
International Journal of

Transplantation Research and Medicine
Original Article: Open Access

C l i n M e d
International Library

Citation: Borro JM, Delgado M, Rey T, Rama P (2015) Impact of Donor Cytomegalovirus 
Serology and duration of Prophylaxis on Follow-Up Strategy in Lung Transplant 
Recipients. Int J Transplant Res Med 1:007
Received: May 25, 2015: Accepted: July 02, 2015: Published: July 04, 2015
Copyright: © 2015 Borro JM. This is an open-access article distributed under the terms 
of the Creative Commons Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original author and source are credited.

Borro et al. Int J Transplant Res Med 2015, 1:2

Impact of Donor Cytomegalovirus Serology and duration of Prophylaxis 
on Follow-Up Strategy in Lung Transplant Recipients
José M. Borro1*, María Delgado1, Teresa Rey2 and Pablo Rama2

1Thoracic Surgery Department, Hospital Universitario de A Coruña, Spain
2Anesthesia and Reanimation Department, Hospital Universitario de A Coruña, Spain

*Corresponding author: José M. Borro, Hospital Universitario de A Coruña, A Coruña, Spain, Tel: (+34) 981178187, 
E-mail: Jose.MA.Borro.Mate@sergas.es

Introduction
Cytomegalovirus (CMV) infection is the most prevalent 

opportunistic infection after lung transplantation. It is reported in 
between 20% and 50% of cases after discontinuation of prophylaxis, 
depending on the series [1]. CMV usually remains dormant in the 
lymphatic system, and its reactivation, due to immunosuppressive 
therapy, may have considerable adverse consequences in the 
immunocompromised host [2]. Its many and varied effects include 
inflammation, increased morbidity, and decreased graft and patient 
survival.

Most viral reactivation occurs during the first year after 
transplant surgery. Effects on survival are twofold: direct effects, 
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caused by the development of invasive disease; and indirect effects, 
due to overgrowth of other opportunistic infections, malignancy or 
development of bronchiolitis obliterans [3]. Established scientific 
evidence indicates that prophylaxis during periods of high-dose 
immunosuppressive therapy is beneficial in the first months after 
transplantation, as well as during acute rejection episodes. Without 
prophylactic treatment, the incidence of infection is very high and 
the risk of disease increases in the first months after surgery [4]. 
Recent studies provide some reliable data providing guidance for 
both general long-term prophylaxis and more tailored strategies 
based on pre-emptive therapy. A randomized placebo-controlled 
multicenter trial showed that 12 continuous months of valganciclovir 
substantially reduced CMV rates during the first 18 months after 
lung transplant (CMV occurred in 4% of patients), as compared to 
3 months of valganciclovir (CMV occurred in 32% of patients), the 
standard of care at the start of the trial [5]. The authors concluded 
that extended prophylaxis reduced CMV infection, disease, and 
disease severity without increased ganciclovir resistance or toxicity. 
Finlen Copeland et al. also showed a sustained benefit with twelve 
months of valganciclovir, as compared to 3, over the course of 3.9 
years of follow-up in a single-center study [6]. However, there is 
still no consensus on the protocol to be followed or the duration 
of treatment [7], and some authors advocate shorter treatments (3 
months) followed by a pre-emptive strategy to protect against CMV 
infections, prevent resistance and avoid valganciclovir toxicity. 
Some studies and meta-analyses focused on solid-organ transplant 
recipients found no differences in efficacy between these two 
approaches [8,9], while adverse effects such as leukopenia have been 
reported in patients on prophylaxis [10]. For these reasons, the 2011 
consensus document of the Spanish Transplantation Infection Study 
Group (GESITRA) of the Spanish Society of Infectious Diseases 
and Clinical Microbiology (SEIMC) recommends short courses of 
prophylactic treatment, followed by pre-emptive therapy [11]. This 
approach has been the standard of care in our group since 2003.

Our goal in this study was to establish the effects of a 3-month 
course of valganciclovir prophylaxis followed by pre-emptive 
therapy on the CMV infection rate in our series, and to determine 
the number of recurrences, and patient and graft survival, taking into 
account patient/donor serologies. Another aim was to describe the 
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side effects associated with treatment and the emergence of resistance 
reported in our center.

Patients and Methods
Patients

The protocol was approved by the Research Ethics Committee 
of Hospital Universitario de A Coruña. A retrospective study was 
conducted of patients undergoing lung transplantation between 2003 
and 2010 in Hospital Universitario de A Coruña, who received oral 
valganciclovir for CMV prophylaxis. Patients who died during the 
first 3 months after transplantation were excluded.

Definitions

Our cases were defined in accordance with the GESITRA-
SEIMC consensus document [12]. Thus, “active infection” (CMV 
infection) was considered when the viral genome, viral proteins or 
total virus was detected in any tissue or body fluid. Infection was 
“primary” when virus was detected in a previously seronegative 
patient. “Recurrent infection” was the renewed detection of CMV at 
least 4 weeks after the infection had been controlled, due to either 
reactivation of the same endogenous latent strain or reinfection with 
a new CMV strain. “CMV disease” was considered when the infected 
patient presented symptoms or signs of viral syndrome or organ 
involvement. The term “viremia” was reserved for isolation of the 
virus in blood cultures, and “antigenemia” was determined when the 
viral antigen pp65 was directly detected in leukocytes. Finally, “viral 
syndrome” was characterized by fever (≥ 38  °C) of at least 2 days’ 
duration within a 4-day period, with neutropenia, thrombocytopenia, 
elevated transaminases and CMV detection.

General care protocol for lung transplant recipients

The patients were selected for inclusion in the transplantation 
waiting list according to the International Society for Heart and Lung 
Transplantation criteria [13]. According to this protocol, patients 
perform physical and respiratory exercises during the waiting period. 
In addition, candidates for single-lung transplantation receive 
antifungal prophylaxis with weekly amphotericin B lipid complex 
via aerosol. Subjects with a history of repeated infections also receive 
tobramycin before surgery [14].

The surgical technique used by our group has not undergone 
substantial changes since the beginning of our program in 1999, and 
is similar to the procedure  recently described by the Toronto group 
[15]. Triple therapy immunosuppressive treatment was administered, 
including basiliximab for induction, oral or intravenous cyclosporine 
for maintenance initiation, and azathioprine and decreasing doses of 

corticosteroids in all cases. Cyclosporine and/or azathioprine were 
switched to tacrolimus and/or mycophenolate after repeated acute 
rejection or persistent rejection [14,16], and trimethoprim with 
sulfamethoxazole was given on alternate days for 9 months to prevent 
Pneumocystis carinii infection [17,18].

Episodes of acute rejection (ISHLT grade ≥  A2) were treated 
with 1gr prednisone boluses for 3 days combined with increased 
immunosuppressive treatment if necessary and the appropriate 
prophylactic therapy was resumed if it had been previously suspended.

Post-transplant prophylaxis for CMV was ganciclovir (10mg/kg/
day, IV) during the first 15 days after surgery for all patients, followed 
by oral administration of valganciclovir 900 mg/day in a single dose. 
We never use anti-CMV immunoglobulin as prophylaxis in these 
patients. The treatment regimen was adjusted between month 3 and 
6 of the treatment period, according to risk group. CMV viremia was 
detected by shell vial assay (between 2003 and June 2007) or whole-
blood quantitative polymerase chain reaction (PCR, 2007-2009). 
CMV detection was routinely performed during oral prophylaxis 
with valganciclovir, on a weekly basis during the 2-3 months after 
surgery and at all scheduled follow-up visits thereafter. CMV testing 
was also performed if infection was suspected, regardless of donor/
receptor (D/R) serology. PCR was considered positive when >700 
copies/mL was determined at the beginning of the study. Neither 
positive PCR nor antigenemia occurred during prophylaxis in this 
7-year experience and these tests are no longer performed routinely 
in our department, unless CMV infection is suspected due to disease 
manifestations.

In case of asymptomatic infection or CMV syndrome, 
valganciclovir 900mg was administered twice a day [6]. If the patient 
developed disease, ganciclovir (10mg/kg/day, IV) was prescribed. In 
case of resistance, foscarnet was used as second-line treatment, with 
or without immunoglobulins. Hyperinflation during the long-term 
postoperative period was treated with surgical or bronchoscopic 
volume reduction [19].

Variables and statistical analysis

All data were collected from the electronic clinical records of the 
patients included. CMV events included infection, CMV syndrome, 
and disease. Death was attributed to CMV if the patient died of CMV 
disease during the course of treatment. Patients with a CMV event 
who presented increases in viral load and/or clinical worsening of 
their disease during appropriate treatment with ganciclovir were 
defined as clinically resistant.

Continuous variables are reported as mean ± standard deviation 

Table 1: Demographic Characteristics and Clinical Data

Study cohort No CMV events CMV events
N = 139 N = 76 N = 63

Age (years)
Mean ± SD 49.8 ± 12.64
Sex (male) 83 (60%) 47 (62%) 36 (57%)
Underlying disease
	 Idiopathic	pulmonary	fibrosis	 59 (42.4%) 33 (43%) 26 (40%)
	 Chronic	obstructive	pulmonary	disease	 35 (25.2%) 17 (22%) 18 (28%)
	 Cystic	fibrosis	 14 (10%) 11 (14%) 3 (5%)
 Miscellaneous 31 (22.4%) 15 (21%) 16 (25%)
Types of transplant
 Single lung 96 (69%) 49 (64%) 46 (73%)
	 Double	lung	 43 (31%) 26 (36%) 17 (27%)
Duration of prophylaxis (months) Median (min. – max.) 4 (1.5 - 9)
Donor/receptor serological status
	 CMV	D+/R− 15 (10.7%) 6 (8%) 9 (14%)
	 CMV	D−/R− 16 (11.5%) 13 (17%) 3 (5%)
	 CMV	D−/R+ 25 (18%) 17 (22%) 8 (13%)
 CMV D+/R+ 83 (57%) 40 (53%) 43 (68%)
Rejection requiring increased immunosuppression 47 (34%) 26 (34%) 21(33%)

CMV: Cytomegalovirus, R: Receptor, D: Donor
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(SD). Dichotomous variables were compared using the χ2 test or 
Fisher’s exact test when the sample size did not allow the former. 
Survival analysis was performed using the Kaplan-Meier method and 
curves were compared using the log-rank test. The impact of CMV, 
bacterial and fungal infections, and acute and chronic rejection on 
survival were calculated using multivariate analyses. The effect of 
prophylaxis and its duration (Cox regression) were also analyzed. 
P-value was considered significant at <0.05. The PASW Statistics 18 
program was used for statistical analysis.

Results
A total of 139 eligible patients with lung transplant were identified 

during the inclusion period, of whom 60% were men and 40% were 
women. The most frequent indications for transplantation were 
pulmonary fibrosis (42.4%), chronic obstructive pulmonary disease 
(25.2%) and cystic fibrosis (10%). General demographic and clinical 
data are shown in table 1.

Donor/recipient CMV serological status in our cohort covered all 
combinations (Table 1), the most frequent being D+/R+ (n=83; 57%) 
and the least frequent D+/R− (n=16; 10.7%). The mean duration of 
follow-up was 31.45 ± 21.0 months after transplantation. During the 
first year after surgery, 45.3% of patients presented a CMV-related 
event, and the mean disease-free period after transplant was 6 ± 3.3 
months, with 57% subsequently presenting recurrence.

We analyzed serological D/R status as a risk factor for CMV 
infection. Univariate analysis with Kaplan-Meier curves (Figure 1) 
showed a lower cumulative probability of survival in patients with 
serology matches D+/R− and D+/R+. Their respective probabilities 
tended to be grouped together and fell to an estimated probability 
of survival of 40-50% 10 months after transplant, compared to 
the other 2 matches (statistically significant difference: P=0.035). 
In the multivariate analysis adjusted for age, only age reached 
significance as a risk factor (OR=1.032;  95%  CI=1.007-1.058). The 
Wald Test indicated that D/R serology should be included in the 
model (P=0.044) and Cox regression indicated, as expected after 
Kaplan-Meier analysis, that D+/R+ and D+/R− would be risk factors 
(B=0.802 and 1.293 respectively) if significantly associated, but none 

of the different matches analyzed independently reached significance 
(Table 2,3).

The mean duration of prophylaxis with valganciclovir was 
117 ± 40 days (range 60-210 days). There was no relationship between 
the duration of prophylaxis and the incidence of CMV events (CMV 
infection, the number of recurrences, or the development of disease), 
irrespective of CMV donor-recipient serology (P=0.98).

The most frequent adverse effects of prophylactic treatment were 
increased creatinine and leukopenia. A total of 26% of transplant 
recipients developed these events, which lead to the discontinuation 
of prophylaxis in 5 patients. The dose had to be adjusted in 25 patients 
and 6 needed concomitant treatments, such as colony-stimulating 
factors (granulocyte colony-stimulating factor), for the continuation 

         

Figure 1: Kaplan-Meier survival curve

Table 2: Multivariate analysis of serological D/R match and survival, adjusted for 
age (Cox regression)

B ET
Wald 

Test
p-value Exp(B)

95% CI Exp(B)
Inferior Superior

CMV D/R 8.099 0.044
D+/R+ 0.802 0.611 1.721 0.190 2.230 0.673 7.388
D+/R− 1.293 0.679 3.630 0.057 3.644 0.964 13.778
D−/R− −0.070 0.722 0.009 0.923 0.932 0.226 3.837
Age 0.031 0.013 6.239 0.012 1.032 1.007 1.058

D/R: Donor/Receptor Serology, CMV: Cytomegalovirus

Table 3: Multivariate analysis of infections, rejection and survival, adjusted for 
age (Cox regression)

B ET
Wald

Test
p-value RR

95% CI Exp(B)
Lower 

limit

Upper 

limit
CMV 0.220 0.315 0.490 0.484 10.247 0.734 2.433
Bacterial I. 0.425 0.319 1.783 0.182 10.530 0.819 2.857
Fungal I. 0.051 0.379 0.018 0.893 10.052 0.501 2.210
AR –0.514 0.334 20.370 0.124 0.598 0.311 1.151
CR 0.004 0.331 0.000 0.099 10.004 0.526 1.920
Age 0.035 0.014 6.154 0.013 1.036 1.007 1.065

CMV: Cytomegalovirus, I: Infections, AR: Acute Rejection, CR: Chronic Rejection
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of prophylaxis. The incidence of CMV infection was not associated 
with mortality (P = 0.900) after adjustment for the presence of bacterial 
and fungal infections, acute rejection, and chronic rejection. Overall 
estimated probability of survival was 54% at 5 years (Figure 2). Only 
9.6% (n  =  6) of patients who experienced a CMV event developed 
disease. Four of them developed CMV pneumonitis and 2 had 
gastrointestinal tract involvement. None of the deaths were clinically 
attributed to the CMV event. Two patients who developed clinical 
disease were resistant to ganciclovir and second-line treatments had 
to be initiated to achieve resolution.

Discussion
The frequency of CMV infection and disease in lung transplant 

recipients varies from series to series; incidences of between 54% and 
92% in the absence of prophylaxis have been reported [2,20], and 
even in cohorts receiving prophylactic treatment a 26% incidence has 
been reported [1]. In our study, viremia occurred in 45% of patients, 
which is similar to the rate reported by Humar et al. [21], but lower 
than in the series of Schröeder et al. who reported a CMV infection 
incidence of 68.3% in the first year after surgery in patients treated 
with ganciclovir [22]. According to Singh et al. the period of greatest 
risk is the first 3 months after transplantation [23], but some recent 
studies indicate that longer treatments may be desirable to prevent 
CMV disease [5,6]. There is still a lack of consensus on the optimal 
duration of prophylaxis and the treatment protocol to be followed in 
lung transplantation. Zuk et al. recently conducted an international 
survey to explore procedures in 59 centers in 5 continents. The 
disparity in strategies was confirmed, as the duration of prophylaxis 
in the different centers was found to range from 3 months to 
indefinitely. Most centers reported protocols with prophylaxis 
durations of between 3 and 6 months; 35.6% did not follow any 
strategy for D−/R− patients, and only 3.4% used pre-emptive 
therapy [7]. A recent multicenter study demonstrated the benefits of 
prophylactic treatment with valganciclovir for longer than 3 months 
[5], with no increase in valganciclovir toxicity or resistance, and this 
may convince some practitioners of the value of this approach.

Pre-emptive therapy, a strategy focused on viral monitoring and 
early treatment instead of universal prophylaxis, has been suggested 
as an appropriate alternative. Pre-emptive therapy allows controlled 
low-level replication, thus inducing immune response in the host 
and preventing late-onset CMV infection [11,23,24]. However, 

meta-analyses reviewing this strategy have failed to demonstrate 
its superiority [3,25]. Moreover, a recent pilot study found that 
valganciclovir prophylaxis did not prevent the development of CMV-
specific T cell responses [26], suggesting that the host would not 
need viral replication in the absence of antiviral drugs to develop an 
immune response.  Paraskeva et al. also reported that sub-clinical viral 
replication, such as pre-emptive therapy would allow, may be related 
with pneumonitis and the development of bronchiolitis obliterans 
syndrome (BOS) [27]. Extended prophylaxis has been shown to 
prevent CMV infection and disease with effects lasting 6 months after 
treatment completion, yet the long-term consequences of extended 
prophylaxis on CMV prevention and BOS were not explored by 
Palmer et al. [5]. Finlen Copeland et al. did address this issue in their 
single-center study, reporting a long-term increase in survival during 
a follow-up of almost 4 years. However, it should be noted that both 
studies compared 3-month and 12-month prophylaxis treatments 
with valganciclovir, without the use of pre-emptive therapy, so 
further studies are needed to shed more light on this question.

In the absence of any clear consensus, practical, empirical and 
economic reasons have led to the implementation of mixed strategies 
in clinical environments. This situation has arisen  because the costs 
of each strategy are still under discussion [28,29] and the approach 
that should be used in different patients with different risk levels is 
equally unclear [30,31]. The general CMV prevention policy of our 
group is universal prophylaxis with valganciclovir for 3 months, 
extended to 6 months in the case of D+/R− patients or when the need 
for immunosuppressive therapy (acute rejection episodes) creates 
a high-risk situation. This strategy seems to have good results as 
regards patient outcome, as only 9.6% of our patients between 2003 
and 2010 developed CMV disease. As mentioned above, routine 
PCR determinations during prophylaxis were discontinued, because 
infection is rare in this period and, indeed, never occurred in our 
series. We felt that testing should only be performed when infection 
is suspected after the suspension of prophylaxis, and this has resulted 
in an improved management of our resources that has not negatively 
affected patient outcome. As to when pre-emptive therapy should 
be indicated after the prophylaxis period, Gerna et al. [32] have 
discussed the importance of selecting an appropriate cutoff level for 
viral DNA copies in blood. Although some studies have suggested 
that DNA replication is not needed to elicit specific immune response 
and prophylaxis does not seem to prevent T cell response [26], Gerna 

         

Figure 2: Overall survival curve after lung transplantation
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et al. indicate that a high cutoff in PCR determinations (300,000 
copies/mL in their practice) would be more efficient in inducing host 
immune response. In any case, pre-emptive therapy is not currently 
recommended in clinical practice in Spain, due to the lack of strong 
evidence [33].

With regard to donor/receptor serology as a risk factor for CMV 
infection, Caspar da Cunha et al. reported on a series of 242 solid 
organ transplant patients, 89 of which were lung transplants. They 
found that donor seropositivity was a major risk factor for CMV 
infection, irrespective of whether the recipient was seronegative or 
positive [34]. These findings are reflected in our series, in which D+ 
patients have a clear tendency towards a lower estimated probability of 
survival (i.e. probability of not presenting CMV infection) than those 
receiving organs from seronegative donors. Our results, however, did 
not reach significance. This is possibly due to the small population 
and the loss of statistical power occurring when the analyses were 
performed after classification of the sample by serology. Both groups 
of patients, D+/R+ and D+/R−, tend to have a higher probability of 
CMV infection, which could be explained by a primary infection 
with donor CMV, rather than a reactivation of the latent virus in 
R+ patients. It is common for R− receptors of CMV-positive organs 
to develop CMV infection despite prolonged prophylaxis: of the 15 
cases in our series, only 6 did not develop infection. Nevertheless, 
closer examination of these 6 cases revealed that 1 died 1 month after 
discontinuing prophylaxis and another 2 developed the infection 2 
and 4 months after data collection was complete. The remaining 3 
patients became seropositive but did not develop clinical infection 
during postoperative follow-up.

As for the length of prophylaxis, Valentine et al. defend the 
need for indefinite treatment, reporting a low incidence of CMV 
pneumonia in patients who do not discontinue [35]. However, the 
authors do not specify if pre-emptive therapy was used in case of 
suspected CMV infection in patients who stopped their prophylactic 
treatment. Absence of pre-emptive treatment could contribute to 
the high rates of CMV pneumonitis reported in these patients. On 
the other hand, Mitsani et al. studied 170 lung transplant patients 
followed between 2003 and 2008 who received valganciclovir 
prophylaxis. No relationship was found between duration and dosage 
of prophylaxis treatment and the development of CMV disease or 
viremia. The authors stressed the need to define genetic risk markers 
that promote disease development, in order to guide both treatment 
and prophylaxis strategies [36].

The long-term use of antiviral drugs in prophylaxis is associated 
with adverse effects that sometimes lead to treatment discontinuation 
[25], the development of viral resistance, most frequently in the form 
of UL97 and UL54 mutations [37,38], and increased healthcare costs 
[31]. Significant adverse effects, namely leukopenia and increased 
creatinine, were observed in 26% of our patients. These figures 
are consistent with the literature. Authors who defend prolonged 
prophylaxis for longer than 6 months in high-risk D+/R− patients 
admit that the development of resistance and toxicity associated 
with prophylaxis are the main factors limiting their protocols [39]. 
The incidence of viral resistance to ganciclovir is around 5-10% and 
this proportion rises in D+/R− combinations and lung transplant 
recipients [40]. The development of resistance is also associated with 
a higher degree of tissue invasion and a poorer prognosis [41].

In this study, resistance to treatment was suspected when there 
was an increase in viremia or clinical progression in patients receiving 
valganciclovir treatment. CMV disease development in our series was 
infrequent (9.6%), but 33% of these cases were clinically resistant to 
ganciclovir. This suggests, as reported elsewhere [39], that resistance 
to antiviral treatment is a risk factor for the development of disease. 
Our second-line treatment for resistant strains was foscarnet, also 
used by Reddy et al. [42] to good effect. Several authors report that 
if CMV pneumonia is correctly treated, BOS can be avoided with no 
negative consequences on long-term survival [39,43].

Our results support the hypothesis that extended prophylaxis 

(6 months in our case) can delay CMV events, but does not prevent 
subsequent infections. This theory has been repeatedly supported by 
results, for example, from Gavalda et al. [33] Prophylactic treatment 
during the first 3 to 6 months after transplant combined with antiviral 
treatment during rejection episodes could be a very useful strategy 
for improving the survival of recipients in the early months after lung 
transplant or during periods when high-dose immunosuppression 
increasing the risk of disease is needed. This protocol reduces the 
side effects and costs associated with prolonged prophylaxis. Our 
findings also support the importance of taking high-risk serologies, 
such as D+, into consideration when establishing the prophylaxis 
protocol. Consequently, our D− patients received shorter courses, 
while high-risk patients received longer prophylactic treatments 
of 6 months. This coincides with the findings of Witzke et al. in 
kidney transplant recipients [44], who reported significant benefits 
with a 100-day prophylactic therapy with valganciclovir, especially 
in D+ patients. Clinical follow-up with PCR tests when infection is 
suspected allows early diagnosis and prevents disease development 
in most cases. The most reliable data are those calculated using the 
actual time of administration of prophylaxis, which is not the case 
in some trials. In a randomized prospective trial, Palmer et al. found 
that extended prophylaxis (12 months) significantly reduced CMV 
disease in lung transplant recipients, compared to prophylaxis 
periods of 3 months [5]. However, 11 different centers participated 
in this study, and differences in long-term clinical management 
methods after discontinuing prophylaxis in each center could have 
influenced the results. Reduced incidence of CMV disease was also 
reported in lung recipients in the INCA study [45]. Both studies used 
a fixed treatment length protocol, but Monforte et al. did not report 
on possible discontinuations during the prophylaxis period. This 
would have been interesting, as patient compliance might be affected 
by adverse effects, resulting in fewer days on prophylaxis [45]. If this 
was the case, the short treatment period would in fact be less than the 
100 or 120 days of treatment specified in the original protocol.

Our results suggest that a follow-up protocol designed to avoid 
the need for long-term prophylaxis may have benefits in terms 
of fewer adverse effects for the patients and lower costs, with no 
negative impact on patient outcome. The detection of patients at 
risk of developing CMV disease or viral resistance to treatment is a 
clinical goal that would allow effective and tailored prophylaxis for 
lung recipients, while reducing side effects.
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