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recipients management relative to the mortality

and morbidity and, on the other hand, to the avail-

ability of effective antiviral agents as well as new

diagnostic techniques and the prophylaxis, diag-

nosis, and treatment of CMV infections.

In lung transplant recipients management is

evolving with experience and we are living the

sunrise of a new personalized or tailored manage-

ment era matching, almost in real time, infection,

diagnosis, immunity status and therapy.

KEY WORDS: CMV infection, lung transplant, acute

rejection, chronic rejection, hyperimmune globulins.

Introduction

Cytomegalovirus (CMV), a member of the beta herpes

virus group, causes a spectrum of disorders, which in-

cludes serious illness in organ transplant recipients

(1- 4). Its presence in biological specimens and its

role in co-infections and rejection is far to be fully de-

fined. 

It is the second most common infection among lung

transplant recipients, after bacterial pneumonia (5, 6),

and is associated with significant morbidity and mor-

tality after transplantation.

Although the availability of effective antiviral drugs has

decreased CMV-related mortality, the attention in last

years has been addressed to its immunobiological

role: in fact CMV infections or pneumonia have been

associated to chronic rejection (bronchiolitis obliter-

ans syndrome, BOS) in some, but not all, studies (7,

8).

The endothelium represents the anatomical and func-

tional interface between engrafted donor tissue and

the host immune system and interacts dynamically in

immunomodulation. This implies an important role for

the endothelial cell (EC) in

the initiation, maintenance

and/or termination of im-

mune interactions affect-

ing the fate of allograft (9).

CMV does not directly in-

duce HLA class II on in-

fected human EC, but the

rejection associated class

II induction within the allo-

graft might be a conse-

quence of IFN-gamma re-

lease by activated T CD4+

cells in response to CMV

infection (10).
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Summary

Human cytomegalovirus (HCMV) is a member of

the Betaherpesvirinae subfamily (Herpesviridae

family), that, following primary infection, is able to

establish latency in host tissues and may reacti-

vate in conditions of immunosuppression.

In solid organ transplant recipients, the incidence

of CMV infection and disease varies according to

the transplanted organ and is particularly high in

lung transplantation (LT), reaching 40-50% inci-

dence. 

Lung is a CMV latency site and in LT, viral reacti-

vation has been associated with direct (i.e. organ

and systemic infection/disease) and indirect ef-

fects (including acute rejection and chronic allo-

graft dysfunction).

The clinical importance of CMV has grown in par-

allel with the increasing number of solid organ

transplant recipients. Symptoms related to CMV

disease and the prevention of CMV infection show

variation among different patient populations, de-

pending on the type of transplant and the intensi-

ty of immunosuppression.

Treatment and prevention of CMV infection have

assumed increasing importance in lung transplant
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The rejection process can be hypothesized in three

steps: 1) T cell activation by CMV-infected vascular

endothelial cells, 2) cytokine production by activated T

cells, 3) cytokine mediated enhancement of graft en-

dothelial alloimmunogenicity (10-12).

Consequently the aim of CMV and other herpes virus

management is mainly the reduction of infection and

mortality CMV related but a great deal of studies have

demonstrated a possible role of CMV on rejection. In

particular CMV has been associated with allograft re-

jection in heart transplant and transplantation-associ-

ated arteriosclerosis (13) TNF-a mediated (14). 

Moreover CMV pneumonia was identified to be the

stronger independent predictive factor for the later de-

velopment of chronic rejection in lung transplant (15).

Several groups have intended to find the optimal pre-

ventive strategy to avoid CMV infection after lung

transplantation showing that prolonged valganciclovir

prophylaxis (at least 180 days) following combined

prophylaxis together with ganciclovir and CMV-im-

mune globulin (CMV-IG) is safe and effective (16).

Moreover a beneficial effect of combined prophylaxis

in cardiothoracic transplantation (heart, heart-lung

and lung transplantation) has been demonstrated us-

ing an extensive therapeutic regimen of CMV-IG for at

least 3 and 4 post transplant months (17, 18) and

CMV-IG in addition to ganciclovir within the first post-

operative month is highly effective in reducing CMV in-

fection, in preventing CMV-related mortality in high

risk lung transplant recipients and on the development

of BOS.

CMV-IG has been used in transplantation for more

than a decade. However, this substance has never

been evaluated by a prospective randomized clinical

trial in lung transplant recipients. Most immunosup-

pressive and anti-infective drugs have only been

proven for safety and efficacy in kidney or liver trans-

plant recipients. Therefore, no clear recommendations

concerning prophylactic regimen and dosage in car-

diothoracic transplantation are available from the

companies distributing CMV-IG (19, 20).

In the following pages we’ll try to review the role CMV

on lung transplantation and the possible best ap-

proach to its management.

Epidemiology

Primary CMV infection is acquired through close inter-

personal or sexual contact, or through direct inocula-

tion with infected cells or body fluids. Following pri-

mary infection, latent CMV infection usually persists

for life. Population studies document a gradual in-

crease in CMV seropositivity

through young adulthood.

Although there is consider-

able variability, more than

one-half of adults in the

United States have serolog-

ic evidence of previous in-

fection.

CMV infection following

CMV management in lung transplant recipients
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transplantation can be acquired in one of several

ways:

1) by transmission with the donor organ from a CMV-

seropositive donor

2) by transfusion of blood products from a seroposi-

tive blood donor

3) by reactivation of latent infection in a seropositive

recipient. 

CMV infection and CMV disease are not synonymous

terms, and all patients with infection do not necessar-

ily develop overt clinical disease (1, 2, 3, 6).

“Infection” is characterized by active replication and

shedding of CMV, usually defined by a positive culture

from blood, bronchoalveolar lavage fluid (BAL), urine,

or other tissues, seroconversion, or a fourfold in-

crease in pre-existing anti-CMV IgG titer. Tests using

quantitative real-time PCR techniques to detect CMV

DNA have been increasingly used to establish the

presence of infection. The results of these tests are

usually expressed as copies of DNA per mL of blood

or other fluid. The number of DNA copies per mL of

blood that is considered clinically significant varies on

the basis of the assay and with local experience. 

“Disease” is defined by the presence of typical CMV

inclusions within cell preparations or tissue. Symp-

toms and other clinical findings are usually present,

but are not required to establish the diagnosis of CMV

disease. 

Serologic status and risk

The overall likelihood of de-

veloping CMV illness (infec-

tion or disease) in lung

transplant recipients is ap-

proximately 50%. The risk

has been dependent upon

the serologic status of the

donor and the recipient, and is also influenced by the

immunosuppressive regimen (21).

However, because of the use of CMV prophylaxis,

serologic status has become less important.

The risk of CMV infection is lowest among seronega-

tive recipients who have been matched with seroneg-

ative donors (D-R-). When blood products from CMV-

negative blood donors are used exclusively, the fre-

quency of CMV illness is approximately 15 percent in

this group (22).

Approximately 80% of patients who acquire a primary

infection progress to clinical disease, because of the

absence of intrinsic immunity to CMV. 

Infection is more common, up to 71%, in donor-posi-

tive recipient-negative (D+R-) transplant patients. Dis-

ease occurs in almost 85% of patients with infection

because, as in the preceding setting, the recipients

lack intrinsic immunity to CMV. The case fatality rate

in this setting has been as high as 22%, but the wide-

spread use of prophylaxis in this high-risk group has

substantially reduced mortality. In a single centre se-

ries, for example, the survival rates for CMV mis-

matched recipients were similar to those for recipients
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with other donor-recipient serologic combinations (23). 

Infection occurs in approximately 58 and 69% of recip-

ient-positive, donor-negative (D-R+) and recipient-

positive, donor positive (D+R+) transplants, respec-

tively. The risk is higher in the latter group because re-

activation as well as superinfection with a new virus

strain can occur. Progression from CMV infection to

disease is less common in these recipients who have

immunity to CMV, occurring in 1/4 to 1/3 of cases. 

The widespread use of various prophylactic and pre-

emptive strategies has modified both the risk and the

profile of CMV infection after lung transplantation.

Some studies have even suggested that donor-recipi-

ent CMV antibody status does not affect the incidence

of BOS, and that CMV mismatch (donor seropositive,

recipient seronegative) is not associated with excess

mortality (24).

Clinical features

Pneumonia is the most common presentation of CMV

disease following lung transplantation, although hepa-

titis, gastroenteritis, or colitis can also occur. Pneumo-

nia poses a diagnostic

dilemma, because clinical

features can be easily con-

fused with acute rejection.

Both groups of patients

may present with low-

grade fever, shortness of

breath, non-productive

cough, and changes in

measured pulmonary func-

tion. The chest X-ray and CT

scan may show hilar infiltrates, interstitial edema, fo-

cal consolidation, or pleural effusion (Figure 1). The

timing of disease in relation to transplantation may

provide clues to its etiology. Cytomegalovirus infection

is rarely detected before the second week after trans-

plantation, and the mean times to the first detection of

viremia and to the initial episode of CMV pneumonia

are approximately 40 and 55 days, respectively (25). 

In comparison, acute rejection has a variable time

course, but it may occur in the early post-transplant

setting when CMV infection would not be expected.

Less frequently, CMV infection can be seen in endo-

bronchial polyps. In a retrospective study of 76 endo-

bronchial biopsies performed on lung transplant recip-

ients, three patients were identified with endo-

bronchial CMV infection in polyps (26). 

Diagnosis

Detecting techniques for CMV have improved dramat-

ically over the past decade. However, interpretation of

results may be problematic because of the broad

spectrum of clinical disease

the virus associated, rang-

ing from asymptomatic viral

shedding to fulminant in-

fection. The implications of

a positive CMV study de-

pend largely upon the clini-

cal context and the source

of the specimen (27). 

Several diagnostic modalities are available. These in-

clude serology, culture, polymerase chain reaction,

and fiberoptic bronchoscopy.

Serology -  Serologic studies of donor and recipient

are performed at or before the time of transplantation

in order to ascertain the need for postoperative pro-

phylaxis. Following transplantation, a fourfold (4x) in-

crease in CMV-IgG titer or a positive CMV-IgM titer

may be used to confirm recent infection. However, in

almost all centres the use of serology to diagnose ac-

tive CMV infection or disease has been supplanted by

other rapid viral detection and now is no more consid-

ered as a first choice diagnosis technique.

P. Solidoro et al.
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Isolation of CMV
from culture of
blood, BAL fluid, or
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diagnose active in-
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Figure 1 - Typical Chest X-ray and CT scan of a CMV pneumonitis.
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Culture -  Isolation of CMV

from culture of blood, BAL

fluid, or urine is one of the

preferred methods to diag-

nose active infection. The

conventional tube culture,

which can take weeks, has

largely been replaced by

the rapid shell-vial culture

technique, which can be

processed in 24 to 48 hours. Differently from conven-

tional culture, the shell-vial technique does not de-

pend upon the development of a cytopathic effect in

tissue culture. Instead, a fluorescence tagged mono-

clonal antibody is used to detect a CMV antigen ex-

pressed early in viral replication. Among the different

techniques, rapid virus isolation by the shell vial

method, provides quantitative results highly related to

actual viral replication and gives information on antivi-

ral therapy effectiveness however (28), it was found to

lack sufficient sensitivity to reliably guide pre-emptive

therapy (29).

Similar antibody tests for rapid detection of CMV anti-

gens in infected cells (antigen assays) can be applied

to BAL fluid or blood (30).

The antigenemia assay - The test has been widely

used and is adopted in many centres for diagnosis of

HCMV infection and guidance of pre-emptive therapy.

Although the assay was

shown to be suitable for

standardization (31), inter-

pretation of test results re-

mains subjective and the

assay is not automatable,

in view of the need to

manage an increasingly

high number of samples

per day. In addition, due to

the biological properties of

pp65 (which is synthesized

in excess in infected endothelial cells and passively

transferred to blood leukocytes) (32), antigenemia

quantification does not directly correlate with actual vi-

ral replication, providing in particular cases misleading

information (33, 34). 

Viral DNA quantification

These limitations could be overcome by introduction

of molecular assays, among which viral DNA quantifi-

cation by real-time PCR has proven to give highly re-

liable results, since it directly correlates with clinical

symptoms and viral replication (35). 

Polymerase chain reaction (PCR) techniques and hy-

brid capture assays can detect and quantify very small

amounts of CMV DNA in clinical specimens. The clin-

ical role of these approaches is rapidly evolving (36,

37). 

Viral DNA can be quantified in different blood compart-

ments (leukocytes, plasma, or whole blood), but sev-

eral studies have shown that whole blood is the spec-

imen of choice for CMV DNAemia quantification, since

it allows determination of both cell-free and cell-asso-

ciated virus (38-41).

Virological monitoring should be performed by CMV

DNAemia quantification on whole blood weekly during

the first three months after transplantation (or at least

during the first 2 months, then every 2 weeks in the

third month). When active CMV infection is diagnosed

(i.e. positive DNAemia) more frequent monitoring (2

tests/week) should be performed. This monitoring

schedule has been shown in perspective studies (42-

45) to timely detect patients at risk of developing CMV

infection, thus allowing the initiation of antiviral inter-

vention. Beyond three months after transplantation, in

order to avoid onset of late CMV disease, monitoring

should be performed: i) monthly (or at least in con-

comitance with routine medical visits; ii) in case of an

increase in the immunosuppressive regimen due to

rejection; and iii) on the basis of any clinical indication

suggesting the presence of CMV infection/disease. In

case of an active CMV infection, weekly or biweekly

monitoring should be reinstated.

When organ localization is suspected, organ biopsy or

local secretions should be examined, either in the

presence or absence of CMV or CMV products in pe-

ripheral blood. In lung transplant recipients, CMV-DNA

monitoring in BAL in concomitance with routine bron-

choscopy procedures for rejection surveillance is sug-

gested (46, 47).

Fiberoptic bronchoscopy - Fiberoptic bronchoscopy

with transbronchial lung biopsy is a safe, reliable diag-

nostic approach with a good sensitivity, and is the pre-

ferred method for the diagnosis of CMV pneumonia

(48-50). Occasionally, the histologic features of infec-

tion and rejection overlap, but usually the two condi-

tions can be distinguished (51-54). Although the defin-

itive diagnosis of CMV pneumonia requires the

demonstration of pathognomonic cells in a lung biop-

sy (Figure 2), bronchial washing, or BAL fluid, a pre-

sumptive diagnosis can be made upon the basis of a

positive culture and a compatible clinical picture, pro-

vided that other causes have been excluded.

Immunological monitoring

It is widely accepted that control of CMV infection is

conferred by reconstitution (or development) of the

HCMV-specific cell-mediated immune response (55-

58). 

The severity of CMV infection and the extent of organ

involvement inversely correlates with the development

or restoration of an efficient CD4+ and CD8+ T-cell im-

mune response, while the absence of T-cell immunity

is consistently associated with recurrent episodes of

reactivated CMV infection. Several, yet not standard-

ised, techniques are utilized to monitor CMV-specific

CD4+ and CD8+ T-cell immune responses (59-61).

Specific cellular immune response plays a crucial role

in containing viral replication, thus potentially repre-

senting a determinant factor in the outcome of Lung

Transplant (LT) and a useful tool for the clinical deci-

CMV management in lung transplant recipients
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sion-making process (62-64) Temporal profile of infec-

tion too appears related to HCMV-responder status of

the patient, with a shorter time to onset of infection

and a longer duration of infection in non responders

(65); moreover the lack of a specific cellular immune

response could lead to the onset of organ disease,

and potentially to death, as evidenced in patients who

developed CMV pneumonia and died, in contrast to

the favourable resolution of infectious episode in re-

sponder patients. A valid cellular response may con-

tain viral replication at non pathologic levels, as evi-

denced by the significantly different viral loads be-

tween responders and non responders on BAL. These

data seem to confirm in LT population other studies in-

vestigating CMV-specific cellular response in LT,

where specific T-cell levels were significantly lower

among LT compared with control subjects and corre-

lated with the frequency of infectious episodes (66).

This could be accomplished by evaluating the need to

administer antiviral agents in relation to the responder

status, as well as could represent the basis for the de-

velopment of studies on the use of adoptive im-

munotherapy with generated CMV T cells.

Early recovery of immune response following trans-

plantation and immunosuppressive therapy seems to

be able to prevent and reduce the duration of infec-

tion, thus avoiding the onset of overt disease or recur-

rence, while a delayed/reduced response should rep-

resent the pathogenic basis for recurrent infections

that may become symptomatic in the absence of treat-

ment (67, 68). 

Simultaneous immunological and virologic follow-up of

individual patients may improve management of CMV

infections in transplanted patients, thereby avoiding

strict virological monitoring/treatment of patients with

apparently efficient T-cell immunity. 

In conclusion evaluation of CMV-specific cellular im-

mune responses (viroimmunologic monitoring) associ-

ated to similar evaluations on EBV  and other herpes

viruses (69) may complement virologic monitoring,

helping to identify LT recipients at high risk of develop-

ing organ infection or disease.

Prevention of clinical disease

Because of CMV related morbility and mortality and

potential risk factor for chronic rejection, there is in-

tense interest in infection and disease prevention (70). 

CMV management after transplantation is based on 2

different strategies: antiviral prophylaxis, consisting in

therapy irrespective of clinical and specimens’ status,

and pre-emptive therapy, consisting of the administra-

tion of antiviral agents after reaching a predetermined

cut-off (71) in CMV polymerase chain reaction (PCR)

copies on whole blood, but before the development of

clinical symptoms. In lung transplant (LT) recipients,

the practice of surveillance bronchoscopies with trans-

bronchial biopsy (TBB) and bronchoalveolar lavage

(BAL) allows for subclinical evaluation of rejection and

organ infections. However, it is performed only in

some centres, while others adopt a clinical suspect-

based surveillance strategy. Recent studies have evi-

denced that both prophylaxis protocols and pre-emp-

tive therapy can attenuate this risk (72). Both types of

management have advantages and side effects. In

fact prophylaxis allows the clinicians to reduce the im-

munobiologic controls but it prevents a physiological

immune response. Other disadvantages are mainly

related with costs and kidney and bone marrow side

effects. Conversely, pre-emptive therapy needs strict

control of CMV reactivation without a univocal agree-

ment about monitoring specimens and cut-off.

Prophylactic therapy - Although most centers use a

prophylactic protocol, there is no consensus on the

most effective approach. The

options include (73):

A) Antiviral therapy (either

alone or in combination with

immune globulins) is the

most widely used prophy-

lactic approach. Ganciclovir

and valganciclovir are the

drugs of choice for pharma-

co-prophylaxis of CMV. Al-

though a short course of low

dose intravenous ganciclovir during the first three

postoperative weeks failed to prevent CMV illness in a

small group of recipient-negative, donor-positive

transplants (74), longer courses reduced the occur-

rence of CMV illness in all donor-recipient serologic

combinations at risk (75, 76). 

In one study, for example, CMV-related respiratory

failure occurred in 9 of 22 patients without prophylax-

is compared to none of 27 patients who received gan-

ciclovir prophylaxis.

Ganciclovir inhibits viral replication but does not erad-

icate latent infection. Thus, ganciclovir prophylaxis is

effective while it is being administered but does not

confer long-term protection (77). However, the delay

in onset of CMV infection that it produces is advanta-

geous, because the disease is less frequent and less

difficult to manage after the recipient has recuperated

from surgery, the effects of cytolytic induction have

waned, maintenance immunosuppression is less in-

P. Solidoro et al.
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Recent Guidelines in
CMV management of
Solid Organ Trans-
plantations recom-
mend a minimum of
6 months prophyla-
xis for patients with
chronic rejection.

Figure 2 - Lung biopsy in a CMV pneumonitis. Arrows show

the typical CMV cells.
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tense, and the highest-risk period for acute rejection

has passed.

Many issues remain unresolved regarding ganciclovir

prophylaxis. The optimal dose, route, and duration of

therapy have not been determined. Experience with

prophylactic oral ganciclovir is limited because oral

availability is very low. Nevertheless, some benefit

has been suggested in CMV mismatched recipients

when used after an initial period of intravenous ganci-

clovir.

In addition, antiviral prophylaxis does not completely

prevent the occurrence of CMV infection and disease,

which can affect patients after prophylaxis cessation,

and its potential interfering role with a delay in HCMV-

specific T-cell reconstitution is still debated (78).

Valganciclovir, a ganciclovir prodrug with excellent

oral bioavailability, is also being integrated into the

management of CMV infection after lung transplanta-

tion (79). It may be useful in prophylaxis and preemp-

tive treatment (4).

Acyclovir is generally considered ineffective for the

prevention of CMV illness after lung transplantation

(80, 81). 

This was demonstrated in a study of 21 seronegative

recipients of seropositive solid organs who received

acyclovir with or without intravenous immune globulin

found that all developed CMV infection, and 15 devel-

oped CMV disease.

Recent Guidelines in CMV management of Solid Or-

gan Transplantations (82) suggest at least that R+

lung transplant recipients, a minimum of 6 months pro-

phylaxis recommended (strong, moderate). Serosta-

tus at the time of transplantation may help to guide the

duration of prophylaxis; after 6 months of prophylaxis

after lung transplantation, 34% of D+/R+ and only 6%

of D-/R+ developed infection or disease (83). Although

D+/R+ patients are discussed here together with the

D-/R+ group, the former group is typically at higher

risk for developing CMV disease (84). 

B) Passive immunoprophylaxis: prophylaxis with

CMV hyperimmune globulin or with polyvalent unse-

lected immunoglobulin appears to be beneficial follow-

ing kidney and liver transplantation and is used at

some lung transplant centers (20, 85, 86). 

A retrospective study compared prophylaxis with gan-

ciclovir plus CMV immune globulins in a contemporary

group of lung and heart-lung recipients with prophy-

laxis with ganciclovir alone in a group of historical con-

trols at the same center (87).

In this analysis, freedom from CMV disease, freedom

from obliterative bronchiolitis, and survival were signif-

icantly greater in the first three years after transplan-

tation in the group that received the combination of

CMV immune globulin and ganciclovir. Adequately

powered, randomized trials measuring the additive

benefit of CMV immune globulin in the lung transplant

population have not yet been performed.

The role of combined CMV prophylaxis on herpes

virus infections, acute rejection and lymphocytic bron-

chitis/bronchiolitis has been investigated in the first

year following lung transplantation in 46 patients (20).

In the study group (combined prophylaxis) the number

of episodes of A2 (mild) and

A3 (moderate) acute rejec-

tions (AR), needing pulse

steroids therapy and  Lym-

phocytic Bronchitis (LB), a

risk factor for chronic rejec-

tion, were significantly low-

er than in the control group:

6% (5/73) vs 17% (19/107),

p=0.04 and 2% (2/73) vs

11% (12/107), p=0.04, re-

spectively. On the other hand

no difference was found on Obliterans Bronchiolitis

(OB) (5%, 4/73 vs 5% 5/105, p=0.53, n.s.). A logistic

regression analysis was performed using the pres-

ence/absence of AR as dependent variable and com-

bined CMV prophylaxis, LB, OB, CMV pneumonia as

independent variables. The result was a strong signif-

icant relationship between combined CMV prophylax-

is and reduction in prevalence of AR (OR 3.25, CI

1.12-9.40, p0.03) (20).

Intravenous immunoglobulins (IVIg) have anti-inflam-

matory properties and are commonly used for the

treatment of autoimmune and systemic inflammatory

diseases (88, 89). IVIg preparations enriched in neu-

tralizing anti-viral antibodies (hyperimmunoglobulins)

are used for prevention of viral infections. It has been

shown that hyperimmunoglobulins enriched in neutral-

izing antibodies against CMV or HBV also exert im-

munomodulatory activity in addition to their virus-neu-

tralizing activity; in particular Cytotect® suppress allo-

geneic T-cell activation (90, 91).

Recent studies suggest that IVIg have no direct effect

on T cells, but rather modulate the activity of antigen-

presenting cells (APCs). IVIg can interfere with anti-

gen uptake and presentation of antigenic peptides in

MHC-molecules (92-94). 

The effect on CMV pneumonia has been studied in a

similar consecutive series of 57 lung transplant recip-

ients analysed in the first two years post-transplant

(95). In first year TBB (months 1,3,6,9,12) the percent-

age of CMV pneumonia in study group was lower, 3%

(4/132) vs 6.8% (7/102), p = 0.17 ns, as in first two

years TBB (months 1,3,6,9,12,18,24), 2.5% (4/155) vs

6.7 (10/148), p = 0.08 ns but the percentage of pneu-

monia at first month TBB was similar in study group vs

control group, 9.1% (3/33) vs 8.3% (2/24), p = 0.9 ns.

As in study group CMV pneumonia were seen mainly

in first month TBB it was analyzed the percentages af-

ter the first month: these were significantly lower in

study group in first year TBB (months 3,6,9,12), 1%

(1/99) vs 6.4% (5/78), p = 0.048, and in first two years

TBB (months 3,6,9,12,18,24), 0.8% (1/122) vs 6.5%

(8/124), p = 0.018. These data indicated that CMV-IG

in addiction to a short ganciclovir or valganciclovir

therapy in the first two postoperative years after lung

transplantation were effective in reducing CMV pneu-

monia with a protective effect from third month TBB for

two years but we did not find efficacy in first month fol-

low-up TBB. The effect seems to last for at least 12

months after the first year combined prophylaxis sug-

gesting some “long lasting” protective effect in second

CMV management in lung transplant recipients

Shortness of Breath 2014; 3 (3): 114-125 119

It has been shown
that hyperimmuno-
globulins enriched in
neutralizing antibo-
dies against CMV or
HBV also exert im-
munomodulatory ac-
tivity in addition to
their virus-neutrali-
zing activity.

05 Solidoro_-  27/10/14  17:48  Pagina 119

© C
IC

 E
diz

ion
i In

ter
na

zio
na

li



year on CMV pneumonia. It is not clear if this effect is

either just direct, mainly IG mediated, as can be sup-

posed by the efficacy in 3,6,9,12 months TBB when

CMV-IG were the only administered prophylaxis or, at

least in part, indirect related to a reduction of the num-

ber of AR and LB, as already demonstrated (20).

C) Vaccination -  The live attenuated CMV Towne

strain vaccine has not been tested in lung transplanta-

tion. Immunization of seronegative patients prior to re-

nal transplantation with seropositive organs did not

decrease the overall incidence of CMV infection or

disease (96).

However, severe cases of CMV disease were less

common among vaccinated versus placebo-treated

patients.

Preemptive therapy -  The preemptive approach is

predicated upon a convenient, reliable surveillance

test that identifies infection prior to the emergence of

disease (97). 

The most widely used screening tests for this purpose

are the rapid detection methods for CMV viremia and

antigenemia. Positive findings usually precede overt

clinical findings, and therapy given at this point can po-

tentially abort the development of CMV disease (98).

Preemptive antiviral therapy has some potential ad-

vantages over universal prophylaxis. Because only re-

cipients with infection receive preemptive therapy,

fewer patients are treated for a shorter duration. A pre-

emptive strategy is probably as effective as universal

prophylaxis after lung transplantation (99), and the net

decrease in drug usage and exposure could decrease

costs, drug-related toxicity, catheter-related complica-

tions, and the evolution of drug-resistant strains of

CMV.

Treatment of active disease -  Ganciclovir and val-

ganciclovir, drugs of choice for the treatment of active

CMV disease, have dramatically reduced the associ-

ated mortality. Most episodes of CMV infection or dis-

ease respond to a two to

three-week course of intra-

venous therapy (100), but

recurrence is common.

Three to six weeks of gan-

ciclovir maintenance thera-

py may reduce recurrence

after treatment.

In recipients who fail to im-

prove or have frequent re-

lapses, there are several

important considerations:

viral resistance to ganci-

clovir should be considered, and susceptibility testing

can be performed (101, 102). The efficacy of antiviral

treatment can be potentiated by reducing the intensity

of immunosuppression. However, this approach may

increase the risk of rejection. Treatment with ganci-

clovir may be augmented by the addition of CMV-spe-

cific or polyvalent immune globulin, although only lim-

ited data support the efficacy of this approach after

lung transplantation (103). 

Foscarnet is effective against CMV, and is the best al-

ternative for ganciclovir treatment failures. Unfortu-

nately, nephrotoxicity in common when foscarnet is

given in combination with cyclosporine or tacrolimus

(104). 

Different immunosuppres-

sive regimens may play a

role on CMV status and

management. Everolimus

is an m-TOR inhibitors with

a potent anti-proliferation

effect. Its high immunosup-

pressive activity is particular-

ly useful in all cases in which a reduced calcineurin-in-

hibitors regimen is indicated  (105). Its use is also as-

sociated with a low incidence of CMV infection in oth-

er solid organ transplantation (106). Also in lung trans-

plant (107)  20 LT recipients were studied: in the non-

everolimus group, CMV-DNA was found in 43.2%

BAL, 11.4% TBB and 11.4% whole blood. No samples

in the everolimus group were positive (P < .05 despite

the low number of cases).

Personalized CMV management

Is it time to propose a personalized CMV management

in lung transplant? Most recent studies propose a tai-

lored CMV management (107) and an example could

be the following applied in our centre:   

1. CMV prophylaxis with CMV IG monthly for at least

the first post-transplant year and ganciclovir/val-

ganciclovir for 3 weeks from postoperative day 15. 

2. Monitoring at months 1, 3, 6, 9, 12, 18, 24 of TBB,

bronchial biopsies, BAL (shell-vial and PCR),

elispot on whole blood

a. In case of TBB positivity for CMV or any BAL

specimen positivity associated with pneumonia

signs and symptoms: antiviral therapy.

b. Pre-emptive therapy in case of specimen pos-

itivity (shell vial and PCR on BAL), without

signs and symptoms, for non responders.

c. Closer clinical and CMV PCR on whole blood

monitoring in case of specimen BAL positivity

without signs and symptoms for responders.

3. Long-term antiviral therapy or change in immuno-

suppressive regimen based on proliferating sig-

nals inhibitors for frequent specimen positivity in

late non responders.

This approach aims to reduce the CMV disease, and

in particular CMV pneumonia, monitoring the CMV Im-

mune Response saving the need to develop a host

CMV immunity and reducing the need of antiviral ther-

apy and drug side effects.

Conclusions

Diagnosis and management of CMV infection seems

to be pivotal in lung transplantation because of its role

in pneumonia and related mortality. Moreover studies

are needed to better define the immunological CMV-

P. Solidoro et al.
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related mechanisms and their relationship with acute

and chronic rejections; the goal is the correct defini-

tion of  the best cost saving strategy to prevent CMV

infections and reduce drug related side effects and the

confirmation of tailored or personalized management

efficacy.
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