for renal insufficiency.[45] by oral HD aciclovir with no treatment and demon-

strated a decrease in the overall incidence of symp-Ganciclovir and Valganciclovir
tomatic CMV infection with sequential prophylaxis,Ganciclovir is another acyclic guanosine ana-
but did not find significant differences betweenlogue which, like aciclovir, inhibits viral DNA syn-
groups for incidence of moderate to severe disease,thesis after activation by triphosphorylation.[42] Gan-
rejection or graft survival at 6 months.[52]

ciclovir is also active against the herpesviruses, but
Two trials compared oral ganciclovir and oralhas much greater activity against CMV compared

aciclovir in low doses (400 mg/day)[53] and at highwith aciclovir (50% inhibitory concentration [IC50]
doses (3200 mg/day);[54] both trials demonstratedof ganciclovir 0.6–4.9 μmol/L vs aciclovir 10–190
significant decreases in rates of CMV disease andμmol/L).[42] Oral ganciclovir has very low bioavaila-
significant delay in the onset of CMV disease in thebility (<10%), which is slightly enhanced when the
patients receiving oral ganciclovir.drug is taken with food.[45] The major dose-limiting

Lowance et al.[55] studied the efficacy of thetoxicity of ganciclovir is neutropenia; dose-adjust-
prodrug valaciclovir for prophylaxis in patients atment is necessary for ganciclovir in the setting of
risk for CMV infection (donor and/or recipientrenal insufficiency.[44] Both routine prophylaxis and
CMV seropositive) in a randomised, placebo-con-pre-emptive therapy have resulted in an occasional
trolled trial. The valaciclovir cohort had reducedcase of ganciclovir-resistant CMV infection.[47,48]

incidence and delayed onset of CMV disease over-The ganciclovir prodrug valganciclovir, which
all, as well as among both high-risk and moderate-has dramatically improved bioavailability compared
risk patients when compared with the placebo co-with ganciclovir, has recently been licensed for use
hort. Interestingly, there was a significant reductionand its role in transplant prophylaxis has yet to be
in the incidence of biopsy-proven acute rejectiondetermined. When studied in liver transplant recipi-
episodes in the patients who received valaciclovirents, once-daily valganciclovir provided systemic
compared with those who received placebo.exposure of ganciclovir that was superior to

standard dosages of oral and equivalent to intrave- CMV Prophylaxis in Liver Transplantation
nous ganciclovir.[49] A recent double-blind study of Badley et al.[56] and Martin et al.[57] compared
valganciclovir versus oral ganciclovir in SOT recip- oral HD aciclovir alone with sequential intravenous
ients showed valganciclovir to be as clinically effec- ganciclovir/oral HD aciclovir (table V). In both
tive and as safely used as oral ganciclovir when used trials, the addition of ganciclovir provided superior
for the prevention of CMV disease in D+/R– pa- protection against CMV disease and against tissue-
tients. Patients who received valganciclovir had a invasive CMV disease versus aciclovir alone, but
lower incidence of and longer time to CMV had no significant effect (vs aciclovir) on patient and
viraemia, and lower peak CMV viral loads.[50]

graft survival at 6[57] and 12[56] months after trans-
plantation.CMV Prophylaxis in Kidney Transplantation

Balfour et al.[51] compared oral HD aciclovir with In a study in paediatric liver recipients, compar-
placebo in a group of 104 randomised patients (table ing 2 weeks of intravenous ganciclovir alone with
IV). The incidence of CMV disease was significant- sequential intravenous ganciclovir/oral HD aciclo-
ly decreased with aciclovir in all patients, in high- vir, the authors concluded that addition of oral HD
risk patients and in those at risk for reactivation aciclovir did not add to protection against CMV
disease. HD aciclovir significantly delayed the onset disease.[58]
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Table IV. Cytomegalovirus (CMV) prophylaxis in renal transplantation

Study ALA [follow- Regimen CMV disease D+/R– R+ Comments
up (mo)] (no. pts) [% (no.)] [% (no.)] [% (no.)]

Balfour et Yes [6] HD ACV × 3mo (53) 7.5 (4) 17 (1/6) 9.7 (3/31) Randomised, placebo-controlled
al.[51] Placebo (51) 29 (15) 100 (7/7) 28 (8/29) ACV reduced the rate of CMV

disease, mucocutaneous HSV (7% vs
36%)
No effect on patient, graft survival
ACV increased time to CMV disease

Pouteil- na [6] IV GCV × 14 days → 25 (6) ns ns Randomised, controlled
Noble et HD ACV to 3mo (24) No difference in moderate/severe

al.[52] Control (26) 54 (14) ns ns CMV disease
No difference in rejection, graft
survival

Brennan et Yes [4+] PO GCV × 3mo (19) 21 (4) ns ns Randomised treatment
al.[53] LD ACV 400 mg/day (23) 61 (14) ns ns PO GCV prevents CMV disease,

benefits persist after discontinuation
PO GCV delays onset of CMV
disease

Flechner et Yes [6] PO GCV × 3mo (40) 5 (2) 0 (0/14) 6.7 (1/15) All D+/R– got CMVIg × 8
al.[54] HD ACV × 3mo (39) 23 (9) 38 (5/13) 15 (4/26) Randomised treatment

One late CMV disease in GCV group
ACV only effective in D–; GCV
superior for D+

Lowance et na [6] ValACV × 3mo (306) 5.9 (18) 16 (16/102) 1 (2/204) Randomised, placebo-controlled
al.[55] Placebo (310) 19 (60) 45 (48/106) 6 (12/204) ValACV reduced and delayed CMV

disease
ValACV reduced HSV lesions
ValACV reduced biopsy-proven acute
rejection

ACV = aciclovir (acyclovir); ALA = antilymphocyte globulin for induction; D– = donor seronegative; D+/R– = donor seropositive, recipient
seronegative; GCV = ganciclovir; HD ACV = oral aciclovir >3 g/day; HSV = herpes simplex virus; Ig = immunoglobulin; IV = intravenous; LD
= low-dose; na = not applicable; ns = not stated; PO GCV = oral ganciclovir 3 g/day; R+ = recipient seropositive; valACV = valaciclovir
(valacyclovir).

King et al.[59] conducted a trial to compare the was not significantly different between groups of
patients during the 120-day follow-up period.efficacy of intravenous Ig (IVIg) plus placebo with

A placebo-controlled study in liver recipients atthat of IVIg plus intravenous ganciclovir for 30 days
risk for CMV infection demonstrated that 14 weeksin high-risk paediatric liver recipients. There were
of oral ganciclovir was effective in lowering theno significant differences in rates of CMV disease,
incidence and severity of CMV disease and also

bacteraemia, fungaemia or episodes of rejection be-
delayed the onset of CMV disease, when compared

tween treatment groups. The authors did observe a with placebo.[61] These differences were seen in the
trend toward later onset of CMV disease in the high-risk and ALA-treated patients, but oral ganci-
group that received intravenous ganciclovir and they clovir did not confer survival advantage nor provide
suggested that a longer course of intravenous ganci- protection against rejection compared with placebo
clovir might be more effective in this population. during the 12-month follow-up period.

A randomised trial demonstrated the superior CMV Prophylaxis in Heart Transplantation
efficacy of long-term (100 days) administration of Aguado et al.[62] compared 10 weeks of CMVIg
intravenous ganciclovir versus oral HD aciclovir for with 14 days of intravenous ganciclovir in 31 CMV
protection against CMV disease, including among seropositive recipients who had received 14 days of
those who had received ALA.[60] Patient survival muromonab CD3 (OKT3) induction and found a
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Table V. Cytomegalovirus (CMV) prophylaxis in liver transplantation

Study ALA Regimen CMV D+/R– R+ Comments
[follow-up (no. pts) disease [% (no.)] [% (no.)]
(mo)] [% (no.)]

Martin Some [6] IV GCV × 14 days → HD ACV 9.1 (6) 43 (3/7) 3.7 (2/54) Randomised treatment arms
et al.[57] to 3mo (66) No effect on D+/R– primary infection

HD ACV (71) 28 (20) 64 (7/11) 22 (12/54) Decreased invasive CMV disease,
recurrence, and delayed onset of
infection with GCV/ACV
No difference in patient or graft
survival

Badley Some [12] IV GCV × 14 days → HD ACV 11 (ns) 25 (ns) ns Randomised treatment arms
et al.[56] to 3mo (83) Addition of IV GCV effective in CMV

HD ACV to 3mo (84) 23 (ns) 58 (ns) ns disease prevention, even in D+/R–;
reduction in candidiasis
No difference in patient/graft survival
or rejection

Green No [12+] IV GCV × 14 days (24) 8.3 (2) 0 (0/5) 20 (2/10) Paediatric, randomised treatment
et al.[58] IV GCV × 14 days → HD ACV 29 (7) 57 (4/7) 22 (2/9) Addition of ACV did not add to

to 12mo (24) efficacy of IV GCV
No CMV-related deaths in either
group

King na [6] IV GCV × 30 days + IVIg × 17 (5) 17 (5/29) na Paediatric, randomised, placebo-
et al.[59] 16 wks (29) controlled

Placebo + IVIg × 16 26 (7) 26 (7/27) na No difference in CMV disease,
wks (27) rejection, bacteraemia, fungaemia

Trend toward delayed CMV disease
with IV GCV

Winston Some [4+] IV GCV × 100 days (124) 2.4 (3) 10 (1/10) 0 (0/114) Randomised treatment arms
et al.[60] HD ACV (126) 11 (14) 9.1 (1/11) 8.4 (9/107) Long-term IV GCV eliminated CMV

disease
Two late CMV cases in each group,
no HSV or EBV
No difference in bacterial/fungal
infections, survival or cause of death

Gane Some [12] PO GCV × 3mo (150) 4.7 (7) 14 (3/21) 3.1 (4/128) Randomised, placebo-controlled
et al.[61] Placebo (154) 19 (29) 44 (11/25) 14 (18/128) PO GCV decreased incidence,

severity of CMV disease, delayed
onset of CMV disease; even in ALA-
treated patients
No difference in rejection, survival

ACV = aciclovir (acyclovir); ALA = antilymphocyte globulin for induction; D+/R– = donor seropositive, recipient seronegative; EBV =
Epstein-Barr virus; GCV = ganciclovir; HD ACV = oral aciclovir >3 g/day; HSV = herpes simplex virus; Ig = immunoglobulin; IV =
intravenous; na = not applicable; ns = not stated; PO GCV = oral ganciclovir 3 g/day; R+ = recipient seropositive.

much higher incidence of CMV disease and visceral R–) treated with 28 days of intravenous ganciclovir
involvement in the patients who had received versus placebo. In final analysis, intravenous ganci-
CMVIg (table VI). There were no differences in clovir was effective for CMV prophylaxis but less
rates of opportunistic infection, severe acute rejec- effective for the D+/R–subgroup than for the R+
tion or death between groups at 6 months. subgroup.

In a large randomised study,[63] enrolment was Mullen et al.[64] reported results from a retrospec-
terminated early when an interim analysis demon- tive comparison of sequential prophylaxis with in-
strated a significant difference in CMV disease rate travenous ganciclovir for 14 days followed by either
among patients at risk for CMV disease (R+ or D+/ oral aciclovir or oral ganciclovir. Ganciclovir was
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demonstrated to be superior to aciclovir with respect ences in the rates of rejection, graft survival or
to CMV disease incidence and it also produced a patient survival between groups at 1 year.
significant delay (to >6 months) in the onset of The incidence of CMV disease was reduced, and
CMV disease. When subgroup analysis was per- the onset of CMV disease was delayed, if intrave-
formed, the D+/R– patients also benefited from gan- nous ganciclovir during ALA induction was added
ciclovir versus aciclovir, and the authors noted that to 3 months of oral MD aciclovir.[67]

the distribution of CMV disease among the ganci-
Somerville et al.[68] demonstrated that oral ganci-clovir recipients was not related to CMV serostatus.

clovir was more effective than low-dose (1200 mg/
day) aciclovir when given for prophylaxis and

CMV Prophylaxis in Pancreatic Transplantation during ALA treatment for rejection. The results
We reviewed five retrospective comparative were striking, with a 9.7% incidence of CMV dis-

studies of CMV prophylactic regimens in pancreas ease in the ganciclovir group versus 50% incidence
(± kidney) recipients; rates of disease were reported in the aciclovir group, but were confounded by the
without respect to serological subgroups (table VII). significant differences in immunosuppressive regi-

mens between the groups. In both groups, the aver-Elkhammas et al.[65] compared outcomes for 38
age time to CMV disease onset was >6 months.pancreas-kidney recipients given 3 months of oral

HD aciclovir and outcomes for a group of 85 histori- Stratta et al.[69] compared four prophylactic regi-
cal controls who did not receive antiviral prophylax- mens. Two groups were prospectively randomised
is. They did not observe significant differences in to receive 2 weeks of intravenous ganciclovir fol-
CMV disease incidence, patient survival or graft lowed by oral HD aciclovir, plus either IVIg or
survival for the group who received prophylaxis CMVIg. The randomised patients were compared
versus the historical controls. with two historical groups: one group of patients had

Eight days of intravenous ganciclovir followed received 2 weeks of intravenous ganciclovir fol-
by aciclovir at 1600 mg/day was found to be a more lowed by oral MD aciclovir and the other had re-
effective prophylactic regimen than 3 months of ceived oral MD aciclovir plus IVIg. The authors
low-dose (800 mg/day) aciclovir in pancreas ± kid- concluded that there were no significant differences
ney recipients.[66] The authors did not observe differ- between prophylactic regimens with regard to the

Table VI. Cytomegalovirus (CMV) prophylaxis in heart transplantation

Study ALA [follow- Regimen (no. pts) CMV disease D+/R– R+ Comments
up (mo)] [% (no.)] [% (no.)] [% (no.)]

Aguado et Yes [6] IV GCV × 14 days (16) 6 (1) na 6 (1/6) Randomised treatment arms
al.[62] CMVIg × 6 doses (15) 40 (6) na 40 (6/15) CMVIg group had more CMV (and

tissue invasion) disease

Merigan et Yes [4+] IV GCV × 28 days (76) 16 (12) 37 (7/19) 8.9 (5/56) Randomised, placebo-controlled
al.[63] Placebo (73) 42 (31) 31 (5/16) 46 (26/56) Stopped enrolment early because of

interim result
Decreased HSV (26% → 4%) with
GCV
D+/R– needed longer prophylactic
regimen

Mullen et na [6+] IV GCV × 14 days → 2 (1) 0 (0/14) 2.7 (1/37) Retrospective, comparison
al.[64] PO GCV to 3mo (62) GCV much more effective prophylaxis

IV GCV × 14 days → 18 (14) 14 (2/14) 20 (11/54) than ACV
ACV 2.4 g/day to 3mo GCV delayed CMV disease to beyond
(77) 6 months

ACV = aciclovir (acyclovir); ALA = antilymphocyte globulin for induction; D+/R– = donor seropositive, recipient seronegative; HD ACV = oral
aciclovir >3 g/day; GCV = ganciclovir; HSV = herpes simplex virus; Ig = immunoglobulin; IV = intravenous; na = not applicable; PO GCV =
oral ganciclovir 3 g/day; R+ = recipient seropositive.
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Table VII. Cytomegalovirus (CMV) prophylaxis in pancreas transplantation

Study ALA Regimen (no. pts) CMV Comments
[follow-up disease
(mo)] [% (no.)]

Elkhammas Yes [ns] HD ACV to 3mo (38) 26 (10) Retrospective
et al.[65] Historic controls (85) 35 (30) No significant difference in CMV disease,

patient or graft survival with ACV

Harland et Yes [3+] IV GCV × 8 days → ACV 1600 mg/day to 3mo (24) 25 (6) Retrospective
al.[66] ACV 800 mg/day to 3mo (16) 56 (9) GCV/ACV more effective than ACV alone

Kohli et al.[67] Yes [6+] IV GCV with ALA, ACV 2.4 g/day to 3mo (23) 17 (4) Retrospective, ?GCV only during induction
ACV 2.4 g/day to 3mo (23) 74 (17) IV GCV reduced, delayed CMV disease

Somerville Some [5+] IV GCV with ALA → PO GCV × 3–6mo (31) 9.7 (3) Retrospective, comparison
et al.[68] IV GCV with ALA → ACV 1.2 g/day × 3–6mo (22) 50 (11) ACV got more induction (95% vs 25%)

GCV got more MMF (100% vs 23%)
PO GCV was effective targeted CMV
prophylaxis

Stratta et Yes [6+] IV GCV × 14 days → HD ACV × 3mo + IVIg (9) 44 (4) Part randomised, historical comparisons
al.[69] IV GCV → HD ACV + CMVIg (9) 22 (2) No differences in CMV disease (incidence

IV GCV × 14 days → ACV 2 g/day to 3mo (34) 26 (9) timing, severity)
ACV 2 g/day to 3mo + IVIg × 6 doses (30) 27 (8) No added benefit to Ig

ACV = aciclovir (acyclovir); ALA = antilymphocyte globulin for induction; GCV = ganciclovir; HD ACV = oral aciclovir >3 g/day; Ig =
immunoglobulin; IV = intravenous; MMF = mycophenolate mofetil; ns = not stated; PO GCV = oral ganciclovir 3 g/day.

Intestinal Transplantationincidence, timing or severity of CMV disease, and
One group in Pittsburgh, PA, USA publishedthat there was no benefit to the addition of Ig to

their results with 72 (adult and paediatric) intestineprophylactic regimens.
transplant recipients.[78] The overall incidence of
CMV disease was 33% but when the 28 D–/R–CMV Prophylaxis in Lung Transplantation
recipients (who did not experience CMV disease)

Studies investigating CMV prophylactic regi-
are excluded, CMV disease incidence was 55% (24

mens in lung transplant recipients are more difficult
of 44). Recurrences were common (52 episodes in

to interpret because the numbers of subjects studied
24 patients), graft enteritis was the most frequent

are small, and inclusion of untreated or placebo manifestation (43 of 52 total episodes) and enteritis
groups for comparison is usually not prudent in not infrequently presented without viraemia.
these high-risk patients (table VIII).

Definitions of CMV disease among the studies Summary
varied considerably, but reported CMV disease inci- The results of these studies, although based on
dence in lung recipients at risk for CMV disease was small sample sizes with different incidences of
significantly higher than reported incidence in other CMV disease, essentially recapitulate the earlier
types of SOT recipients, approaching 60–70% even review of CMV disease in SOT. The incidence of
in the lower-risk patient groups. Long courses (>90 CMV disease occurred in rate hierarchies: by organ,
days) of intravenous or oral ganciclovir, with or with the highest rates were observed in intestine,
without additional Ig, provided the most effective lung and pancreas recipients, and the lowest rates
protection against CMV disease.[39,70-74] Shorter were seen in kidney recipients; by serostatus (D+/R–
courses of intravenous ganciclovir (4–6 weeks), > R+ > D–/R–); and by amount of immunosuppres-
with or without sequential aciclovir, were less effec- sion administered (ALA for rejection > ALA induc-
tive,[75-77] and 3 months of oral MD aciclovir was tion > no ALA). Similarly, prophylactic regimens
essentially ineffective in the prevention of CMV were more effective in the lower-risk organ trans-
disease.[70,77] CMV D–/R– lung recipients did not plants, in the lower-risk serogroups and in the pa-
usually experience CMV disease.[70] tients who received less intensive immunosuppres-
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sion regimens. Ganciclovir-based prophylactic regi- disease to medications and has the potential for
mens were more effective than aciclovir-based selection of resistant strains of virus by providing
regimens, long-term prophylaxis was superior to long exposure to relatively low doses of antiviral
short-term prophylaxis in lung transplant recipients, medications. More selective regimens might be
and results with use of Ig preparations were conflict- more cost effective, both monetarily and in terms of
ing. reduced exposure for lower-risk patients. Even ef-

Universal prophylaxis is widely used and is ef- fective regimens, while delaying the onset of CMV
fective in reducing CMV-related morbidity, but ex- infection, have not been definitively shown to bene-
poses patients who might never be at risk for CMV fit patient or graft survival.

Table VIII. Cytomegalovirus (CMV) prophylaxis in lung transplantation

Study ALA [follow- Regimen (no. pts) CMV disease D+/R– R+ Comments
up (mo)] [% (no.)] [% (no.)] [% (no.)]

Maurer et na [na] CMVIg to 3mo (14) na (only 50 (2/4) 20 (2/10) Retrospective, CMV pneumonitis
al.[70] pneumonitis incidence

recorded) No deaths due to CMV pneumonitis

ACV 2.4 g/day + CMVIg to na 100 (2/2) 60 (6/10) No prophylaxis, no CMV disease in
3mo (12) D–/R– (n = 14)

IV GCV/CMVIg × 3mo (17) na 40 (2/5) 41 (5/12) 1-year survival only independent of
CMV serostatus in the IV GCV
group

Weinberg na [na] D+/R– IV GCV × 90 days → 17 (7/41) [all 29 (2) na Followed prospectively, observation
et al.[71] MD ACV to 6mo + CMVIg × patients] 4 D–/R–, no prophylaxis, no CMV

7 doses (7) disease

R+ IV GCV × 28 days → MD na 17 (5/30) If OKT3 for rejection, all got IV GCV
ACV to 6mo + CMVIg once × 5 days plus CMVIg once
(30)

Gerbase Yes [4+] IV GCV × 5mo (21) na 20 (1/5) na Observation
et al.[72]

Gutierrez Varied [na] IV GCV × 12wk + CMVIg × 13 (5) 12 (2/17) 14 (3/22) Observation
et al.[73] 6wk (39) Prophylaxis prevented or delayed

CMV disease (all at >100 days)

Speich et Yes [6+] IV GCV days 7–90 (5) 0 (0) ns ns Open-label, comparison, historical

al.[74] IV GCV days 7–21 → PO 11 (1) ns ns controls
GCV days 22–90+ (9) All CMV-at-risk (D+ and/or R+)

Historical controls (8) 75 (6) ns ns GCV delayed time to CMV disease

Zamora et No [na] IV GCV × 28 days → HD na na 30 (7) Retrospective observation; all got
al.[75] ACV to 6mo + CMVIg × 3 CMVIg once with OKT3 for

doses (23) rejection
Prophylaxis limited and delayed the
onset of CMV disease in CMV R+

Kelly et No [6+] IV GCV × 6wk (21) 38 (8) 50 (3/6) 33 (5/15) Observation
al.[76] No deaths, mechanical ventilation

due to CMV

Duncan et Yes [3+] IV GCV days 5–27 → MD 15 (2) 100 (ns) ns Observation, historical comparison;
al.[77] ACV to 80 days (13) CMV-at-risk

MD ACV days 7–97 (11) 64 (7) 100 (na) ns All got IV GCV × 21 days for CMV
infection
All D+/R– had CMV disease;
numbers not given

ACV = aciclovir (acyclovir); ALA = antilymphocyte globulin for induction; D– = donor seronegative; D+ = donor seropositive; GCV =
ganciclovir; HD ACV = oral aciclovir >3 g/day; Ig = immunoglobulin; IV = intravenous; MD = medium dose; na = not applicable; ns = not
stated; OKT3 = muromonab-CD3; PO GCV = oral ganciclovir 3 g/day; R– = recipient seronegative; R+ = recipient seropositive.
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Table IX. Pre-emptive prophylactic regimens for cytomegalovirus (CMV)

Study ALA [follow- Regimen (no. pts) CMV disease D+/R– R+ Comments
up (mo)] [% (no.)] [% (no.)] [% (no.)]

Hibberd et Some [6] IV GCV (64) ns ns 14 (9) Randomised, controlled
al.[79] Controls (49) ns ns 33 (16) Prophylaxis during any ALA

administration
Pre-emptive IV GCV reduced CMV
disease
Incidence of CMV disease was
higher when ALA was used for
rejection than for induction

Conti et al.[80] Yes [12] IV GCV (22) 9 (2) na 9 (2) Randomised, controlled

Controls (18) 56 (10) na 56 (10) Prophylaxis during any ALA
administration
Pre-emptive IV GCV reduced CMV
disease

Lumbreras No [6] IV GCV × 14 days (25) 12 (3) 100 (1/1) 8.3 (2/24) Retrospective comparison
et al.[81] Historical controls (25) 52 (13) 100 (2/2) 48 (11/23) Prophylaxis during OKT3 for

rejection

Hopt et al.[82] Yes [12] IV GCV during ALA + 5 14 (5) ns (4) ns Retrospective, pre-emptive
days after (36) prophylaxis versus none

Historical controls (34) 38 (13) ns (3) ns Pre-emptive prophylaxis markedly
reduced the incidence of CMV
disease

ALA = antilymphocyte globulin for induction; D+/R– = donor seropositive, recipient seronegative; GCV = ganciclovir; IV = intravenous; na =
not applicable; ns = not stated; OKT3 = muromonab-CD3; R+ = recipient seropositive.

3.1.2 Pre-emptive Prophylactic Regimens during ALA administration. The group who had
received ganciclovir experienced significantly lessPre-emptive prophylaxis (table IX) is generally
CMV disease than the control group.used in SOT recipients at risk for CMV disease,

during administration of ALA preparations for in- Lumbreras et al.[81] retrospectively compared
duction or for treatment of steroid-resistant episodes outcomes in liver transplant recipients at risk for
of rejection. CMV disease who had received intravenous ganci-

clovir during administration of muromonab-CD3 forHibberd et al.[79] reported the results of a multi-
treatment of rejection with outcomes in a similarcentre, randomised trial that compared the incidence
group of historical controls who had not receivedof CMV disease in CMV R+ kidney recipients who
pre-emptive prophylaxis. A significant decrease inhad received intravenous ganciclovir during ALA
symptomatic CMV disease was demonstrated in theadministration (for induction and/or rejection) with
ganciclovir group but all of the D+/R– patientsthe incidence in similar kidney recipients who had
developed CMV disease.not received antiviral medications during ALA ad-

ministration. The group that received ganciclovir The effect of pre-emptive prophylaxis in kidney-
had a lower incidence of CMV disease than the pancreas recipients was retrospectively reported.[82]

control group but the incidence of tissue invasive Outcomes for 34 patients who did not receive pre-
disease was similar between groups. The patients emptive prophylaxis were compared with those for a
who had received ALA for rejection had significant- group of 36 individuals who had received intrave-
ly higher incidence of CMV disease than those who nous ganciclovir, during (and for 5 days after) each
had received only ALA induction therapy. course of ALA therapy, within the first year after

In a similar study, Conti et al.[80] randomised a transplantation. The incidence of CMV disease was
group of CMV R+ kidney recipients to receive reduced significantly for the patients who had re-
intravenous ganciclovir or no specific therapy ceived ganciclovir, and the authors concluded that
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pre-emptive ganciclovir prophylaxis during ALA of the pre-emptive therapy group. CMV disease
therapy was very effective in preventing CMV dis- occurred without prior positive cultures in four of
ease after kidney-pancreas transplantation. seven cases in the prophylaxis group and in one of

one case in the pre-emptive group. The authors
Summary concluded that HD aciclovir was ineffective as
Pre-emptive, or targeted, prophylaxis with intra- CMV prophylaxis for liver recipients and that, al-

venous ganciclovir was effective in reducing the though pre-emptive therapy based on shell vial cul-
incidence of CMV disease among patients who re- ture appeared to reduce the incidence of CMV dis-
ceived ALA. ease, the shell vial method of monitoring was inade-

quate for accurate prediction of the occurrence of
3.1.3 Pre-emptive Therapy for Avoidance of CMV disease.CMV Disease

With the advent of sensitive, specific tests suchSingh et al.[83] conducted a randomised, prospec-
as those for antigenaemia and polymerase chaintive trial comparing efficacy of CMV prophylaxis
reaction (PCR)-based assays, some centres have be-with that of pre-emptive therapy (table X). A cohort
gun to use pre-emptive therapy in lieu of prophylax-of 47 liver transplant recipients was monitored for
is and have reported their results with this method ofCMV infection with shell vial cultures of buffy coat
prevention of CMV disease.and urine. Twenty-four patients received oral HD

aciclovir prophylaxis for 24 weeks and 23 patients Kusne et al.[84] prospectively monitored a group
received 7 days of pre-emptive intravenous ganci- of 144 adult liver transplant recipients with pp65
clovir only if a positive culture result was obtained antigen (pp65Ag) assay weekly for 3 months, then
(six patients received eight courses of pre-emptive monthly for a further 3 months. Pre-emptive therapy
therapy). At 24 weeks, 42% of the prophylaxis with intravenous ganciclovir was initiated only if a
group had CMV isolated by culture, versus 26% of positive pp65Ag result was obtained and was con-
the pre-emptive therapy group, and CMV disease tinued until the assay results became negative. A
occurred in 29% of the prophylaxis group versus 4% total of 45% of the patients never had a positive

Table X. Pre-emptive therapy for cytomegalovirus (CMV)

Study Follow- Monitoring Treated if Treatment CMV D+/R– R+ Comments
up (mo) disease [% (no.)] [% (no.)]

[% (no.)]

Singh 6 Shell vial cx Cx positive IV GCV × 7 days 4.3 (1/23) 100 (2/2) 0 (0/20) Liver, randomised:
et al.[83] Shell vial cx Symptomatic 24wk prophylaxis 29 (7/24) 50 (1/2) 23 (5/22) prophylaxis vs pre-

(HD ACV) emptive therapy
CMV disease without
prior positive cultures
in both groups

Kusne 6+ pp65Ag R–: pp65Ag+ IV GCV until 8 (12/144) 21 (5/24) na Liver, observation

et al.[84] R+: pp65Ag >100 pp65Ag– na 6.4 (7/110) D–/R– no disease but
cells/10 000 leukocytes 2/10 treated for

pp65Ag+

Egan Varied CMV Ag CMV antigenaemia in IV GCV × 21 37 (7/19) ns ns CMV-at-risk heart ±
et al.[85] >50/200 000 PMNL days lung; pre-emptive vs

symptomatic treatment

CMV Ag Symptomatic Treatment at 78 (14/18) ns ns No tissue-invasive
clinician’s disease with pre-
discretion emptive vs five cases

in controls

Ag = antigen; cx = culture; D+/R– = donor seropositive, recipient seronegative; D– = donor seronegative; HD ACV = oral aciclovir >3 g/day;
IV GCV = intravenous ganciclovir; na = not applicable; ns = not stated; PMNL = peripheral blood polymorphonuclear leukocytes; R+ =
recipient seropositive.
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pp65Ag result and did not receive antiviral treat- emptive group. This patient had developed high-
level antigenaemia prior to disease onset but had notment. The remaining 55% of patients had a positive
been treated because the level was obtained after thepp65Ag result and were treated pre-emptively, but
120-day pre-emptive treatment period. The authors8.3% of the patients experienced CMV disease de-
acknowledge the limitations of the study (small pop-spite pre-emptive therapy. A total of 21% of the D+/
ulation, retrospective analysis) and state that long-R– recipients (30% of the high-risk patients who had
term follow-up is needed to determine whether pre-received pre-emptive treatment), 6.4% of the R+
emptive therapy will prevent the immunologicalrecipients (12% of the moderate-risk patients who
consequences of subclinical CMV infection.had received pre-emptive treatment), and none of

the ten D–/R– patients (two had been treated for a Summary
positive pp65Ag result) experienced an episode of Pre-emptive therapy for prevention of CMV dis-
CMV disease. The estimated cost of the pre-emptive ease is an attractive concept, as medications are
therapy, including monitoring costs, was less than administered only to patients at documented risk of
the estimated cost of universal prophylaxis for 144 disease. In theory, this method reduces both total
patients, and the authors concluded that pre-emptive costs of CMV-related care and the risk of emergence
therapy guided by pp65Ag monitoring was a useful of resistance to antiviral medications; however, this
and cost-effective strategy for prevention of CMV method is also associated with some risks that are
disease. not present with use of universal prophylactic regi-

mens. CMV replication is associated with additionalEgan et al.[85] compared CMV-related outcomes
immunosuppressive effects and with rejection, evenfor a group of 39 heart, lung and heart-lung recipi-
when active CMV infection is clinically inapparent.ents at risk for CMV disease who were monitored
In addition, patient compliance with monitoring pro-with CMV antigenaemia testing. Nineteen recipi-
tocols, effective laboratory staff and assays, and theents were included in a treatment study and received
ability to respond quickly to evidence of viral repli-intravenous ganciclovir for 21 days (if this result
cation are paramount to the success of a pre-emptivewas obtained within 120 days of transplant) for
therapy strategy.high-level CMV antigenaemia. Outcomes for these

As with prophylactic regimens, the higher-riskpatients were compared with those of a group of 18
patients receiving pre-emptive therapy regimenssimilar patients who had also been monitored with
have higher rates of CMV disease than the lower-CMV antigenaemia testing but had been treated at
risk patients.the clinician’s discretion, in the absence of know-

ledge regarding the antigenaemia results. All high-
3.2 Herpes Simplex Virusrisk (D+/R–) patients received prophylactic CMVIg.

CMV antigenaemia was monitored weekly for 6 The herpes simplex viruses types 1 and 2 are
weeks, then fortnightly to week 12, then monthly alpha herpesviruses. Worldwide, more than 90% of
thereafter. A total of 81% of the patients developed adults have antibody to HSV by their fifth dec-
positive CMV antigenaemia at any level. Of the ade;[86] in the US, 50–70% of adults are HSV-1
patients in the pre-emptive group, 53% developed seropositive and 20–50% of adults have latent
high-level antigenaemias compared with 50% of the HSV-2 infection.[16] Similar to CMV, HSV sero-
control recipients. Symptomatic CMV infection had prevalence varies with age and socioeconomic sta-
developed in 37% of the pre-emptive group versus tus.[16] Transmission occurs by direct contact with
78% of the control group at 120 days after trans- the mucosal surfaces and oral and genital secretions
plant. During the same period, five patients devel- of actively infected individuals.[86] Transmission of
oped tissue invasive disease in the control group HSV also occurs in the absence of clinical symp-
versus none in the pre-emptive therapy group. CMV toms because intermittent asymptomatic viral shed-
duodenitis developed late in one patient in the pre- ding continues after infection.[87]
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After primary infection, HSV replicates in epi- petent host, but is more frequent, may become more
dermal and dermal cells, and spreads to local senso- invasive, takes longer to heal and has greater poten-
ry or autonomic nerve endings; latency occurs in the tial for dissemination to visceral organs.[15] Local
nerve ganglia.[86] The exact mechanism of reactiva- spread can result in ulcerative oesophagitis, trache-
tion is unknown, but reactivation has been asso- obronchitis or pneumonitis.[31,89] Visceral dissemi-
ciated with ultraviolet light, stress, fever and immu- nation is usually via HSV viraemia,[86] and can
nosuppression.[86] involve the liver, lungs, adrenal glands, gastrointes-

tinal tract and skin;[15] this is rare and has a highClinical manifestations of HSV infection are va-
associated mortality rate.[88,90] HSV pneumonia isried and depend on the anatomic site and the age and
most common in lung and heart-lung transplant re-immune status of the host. The major morbidity
cipients[15] but can occur in other types of SOT,associated with HSV is a result of the frequency of
especially if instrumentation (intubation, bronchos-clinically apparent reactivations.[86] HSV-1 lesions
copy) takes place during an active HSV infection.typically occur above the waist (orolabial) and

HSV-2 lesions are more common below the waist Fortunately, HSV encephalitis is rare after
(anogenital), but either type can occur in either area SOT.[31] Mucocutaneous HSV is usually self-limit-
depending on the original site of contact with the ed, even after SOT, and rarely fatal. There is no clear
virus.[87] Typical reactivations present as clustered detrimental effect of HSV infection on allograft
vesicles on an erythematous base,[86] which then survival.[15]

ulcerate, crust and heal spontaneously within 5–10 The importance of considering prophylaxis for
days.[15] HSV has diminished in view of the widespread

T cell-mediated immune responses are critical for practice of CMV prophylaxis, which is also effec-
virus containment[86] and SOT recipients are at in- tive in prevention of HSV reactivation. With the
creased risk for severe HSV disease. After SOT the recent advent of pre-emptive therapy regimens, the
vast majority of HSV infections are reactivations issue of HSV prophylaxis should again be ad-
that occur within the first few weeks after transplant. dressed.
Primary HSV infection can rarely be transmitted by Table XI presents data from HSV prophylactic
an infected donor organ[88] and HSV seronegative regimens using low doses (600–800 mg/day) of oral
patients can acquire the disease in the community. aciclovir for periods of 2–12 weeks after SOT.[91-95]

HSV reactivation in SOT commonly presents in These trials report reductions in rates of symptomat-
similar fashion to reactivation in an immunocom- ic HSV infection versus placebo or historical con-

Table XI. Herpes simplex virus (HSV) prophylaxis

Study Follow-up Regimen (no. pts) HSV disease Comment
(mo) [% (no.)]

Seale et al.[95] na PO ACV 600 mg/day × 30 days (19) 0 Randomised, placebo-controlled

Placebo (21) 52 (11) Kidney transplant, all HSV R+

Petterson et al.[94] na PO ACV 800 mg/day × 28 days (18) 0 Randomised, placebo-controlled

Placebo (17) 53 (9) Kidney transplant, all HSV R+

Jirisiritham et al.[91] 6 PO ACV 600 mg/day × 60 days (20) 5 (1) Randomised, controlled

PO ACV 600 mg/day × 30 days (20) 10 (2) Kidney transplant, all HSV R+

Controls (20) 30 (6)

Carrier et al.[93] 12 PO ACV to discharge (58) 9 (5) Retrospective comparison

Historical controls (24) 46 (11) Heart transplant, ?HSV status (serology
not obtained)

Arazi et al.[92] 6 PO ACV 600 mg/day × 14 days (45) 16 (7) Retrospective comparison

Historical controls (10) 80 (8) Heart transplant, HSV status variable
na = not applicable; PO ACV = oral aciclovir (acyclovir); R+ = recipient seropositive.
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trols from 30–50% to 0–10% in kidney recipients infected individuals and, if exposure does occur,
and from 46–80% to 9–16% in heart transplant should receive prompt medical attention and vari-
recipients, with persistence of protective effects cella-zoster Ig (VZIg) within 96 hours of exposure.
after discontinuation of prophylaxis. Similar results Recurrent VZV disease occurs in 5–15% of pa-
are incidentally reported in trials of aciclovir,[51,60] tients after SOT, usually after the sixth post-trans-
ganciclovir[60,63] and valaciclovir[55] for CMV pro- plant month.[31] Zoster after SOT is generally un-
phylaxis in various organs. complicated and rarely disseminates,[100] but lesions

can involve two or more adjacent dermatomes, can
3.3 Varicella-Zoster Virus be more extensive than in immunocompetent hosts,

and can be haemorrhagic and/or necrotic.[98] There
VZV is a member of the alpha subgroup of are also reported cases of second episodes of (prima-

herpesviruses. VZV causes two distinct clinical syn- ry) varicella after SOT.[100]

dromes, depending on whether infection is primary Prophylactic regimens for reactivated VZV are
or reactivation of latent VZV. The primary syn- neither practical nor cost effective after SOT be-
drome, varicella or chickenpox, is a common, highly cause of the late onset of disease and low proportion
contagious childhood illness that affects more than of affected individuals.[98] All SOT recipients should
90% of the population by the age of 15 years.[96]

receive prompt medical attention and VZIg (or poss-
VZV epidemics occur annually in late winter-early ibly antiviral medications if previously VZV sero-
spring and household attack rates for susceptible positive) immediately after contact with either vari-
individuals exceed 70%.[15] Chickenpox is infec- cella or zoster.
tious from approximately 2 days prior to rash onset
until all of the lesions have crusted (4–5 days).[96]

3.4 Epstein-Barr Virus
Transmission probably occurs via respiratory tract
secretions.[97] Asymptomatic primary infection is EBV is a gamma herpesvirus that is capable of
extremely rare and severity of disease increases with both lytic (replicative) and latent infection. Unlike
age at infection.[97] VZV is latent in the dorsal root other herpesviruses, which primarily affect SOT
ganglion.[98] recipients by causing infectious disease complica-

The reactivation syndrome for VZV is herpes tions, EBV has its most significant impact in SOT as
zoster (shingles), which occurs in more than 20% of the precipitating factor in the development of post-
the latently infected population, usually in the elder- transplant lymphoproliferative disorders (PTLD)
ly years; rarely, second episodes of zoster can oc- [table XII].
cur.[96] Although less contagious than primary VZV, In developed countries more than 90% of adults
shingles lesions contain transmissible virus until are EBV seropositive and EBV seroprevalence is
crusted and transmission of virus, via contact with even greater in underdeveloped nations.[101] In the
an individual with zoster, can occur to previously US, 85–95% of adults have been infected with
unexposed individuals. EBV.[16] In immunocompetent hosts, primary EBV

Primary VZV after SOT is rare and most com- infection has a range of manifestations from asymp-
monly seen in the paediatric transplant population tomatic infection to (rarely) fatal disseminated dis-
because of VZV epidemiology,[99] but varicella after ease.[114] EBV infection is acquired by close person-
SOT is usually more extensive, more severe and al contact with virus-containing oropharyngeal se-
longer-lasting, and has a higher mortality rate than cretions.[115,116] The incidence of clinically apparent
varicella in the normal host.[98] Post-transplant vari- EBV infection increases with age; most EBV infec-
cella can occasionally present as disseminated dis- tions in children are asymptomatic,[117] whereas
ease, which has a very high mortality rate, or as EBV-associated mononucleosis is most common in
isolated hepatitis.[31] Previously uninfected SOT re- populations where primary infection is delayed until
cipients should avoid contact with actively VZV- late adolescence or early adulthood.[116] Similar to
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Table XII. Incidence of post-transplant lymphoproliferative disorders (PTLD) in solid organ transplantation

Organ Overall [% (no.)] Reported (%) References

Kidney 1.3 (27/2017) 0.2–6.5 101-105

paediatric 12 (10/81) [EBV R– 10/46 (22%) vs EBV R+ 0/35 (0%)] na 106

Liver 2.2 (8/359) 2.1–2.6 104,107

paediatric 5 (2/40) [protocol for PTLD prophylaxis] na 108

Heart 2.5 (20/813) 1.9–7.2 101,103,107

Pancreas-kidney 5.4 (6/111) 2.7–11 104,107

Lung ± heart 6.5 (24/372) 1.8–20 101,103,107,109-112

paediatric 14 (2/14) na 109

Intestine 9.4 (3/32) na 113

paediatric 32 (13/41) [EBV R– 31% (4/13) vs EBV R+ 32% (9/28)] na 113
EBV = Epstein-Barr virus; na = not applicable; R+ = recipient seropositive; R– = recipient seronegative.

that of other herpesviruses, EBV seroprevalence is associated risk hierarchy:[115] intestine/lung/pancre-
higher with lower socioeconomic status. as > heart/liver > kidney transplant.[101] The reasons

for the differences in attack rates by organ are prob-After primary EBV infection has taken place,
ably related to similar predisposing factors forongoing low-grade replication in oropharyngeal epi-
CMV- and EBV-related disease: relative amount ofthelium occurs simultaneously with predominantly
lymphoid tissue (CMV, EBV load) per organ[120]latent B cell infection,[101] and B cells are the main

site of viral persistence.[115,117] EBV causes prolifer- and relative amount of total immunosuppression
ation and immortalisation of infected B cells which necessary for successful allograft function.
is countered in the immunocompetent host by strong Primary EBV infection is the most significant
humoral and cell-mediated responses to EBV infec- risk factor for the development of PTLD,[28,90] and
tion.[101] Proliferation of EBV-infected B cells is recipient EBV seronegativity is actually a relative
normally limited by removal by EBV-specific

contraindication to some types of organ transplanta-
cytotoxic T cells and natural killer cells.[107,118]

tion at some centres.[109] Although EBV-naive pa-
In SOT the vast majority of active EBV infec- tients constitute a small proportion of SOT recipi-

tions are reactivations, and are usually asymptomat- ents, approximately 50% of PTLDs are preceded by
ic and probably clinically unimportant; however, primary EBV infection,[119] and the risk of PTLD in
EBV-associated PTLD, although relatively infre- EBV R– is ten times higher than that of previously
quent compared with other herpesvirus-associated

EBV R+.[115]

diseases, is a significant and potentially avoidable
Total amount of immunosuppression is also anproblem in the SOT population. PTLD is very likely

important risk factor for PTLD.[102] PTLD is report-to be a progression of EBV-associated disease, re-
ed to be occurring more frequently[101,107] and earliersulting from an uncontrolled proliferation of EBV-
in the post-SOT course[103] than previously, and theinfected B cells[101] that is initially polyclonal and
increase in frequency has been incremental with thereversible, which may progress if untreated to a
incorporation of ciclosporin (cyclosporine),[110]monoclonal, EBV-autonomous malignant lympho-

ma.[119] Independent of pre-transplant serology, muromanab-CD3 and finally tacrolimus (FK 506)
SOT patients who develop PTLD generate higher into immunosuppressive regimens.[108] One group of
measurable EBV viral loads than those who do not authors from Portugal[102] reported that PTLD oc-
develop PTLD.[102] curs twice as frequently in North America as in

Europe and speculated that this is related to theLike CMV-associated disease, PTLD occurs
greater use of induction regimens containing ALAmore often with primary EBV infection than during
preparations in the former.reactivation of EBV and there is a similar organ-
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Other risk factors reported to be associated with There were three cases among 361 EBV R+ patients
the development of EBV-associated PTLD include and nine among 18 EBV R– patients; the original
high EBV viral load,[41,102,120-122] CMV seromis- EBV serologies were incomplete for two of the
match (D+/R–),[101] preceding symptomatic CMV cases. The risk of PTLD in the presence of the
infection,[13,28] high degree of HLA mismatch be- various risk factors was calculated. In the absence of
tween donor and recipient,[123] and occurrence of other risk factors, the incidence of PTLD was 24
retransplantation.[115] The greatest risk period for times higher for patients who were EBV R– than
PTLD is within the first year after SOT. Monitoring those who were EBV R+. Administration of
of EBV loads in high-risk patients is a technique muromonab-CD3 for rejection and CMV D+/R–
which, if standardised, could prove useful in serostatus each further amplified the risk 5- to
preventing PTLD or in pre-emptively treating it by 6-fold, and all three risk factors together (EBV R–,
reducing immunosuppression. Wadowsky et al.[124] muromonab-CD3 for rejection, CMV D+/R–) acted
recently reported on correlation of whole-blood synergistically to increase the risk of PTLD by a
EBV DNA loads measured by PCR with peripheral factor of 592. The authors concluded that two im-
blood lymphocyte DNA loads. They concluded that portant risk factors that together increased PTLD
testing whole blood is an acceptable alternative to risk by more than 100-fold (EBV R–, CMV R–)
the more complicated technique of testing peripher- could be identified before the occurrence of SOT.
al blood lymphocytes for EBV DNA. In the light of EBV and CMV seronegativity, along with
these observations, potential opportunities for pro- muromonab-CD3 administration for rejection, were
phylactic and/or pre-emptive strategies exist, and we independent risk factors for PTLD, and the three
reviewed several studies that seem to support the use factors when present in the same individual acted
of prophylactic strategies for EBV-associated synergistically to markedly increase the risk of
PTLD. PTLD. They also indicated that routine ALA induc-

tion was not found to significantly increase the riskAt the Mayo Clinic in Minnesota, Walker et
of PTLD.al.[107] studied the occurrence of PTLD among a

group of nonrenal transplant recipients to assess pre- Levine et al.[111] reviewed the records of 109
and post-transplant risk factors. A total of 381 SOT (primarily adult) lung transplant recipients to evalu-
recipients were identified: 281 liver, 43 heart, 37 ate the incidence of and risk factors for development
pancreas-kidney and 20 lung transplant recipients. of PTLD. Sixty patients received muromonab-CD3
Pre-transplant risk factors assessed included EBV induction, all of the patients received maintenance
recipient serology as well as CMV serology for both immunosuppression consisting of ciclosporin, aza-
donor and recipient. Post-transplant maintenance thioprine and corticosteroids, and all of the patients
regimens included ciclosporin, azathioprine and cor- received intravenous ganciclovir for 14 days, two
ticosteroids; routine use of ALA for induction was doses of CMVIg and oral aciclovir (2.4 g/day for 3
not consistent. Categorisation of ALA use was strat- months, then 1.2 g/day for life). EBV antibody
ified: none, ALA induction only, muromonab-CD3 screening via IgG and IgM was performed monthly
induction only, muromonab-CD3 for rejection only, (or at clinic visits) after discharge. Two cases of
or muromonab-CD3 for rejection after ALA induc- PTLD were identified among the 109 lung trans-
tion. All patients received oral aciclovir 600 mg/day plant recipients (1.8%), both were adults. Five pa-
for 1–2 months after SOT, and CMV D+/R– heart tients were EBV R– prior to transplant; all five
and lung recipients received either intravenous gan- seroconverted following transplant, and one of the
ciclovir for 14 weeks after SOT or sequential pro- cases of PTLD was among this group. The other
phylaxis with intravenous ganciclovir for 14 days case occurred in a previously EBV seropositive re-
followed by oral HD aciclovir for an additional 12 cipient. Both patients had received muromonab-
weeks. Fourteen cases of PTLD were identified. CD3 induction but neither had experienced episodes
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of rejection prior to the onset of PTLD. The inci- rejection therapy and young age at transplantation.
dence rate of PTLD in this group of lung transplant PTLD is more common among intestine and lung
recipients was low compared with the usual rates transplant recipients. The highest risk period for
reported in the literature, and the authors postulated PTLD is within the first year after SOT. Antiviral
that this was due to their use of lifelong aciclovir agents that could be effective are the same as the
prophylaxis and the resulting prolonged suppression agents used for CMV prophylaxis. Although some
of EBV replication. They recommended this ap- centres are attempting to provide prophylaxis
proach in EBV R– lung transplant recipients. against EBV, there is insufficient evidence to

recommend any particular prophylactic regimen.Darenkov et al.[125] retrospectively analysed the
Monitoring methods are not well developed, buteffect of antiviral prophylaxis on the development of
have potential for detection of upregulation of EBVPTLD in a group of 377 kidney, pancreas and liver
replication.SOT recipients. They compared 179 consecutive

recipients (1990–3) who had not received antiviral
4. Hepatitis Virusesprophylaxis with 198 similar SOT recipients

(1994–6) who had received antivirals during ALA Despite the ability to cause similar syndromes
therapy. Standard immunosuppression consisted of with clinically apparent infection, the viruses in the
ciclosporin and corticosteroids, and was augmented hepatitis virus group are genetically and epidemio-
in some patients with azathioprine and/or ALA in- logically diverse. HBV and HCV are important
duction therapy. Pre-emptive prophylaxis consisted pathogens in the SOT population, but the diseases
of intravenous ganciclovir for patients at risk for produced by these viruses are more important as
CMV disease and oral HD aciclovir for CMV D–/ indications for transplantation than as consequences
R– patients, and was administered throughout the of receiving a transplanted organ. HAV-related dis-
period of ALA administration and discontinued con- ease is a rare indication for transplantation and the
comitantly with ALA discontinuation. PTLD devel- consequences of HAV infection after SOT are de-
oped in 3.9% of the early cohort versus in 0.5% of batable. So-called ‘prophylaxis’ for recurrent HBV
the later cohort (p < 0.03). In the early cohort, PTLD and HCV after liver transplantation is controversial,
occurred in seven patients, all of whom were EBV suppressive rather than preventive and potentially
R+, had received at least one course of muromonab- lifelong, and full discussion of the regimens is be-
CD3 for rejection and were diagnosed within 6 yond the scope of this review. We include brief
months of transplantation (30–123 days). PTLD oc- overviews of these viruses for the sake of complete-
curred in one patient in the later cohort, a 15-year- ness.
old liver transplant recipient who was EBV R– and
CMV R+, and who had received a liver from a donor 4.1 Hepatitis A Virus
who was both EBV and CMV seropositive. This

HAV is a non-enveloped (RNA-containing)patient had experienced recurrent episodes of biop-
picornavirus that is hyperendemic in developingsy-proven, refractory rejection that required several
countries.[126] Transmission is by the faecal-oralcourses of ALA and muromonab-CD3. The authors
route and clinical severity of HAV disease is relatedconcluded that pre-emptive antiviral prophylaxis
to age at infection. Childhood infection is usuallyduring ALA administration was effective in reduc-
asymptomatic or mild, but >70% of HAV acquireding the incidence of PTLD and recommended this
in adulthood is symptomatic.[127] The majority ofapproach.
severe disease and HAV-related mortality occur in

3.4.1 Summary adults who contract the disease beyond the age of 50
PTLD adversely affects graft and patient survival years.[128] Acute liver failure secondary to HAV is

after organ transplantation. Risk factors for this dis- uncommon,[127] chronic carriage does not occur, and
ease are EBV D+/R–, administration of ALA for development of antibody after infection provides

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (24)



2784 Slifkin et al.

complete and long-lasting protection against rein- have led to its successful use after liver transplanta-
fection.[128] The clinical course of HAV is not tion to prevent recurrence.[137] Combination antiviral
thought to be more severe in immunocompromised therapy with two or more agents may ultimately
hosts,[128] although there is some evidence that HAV prove to be the most effective approach in order to
disease can be more severe in the setting of chronic minimise the development of drug resistance.[138]

liver disease.[127] Pre- or post-exposure prophylaxis The effect of chronic HBV infection on non-liver
can be provided against HAV with IVIg administra- SOT is largely unknown. Medium-term outcomes
tion,[126] if vaccination is inconvenient or will not after kidney[130] and heart[139] transplantation in the
provide timely protection, and can be given simulta- setting of chronic HBV infection are relatively
neously with vaccine. good, and SOT in the setting of chronic HBV infec-

tion is generally contraindicated only for non-hepat-
ic organs if cirrhosis or active viral replication4.2 Hepatitis B Virus
(HBV DNA detected in blood by PCR) is pre-

HBV is a DNA-containing hepadnavirus that is sent.[130]

transmitted by infected blood and body fluids as
well as perinatally;[129] HBV is endemic in some 4.3 Hepatitis C Virus
countries,[130] and in up to 30% of cases of HBV

HCV is an enveloped, single-stranded, RNA-infection there are no identifiable risk factors.[129]

containing virus that is related to the Flaviviri-HBV infection can be asymptomatic, especially if
dae.[140] Since the development of later-generationacquired perinatally or in early childhood, but long-
serological assays and PCR-based methods of detec-term adverse consequences of HBV infection are
tion, transmission by blood transfusion or organinversely related to age at acquisition of infection.
transplantation is much less common, and injectionPerinatal HBV infection carries up to 90% chance of
drug abuse is currently the most frequent mode ofchronic infection but the risk declines to 5–10% if
acquisition of HCV infection.[140] HCV infection hasHBV infection is acquired in adolescence or adult-
also been associated with intranasal cocaine use,hood.[129]

tattooing[140] and body piercing; less than 5% ofChronic HBV infection confers a 25–40% life-
HCV transmission occurs sexually or intrafamilial-time risk for death due to liver failure or hepatocel-
ly, and in up to 40% of community-acquired HCVlular carcinoma, and chronic liver disease due to
infections no risk factors can be identified.[141]HBV is among the ten most common indications for

Acute HCV infection is largely asymptomat-liver transplantation in adults.[131] Recurrence of ac-
ic,[140] but chronicity occurs in 85% and chronictive HBV liver disease occurs after liver transplanta-
liver disease occurs in 20% after infection.[141]tion in more than 90% of cases and is associated
Chronic HCV infection carries an increased risk forwith poor outcomes.[131-133] Administration of HBV
development of cirrhosis and hepatocellular carci-Ig (HBIg) dramatically improves outcomes, al-
noma, and is currently the leading indication forthough breakthroughs do occur.[133] HBIg is very
liver transplantation in the US.[127]expensive and the general consensus is that adminis-

tration must continue indefinitely to maintain effec- After orthotopic liver transplantation (OLT) for
tiveness.[131,132] The antiviral medications famciclo- chronic HCV disease, recurrence of HCV is almost
vir and lamivudine are currently being evaluated as universal and usually occurs within 1 month after
adjuncts to and substitutes for HBIg administration; OLT.[141,142] The long-term effect of recurrent HCV
these medications appear to be partially effective, after liver transplantation is largely unknown, but 5-
but resistance develops frequently[134] and outcomes year outcomes appear comparable to those observed
with these agents are not as consistent as with use of in patients transplanted for non-HCV-related liver
HBIg.[133] Some recent promising data on the use of disease.[143] After OLT, serological testing for HCV
adefovir dipivoxil in the treatment of HBV[135,136] is unreliable and serum HCV-RNA levels are not
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correlated with histological severity of HCV-in- fection is controlled by both antibody and cytotoxic
duced liver damage.[141] T cell responses,[148] both of which play a role in

recovery from and resistance to reinfection. Influen-Similarly, 5-year survival rates for non-hepatic
za can progress to pneumonia which is not uncom-SOT in the setting of HCV infection appear to be
monly complicated by bacterial superinfection, es-comparable to those among non-HCV-infected SOT
pecially with Streptococcus pneumoniae orrecipients,[139] and transplantation of HCV Ab+

organs is considered acceptable under some circum- Staphylococcus aureus.[149] This accounts for a large
stances.[141] Non-hepatic transplantation for HCV- proportion of the associated lower respiratory tract
infected candidates is strongly contraindicated only influenza disease.
if biopsy evidence of significant liver disease is Influenza infection after SOT is also acquired by
present.[141]

person-to-person contact and, thus, can occur at any
Treatment for HCV currently consists of admin- timepoint in relation to transplantation.[147] Antiviral

istration of 6 months or more of interferon, is suc- medications for prevention of influenza are adminis-
cessful in only a fraction of patients, and success of tered as post-exposure prophylaxis, rather than in
therapy depends in part on the genetic type of HCV. relation to any specific high-risk period or during a
Some promising data exist on the use of interferon high-risk intervention. During epidemic periods of
and ribavirin therapy as prophylaxis of recurrent influenza, transplant populations experience a rela-
HCV after transplantation.[144] Treatment for HCV tively high frequency of infection;[148] although data
recurrence after liver transplantation is even less are sparse and sometimes conflicting, the more
successful and indications for this are controver- prevalent (and prudent) view is that influenza affects
sial;[141,142] studies regarding the utility of post-trans- immunosuppressed SOT recipients more adverse-
plant treatment of HCV are currently in progress. ly[150,151] than immunocompetent individuals. In ad-

dition to morbidity associated with influenza-related
5. Community Respiratory Viruses infectious syndromes, community-acquired respira-

tory viruses (including influenza) have been asso-
Community-acquired respiratory viruses include ciated with allograft rejection, especially bronchi-

respiratory syncytial virus, adenovirus, parainfluen- olitis obliterans after lung transplantation.[149,152]

za virus and influenza virus. Although all of these
Risk factors for severe influenza after SOT areviruses can affect SOT recipients more severely than

age <1 year, onset within 3 months of SOT andimmunocompetent patients, prophylactic medica-
onset during therapy for rejection.[148] Influenza vac-tions are available only for influenza, and we limit
cine is safe and readily available, and thereforethe discussion of these viruses to influenza.
recommended yearly after SOT. Poor antibody res-Influenza is an enveloped, RNA-containing or-
ponse to vaccine has been seen in SOT recipientsthomyxovirus that occurs seasonally and does not
compared with healthy controls;[153] still, most of theexhibit latency. There are three types of influenza
severe cases of influenza reported in SOT recipientsvirus:[145] influenza A is associated with pandemics
have occurred in individuals without prior im-and can cause significant morbidity (and mortality)
munisation.[148]

in all hosts; influenza B causes severe disease main-
Currently two types of anti-influenza medicationly in the elderly; and influenza C causes mild disease

are available for prophylaxis: the M2 matrix proteinand does not occur seasonally. Influenza A and B
inhibitors amantadine and rimantadine, and the new-occur in yearly outbreaks;[146] in temperate climates,
ly released neuraminidase inhibitors oseltamivir andinfluenza occurs almost exclusively in winter
zanamivir. Neither class has been tested extensivelymonths,[147] but it occurs year-round in the trop-
in immunocompromised patients in general nor inics.[145] Transmission occurs person-to-person via
SOT recipients in particular, and interactions withsmall-particle aerosols from the respiratory tract of
transplant medications are not characterised.[148]clinically symptomatic individuals.[145] Influenza in-
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M2 inhibitors are effective only against influenza and of itself, increase the overall state of immuno-
A.[154] Acquisition of resistance to these agents is suppression.
rapid when they are used for treatment of influenza The herpesviruses are a particular problem after
or for prophylaxis in a household contact of a treated SOT for many reasons, including their capacity for
source patient, but the M2 inhibitors have been latency and reactivation, their high seroprevalence
relatively effective when used for prophylaxis to among adult populations, the potentially severe con-
prevent influenza. The M2 inhibitors are indicated sequences of primary infection under immunosup-
for both prophylaxis and treatment of influenza pression, and our general lack of knowledge regard-
A.[151]

ing the mechanisms of pathology for the indirect
The neuraminidase inhibitors are active against effects of these viruses. Regardless of the prophy-

both influenza A and B types.[155] They are better lactic regimens already in use, more information and
tolerated and have less potential for emergence of testing are required in reference to all aspects of
resistance than the M2 inhibitors,[151] but because of viral illness in SOT. The patients at highest risk
the ‘newness’ of these agents, they have not been apparently benefit the least from prophylactic regi-
widely tested and efficacy in immunocompromised mens and these patients are also those at highest risk
patients has not been assessed.[155,156]

for development of antiviral-resistant virus.

Prevention of active viral infection by antiviral
6. Conclusion prophylaxis is successful only if the overall risks of

administration of the antiviral medication are offset
by the overall benefit to the SOT recipient by avoid-Infection and rejection are the main stumbling
ance of the adverse effects caused by the virus. Inblocks faced by all SOT recipients. Immunosuppres-
order to recommend a prophylactic strategy, risksion is necessary for successful allograft function
factors and risk periods for viral illness, indirectbut predisposes SOT recipients to more severe con-
effects of viral replication, and cost-effectiveness ofsequences of exposure to microbial pathogens. Viral
a proposed regimen must be taken into considera-pathogens, in particular, are a problem for this popu-
tion.lation for several reasons. Transplant immunosup-

pressive medications specifically target the cellular CMV is the most important microbial pathogen
arm of the immune system, which is the arm that affecting the SOT population and evidence for bene-
causes allograft rejection but is also responsible for ficial effects of CMV prevention is abundant. De-
most of the effective avoidance of harmful viral spite the lack of studies with definitive, statistically
effects. significant increases in survival and the paucity of

Viral pathogens that are capable of latent and/or studies comparing the pre-emptive therapy approach
chronic infection have the greatest effect on morbid- to prophylaxis, clinicians in most centres consider
ity and mortality after SOT, and it is, therefore, not the trends in the literature sufficient to support the
surprising that herpesviruses cause the majority of use of prophylactic strategies against CMV. These
viral illness in the transplant population. Viral dis- strategies are generally stratified according to
ease that occurs after SOT is usually directly related serostatus, type of organ transplanted and amount of
to the transplant process itself. Adverse conse- additional immunosuppression needed for success-
quences of viral infection generally vary directly ful allograft function. For high-risk, serodiscordant
with intensity of immunosuppression and inversely (CMV D+/R–) transplantation of all organs, a ‘uni-
with the extent of the host immune system’s pre- versal’ prophylactic approach should be used be-
vious experience with the viral pathogen in ques- cause the majority of these patients will experience
tion. Reduction of immunosuppression is, therefore, CMV disease in the absence of prophylaxis. Among
frequently necessary to allow a patient to effectively the high-risk patients, the highest-risk organ recipi-
combat a viral infection. Viral infection can also, in ents (intestine, lung, pancreas) should optimally re-
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ceive combination regimens with long-term (>90 risk stratification would be assessed by similar hier-
archies. The recipients at highest risk for PTLD aredays) ganciclovir or valganciclovir and CMVIg.
those who receive EBV serodiscordant (EBV D+/High-risk heart and liver recipients should receive
R–) transplants, those who receive organs with largelong-term ganciclovir or valganciclovir prophylaxis,
amounts of lymphoid tissue (intestine, lung andwith or without CMVIg, and high-risk kidney recip-
pancreas), and those who receive organs that requireients should receive valaciclovir, ganciclovir or val-
more intense immunosuppressive regimens for suc-ganciclovir for 3 months after transplantation.
cessful function (also intestine, lung and pancreas).Recipients who are at moderate risk by serostatus
Patients who receive ALA for treatment of rejectionbut have received high-risk organs should also re-
are also at higher risk for EBV-related PTLD, andceive long-term antiviral prophylaxis, with or with-
paediatric SOT recipients should be considered atout addition of CMVIg. Previously CMV seroposi-
higher risk than their adult counterparts with respecttive heart, liver and kidney recipients could also
to all predisposing factors.benefit from long-term ganciclovir or valganciclovir

Influenza prophylaxis should be administered toprophylaxis, especially if pre-emptive therapy ap-
SOT recipients, in addition to annual vaccination, inproaches are not feasible because of a lack of patient
circumstances such as influenza epidemics andor laboratory compliance with surveillance, report-
nosocomial outbreaks and after exposure to a symp-ing and rapid treatment of positive results. If patients
tomatic individual during the ‘flu season’.are accessible, and laboratory and ancillary person-

Great strides have been made over a relativelynel are reliable, these moderate-risk recipients could
short period, such that organ transplantation is abe managed with a pre-emptive therapy approach.
viable treatment option for end-stage organ disease,All recipients at risk for CMV disease should also
but the ongoing organ shortage limits this option,receive pre-emptive prophylaxis with intravenous
and infection and rejection continue to be the mainganciclovir during administration of antilymphocyte
causes of morbidity and mortality among these pa-preparations, especially during ALA therapy for re-
tients. More information is certainly required re-jection.
garding the pathogenicity of EBV and surrogate

Clinical manifestations of HSV occur in pre- markers of progression to PTLD, and clinical trials
viously HSV-infected SOT recipients, most com- are warranted for utility of prophylactic and pre-
monly during the first month or two after transplan- emptive strategies for prevention.
tation, and are likely to be more frequent and severe
than those in the immunocompetent host. All CMV Acknowledgements
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