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  Pulmonary viral and fungal infections in solid organ 
transplant recipients are one of the most common 
and potentially life-threatening infections. Under-
standing the strategies used for prophylaxis and 
prevention of these infections is critical for the health 
and well-being of transplant recipients. Prophylactic 
measures range from simple patient education to 
complex chemoprophylactic interventions; however, 
a multifaceted approach is most often required. This 
article focuses on strategies to prevent pulmonary 
viral and fungal infections in transplant recipients, 
with an emphasis on recent evidence that may infl u-
ence practice guidelines.

  Introduction
  Pulmonary infection is a major cause of morbidity and 
mortality for patients with transplanted organs. This article 
focuses on the currently available preventive and prophylac-
tic measures to minimize the risks of pulmonary viral and 
fungal infections in solid organ transplant (SOT) recipients. 
The importance of diagnostics and management of an estab-
lished infection are not covered in this article.

  Pulmonary Viral Infections
  In healthy, immunocompetent adults, pulmonary viral 
infections typically produce a mild and self-limited upper 
respiratory tract infection. However, in solid organ 
transplant (SOT) recipients, potent immunosuppressive 
medications lead to severe dysfunction of cell-mediated 

immunity, which constitutes an important mechanism of 
defense against viral infections. For some SOT recipients, 
this is compounded by postoperative changes of the lung that 
favor the establishment of infection, including a diminished 
cough refl ex, abnormal lymphatic drainage, and impaired 
mucociliary clearance. As a consequence, this group of often 
mild infections causes signifi cant morbidity and mortality in 
SOT recipients. The causative organisms of pulmonary viral 
infections in SOT recipients are shown in  Table 1 . Most are 
caused by two major groups—the respiratory viruses and 
the herpesviruses—which are the focus of this article. 

  Respiratory Viruses
  Epidemiology of respiratory viruses in SOT recipients
  Common respiratory viral infections in SOT recipients 
include infl uenza, parainfl uenza, respiratory syncytial 
virus (RSV), rhinovirus, adenovirus, coronaviruses, and 
human metapneumovirus. Epidemiologic studies of 
respiratory viral infections in SOT recipients are limited, 
and vary widely in their results because of differences in 
seasonality, location, organ transplant type, and method 
of viral detection. The most commonly reported include 
RSV, infl uenza, parainfl uenza virus, adenovirus, and 
human metapneumovirus [ 1–3 ]. Few studies address the 
incidence of rhinovirus and coronaviruses. 

  Compared with immunocompetent individuals, infection 
with the respiratory viruses in SOT recipients is associated 
with a longer duration of infection, increased risk of lower 
respiratory tract infection and complications, increased 
mortality, and increased viral shedding [ 1 , 4 , 5 ]. For example, 
about 13% of SOT recipients with infl uenza develop lower 
tract infection and extrapulmonary complications are more 
common, including bacterial superinfection, graft dysfunc-
tion, and rejection [ 6 , 7 ]. Moreover, subsequent obliterative 
bronchiolitis in lung transplant recipients is well described 
[ 7 ]. Parainfl uenza virus is associated with acute cellular 
rejection and bronchiolitis obliterans [ 8 ]. Prolonged shed-
ding of RSV in the immunosuppressed is well described [ 5 ], 
and the virus is associated with bronchiolitis obliterans in 
lung transplant recipients [ 3 ]. 
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  Prophylaxis and prevention of respiratory 
viruses in SOT recipients
  Prophylaxis and prevention of the respiratory viruses involve 
a multifaceted approach including patient education, institu-
tion of precautions in the community and acute care settings, 
and vaccination and chemoprophylaxis against infl uenza. 

  General principles
  Respiratory viruses are spread through contaminated 
secretions. Many principles of prevention are applicable to 
the general population; however, given the potential risks 
of infection in SOT recipients, the level of adherence should 
be signifi cantly greater. These measures must also be more 
strictly enforced during periods of increased immunosup-
pression (early posttransplant; periods of rejection), during 
high-risk seasons, and in those who have undergone lung 
transplantation. Furthermore, the risk of infection acquisi-
tion through contact with contaminated surfaces must also 
be stressed. Regular hand hygiene either with hand wash-
ing or an alcohol-based hand rub, especially after touching 
surfaces in communal areas, is an important education 
message. Patients should avoid contact with persons who 
are unwell and be aware that young children, especially 
those in daycare, can have increased carriage of respiratory 
viruses. Exposure is particularly risky during periods of 
increased immunosuppression. 

  Strict adherence to national and local infection control 
guidelines is essential in health care center areas where 
SOT recipients are frequent visitors. Broad objectives are 
to avoid transmission from staff, patient visitors, and other 
patients. Visual alerts at the entrance of hospitals and high-
risk wards are effective in identifying staff and visitors with 
respiratory symptoms. The US Centers for Disease Control 
and Prevention (CDC) recommend contact isolation for 
all patients who have a suspected respiratory viral infec-
tion and droplet precautions for infl uenza, adenovirus, and 
rhinovirus [ 9 ]. It is reasonable to institute droplet precau-
tions until these viral etiologies are excluded. Readers are 
referred to the CDC guidelines for further details [ 9 ]. 

  Prophylaxis using vaccination
  At this stage, vaccination is only available for the preven-
tion of infl uenza. Annual vaccination with the trivalent 

inactivated vaccine (TIV) is strongly recommended in all 
SOT recipients [ 2 , 10 ]. The TIV is preferred for vaccinating 
household members, health care personnel, and all others in 
close contact with immunosuppressed persons. The safety 
and effi cacy of the live, attenuated infl uenza vaccine has not 
been established in this population and should be avoided 
[ 11 ]. Disparity continues to exist between current recom-
mendations for infl uenza vaccination and clinical practice 
[ 12•• ]. Reasons for withholding infl uenza vaccination 
in SOT recipients have included concerns regarding graft 
rejection and a suboptimal immunologic response [ 13 ]. Sev-
eral recent studies provided further evidence of the safety 
of infl uenza vaccination after transplantation. Scharpe et 
al. [ 14• ] performed a prospective trial in 165 renal trans-
plant recipients and showed no effect on allograft function 
or rejection. A multicenter study by White-Williams et al. 
[ 13 ] including 3601 heart transplant recipients more than 
1 year after transplant demonstrated no difference in the 
number of rejection episodes vaccinated compared with 
unvaccinated transplant recipients. The safety of infl uenza 
vaccination is also evident in adult liver transplant recipi-
ents, with no association to allograft rejection or fl ares in 
transaminases reported [ 15 ]. 

  The immunogenicity of the TIV in SOT recipients var-
ies in relation to transplant type, time from transplantation, 
type and intensity of immunosuppression, and annual vac-
cine-related factors [ 11 , 16• ]. Previous studies on the effi cacy 
of the TIV in SOT were mostly small, nonrandomized trials 
with widely varied results. A few recent studies sought to 
further address this issue. In the study by Scharpe et al. [ 14• ] 
of renal transplant recipients, seroprotective rates (measured 
by a hemagglutination-inhibiting antibody titer > 40) and 
seroresponse rates (defi ned by a fourfold rise in hemag-
glutination-inhibiting titer) were comparable with healthy 
volunteers at more than 6 months posttransplant. A booster 
dose of vaccine failed to show benefi t in the immune response 
[ 14• ]. A prospective trial in pediatric liver transplant recipi-
ents more than 3 months posttransplant and their healthy 
siblings demonstrated that after one dose of TIV, transplant 
recipients achieved rates of antibody seropositivity similar 
to their siblings [ 17 ]. However, a signifi cantly decreased 
cell-mediated immune response was reported [ 17 ]. Further 
studies are needed to establish whether there is a causal link 

 Table 1. Causative organisms of pulmonary viral infections in solid organ transplant recipients 

 Respiratory viruses  Herpesviruses  Other rare causes 

 Respiratory syncytial virus  Herpes simplex virus type 1 and 2  Avian infl uenza 

 Infl uenza  Varicella zoster virus  Human bocavirus 

 Parainfl uenza  Cytomegalovirus   Coronavirus (SARS) 

 Adenovirus  Epstein-Barr virus   Measles 

 Rhinovirus  Human herpes virus type 6  Parvovirus B19 

 Coronaviruses (non-SARS)  Hantavirus 

 Human metapneumovirus 

 SARS—severe acute respiratory syndrome. 
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between neutralizing antibody production, cell-mediated 
responsiveness, and overall protection against viral infection 
in patients with varying levels of immunosuppression [ 16• ].

  Chemoprophylaxis 
  Chemoprophylaxis for respiratory viruses in SOT recipi-
ents is only available for infl uenza. CDC guidelines 
recommend consideration of antiviral prophylaxis in 
patients who are receiving immunosuppressants and 
those who are at risk of not responding to the vaccine 
[ 2 , 11 ]. Antiviral prophylaxis should also be considered 
for close contacts of immunosuppressed patients and for 
health care providers who are unvaccinated during times 
of increased infl uenza activity or if an outbreak is caused 
by a strain of infl uenza that might not be covered by the 
annual vaccine [ 11 ]. Strategies for prophylaxis include the 
administration of a defi ned regimen throughout a high-
risk period or the administration of a defi ned regimen 
to an individual shortly after a high-risk exposure to an 
active source of infection to prevent or attenuate the clini-
cal manifestation of disease. General chemoprophylaxis 
should be based on proof through virologic surveillance 
that an epidemic is occurring in the community. The need 
for daily compliance, possible side effects, and the risk of 
resistance development should be taken into account [ 11 ].

  Two types of anti-infl uenza medications are available 
for prophylaxis: the M2 matrix inhibitors amantadine 
and rimantadine, which only have activity for infl uenza 
A, and the neuraminidase inhibitors oseltamivir and 
zanamivir, which have activity for infl uenza A and B. 
Since January 2006, the neuraminidase inhibitors were 
considered fi rst-line therapy because of their enhanced 
activity against both infl uenza A and B and the wide-
spread resistance to the adamantanes among infl uenza 
A (H3N2). Increasing resistance to oseltamivir was 
reported in H1N1 strains in the United States [ 11 , 18 ]. 
Thus, the CDC recently published revised guidelines for 
infl uenza chemoprophylaxis [ 18 ]. When an infl uenza A 
(H1N1) virus infection or exposure is suspected, zana-
mivir (10 mg once daily) or a combination of oseltamivir 
(75 mg daily) and rimantadine (100 mg twice daily) is 
now preferred over oseltamivir alone. When an infl uenza 
B virus infection or exposure is suspected, oseltamivir 
or zanamivir can be given [ 18 ]. The dosage of these anti-
viral medications may differ in children, the elderly, or 
in patients with hepatic or renal dysfunction. The recent 
changes in guidelines highlight the need to review local 
and state surveillance data to determine the circulating 
infl uenza virus strains and the most current recommen-
dations for antiviral use. Despite a paucity of data on 
the optimal timing, dosing, and effi cacy of chemopro-
phylaxis in the immunocompromised patient, current 
recommendations are to use the same dose and duration 
as prescribed for immunocompetent individuals [ 2 ]. 

  Limited data regarding drug interactions are available 
for oseltamivir; however, this drug is generally well toler-
ated with the most frequent adverse reaction being nausea 

and vomiting [ 11 ]. Zanamivir, which is administered as 
an inhalation, has no known drug interactions; however, 
it has a potential side effect of bronchospasm and is only 
licensed for use in persons age 5 years and older without 
underlying respiratory or cardiac disease [ 11 ]. It was pre-
viously avoided in lung transplant recipients. Amantadine 
and rimantadine are associated with neurologic toxicity 
in the general population. Amantadine can be substituted 
for rimantadine but has an increased risk of drug interac-
tion and side effects [ 18 ]. Rarely, amantadine is associated 
with cardiac dysrhythmia and congestive heart failure, 
and is contraindicated with potassium chloride. Dosing 
adjustment is required in those with renal impairment for 
oseltamivir, rimantadine, and amantadine. Readers are 
referred to the product insert for each antiviral agent for 
further details. 

  In specifi c groups of high-risk infants and children, 
prophylaxis with the RSV-specifi c monoclonal antibody 
(Palivizumab) or high-titer RSV-intravenous immune 
globulin is effective; however, no studies have adequately 
evaluated the use of either agent in SOT recipients [ 2 ]. Some 
experts support their use for prophylaxis in children under 
1 year of age who undergo transplantation during times of 
increased RSV activity [ 2 ], and a recent survey of pediatric 
SOT centers showed that about 50% of responding centers 
use these agents in some fashion [ 19 ]. 

  Herpesviruses
  Epidemiology of herpesviruses in SOT recipients
  Albeit less common, the herpesviruses are an important 
cause of pulmonary infection in SOT recipients. The major 
etiologic agents include herpes simplex virus (HSV) type 1 
and 2, varicella zoster virus (VZV) and cytomegalovirus 
(CMV) [ 20 , 21 ]. CMV is a major cause of disease and mor-
tality in SOT recipients, especially high-risk patients (donor 
seropositive and recipient seronegative) [ 21 ]. CMV often 
shows tissue tropism for the transplanted organ and thus 
lung or heart-lung transplant recipients are at highest risk 
for pulmonary disease [ 21 ]. In the absence of prophylaxis, 
the highest risk period is 1 to 3 months after transplanta-
tion or during late episodes of rejection [ 21 , 22•• ]. 

  HSV 1 and 2 and VZV are more likely to cause 
disseminated disease, including pneumonitis, in SOT 
recipients [ 20 ]. Pneumonitis with these viruses should 
be considered a medical emergency. In the absence of 
prophylaxis, most cases occur early after transplant, 
typically within the fi rst 1 to 2 months [ 20 ]. HSV pneu-
monia most commonly occurs in lung and heart-lung 
transplant recipients but can occur in all transplant 
patients, particularly if intubation or bronchoscopy is 
performed during an active HSV infection [ 23 ]. VZV 
disease in posttransplant adults is usually from reacti-
vation of latent virus and occurs later than HSV, often 
greater than 3 months posttransplant. Primary VZV is 
rare posttransplant but may occur in seronegative indi-
viduals, most commonly in pediatric patients [ 20 ]. 



212  I  Pleuropulmonary and Bronchial Infections

  Prophylaxis and prevention of 
herpesviruses in SOT recipients
  The prevention of herpesviruses in SOT recipients 
focuses on antiviral chemoprophylaxis. VZV vaccination 
pre-transplant is also a strategy that may be used. Fortu-
nately, the antiviral agents used for chemoprophylaxis of 
CMV are also active against HSV and VZV. There are 
two major strategies for the prevention of CMV infection 
in the SOT recipient: universal prophylaxis and preemp-
tive therapy [ 22•• , 24 ].  Universal prophylaxis  refers to the 
administration of antiviral therapy to all patients during 
a defi ned high-risk period after transplantation.  Preemp-
tive therapy  is the administration of antiviral therapy in 
response to detection of CMV viremia before the patient 
becomes symptomatic with CMV disease. Although both 
strategies are associated with a reduction in CMV disease, 
as well as allograft rejection, only universal prophylaxis 
was found to reduce bacterial and fungal infections, which 
are other indirect effects of CMV [ 24 ]. Universal prophy-
laxis also reduced CMV disease in patients at highest risk 
(donor-positive, recipient-negative patients and patients 
given antilymphocyte antibodies) [ 22•• , 24 ].

  The peak incidence of CMV disease has shifted from 
less than 4 months to 4 to 6 months, most likely related to 
the widespread use of prophylaxis. Intravenous ganciclo-
vir (5 mg/kg/d), oral ganciclovir (3 g/d), and valganciclovir 
(900 mg/d) (doses based on normal renal function) are the 
typical antiviral agents used for CMV prophylaxis with 
a recommended duration of 12 to 14 weeks [ 21 ]. Given 
the improved bioavailability and logistic advantages of 
once-daily dosing, valganciclovir is becoming the pre-
ferred agent for CMV prophylaxis. Increasing evidence of 
its effi cacy equivalent to intravenous ganciclovir is being 
reported in a range of transplant types [ 22•• , 25 ]. There 
is concern that valganciclovir in liver transplant recipients 
leads to a higher incidence of tissue-invasive disease; how-
ever, many experts still recommend its use [ 21 ].

  Guidelines established for lung transplant recipients, 
who are at higher risk for CMV pneumonitis, recommend 
that all recipients should be considered for prophylaxis, 
regardless of recipient and donor serostatus [ 22•• , 26 ]. 
Valganciclovir is recommended for at least 100 days 
although longer duration may be considered [ 26 ]. Some 
also believe that CMV immunoglobulin should be con-
sidered in combination with antivirals in high-risk lung 
transplant recipients [ 22•• , 26 ].

  If CMV prophylaxis is interrupted or a preemptive 
approach is used, HSV and VZV prophylaxis should be 
instituted for a minimum of 30 to 90 days posttransplanta-
tion. Oral acyclovir, 200 mg or 400 mg orally, two to three 
times daily, was shown to effectively prevent HSV and 
VZV [ 20 , 23 ]. Current guidelines recommend that trans-
plant candidates who are seronegative for VZV receive the 
live attenuated Varicella vaccine pre-transplant to prevent 
posttransplant primary varicella infection [ 10 ]. It should be 
given at least 4 to 6 weeks prior to transplant if possible and 
is contraindicated for patients posttransplant [ 10 , 12•• ]. 

Vaccination of susceptible family members is an additional 
method of protecting the high-risk transplant patient. 

  Postexposure prophylaxis is another important 
consideration in the prevention of VZV disease in SOT 
recipients. Seronegative patients with a defi ned exposure 
within the previous 96 hours should receive postexposure 
prophylaxis with varicella zoster immune globulin (VZIG) 
[ 20 , 23 ]. If the therapeutic window for VZIG has passed, 
if VZIG is unavailable, or if the patient is at very high risk 
for disseminated disease, postexposure prophylaxis with 
oral antiviral agents should be considered [ 20 , 23 ]. 

  Pulmonary Fungal Infections
  Epidemiology of pulmonary fungal 
infections in SOT recipients
  Although fungi are not the most common cause of pulmo-
nary infections in SOT recipients, they are a major cause of 
mortality [ 27• ]. Despite  Pneumocystis jiroveci  being clas-
sifi ed as a fungus, it is not covered in this article. Readers 
are referred to the American Society of Transplantation 
guidelines for further details on  P. jiroveci  prophylaxis in 
this population [ 28 ].  Candida  spp and  Aspergillus  spp are 
the most commonly reported fungal pathogens in SOT 
recipients.  Candida  is frequently isolated from the respi-
ratory tract; however, it rarely causes invasive pulmonary 
disease. An exception occurs in lung transplant recipients, 
in whom  Candida  can cause tracheobronchitis at the 
anastomotic site [ 29 ]. 

  The incidence of invasive aspergillosis in SOT recipi-
ents varies according to the transplanted organ. Similar 
to pulmonary viral infections, the highest incidence is 
observed in lung transplant recipients, ranging from 6% to 
16% [ 30 ]. This is followed by heart recipients (1%–14%) 
[ 31 ], liver recipients (1%–8%) [ 32 ], and lastly by kidney 
and pancreas recipients, who have the lowest incidence 
(0.4%–5%) [ 33 ]. New trends in invasive aspergillosis 
among SOT recipients are documented. More cases of late 
invasive aspergillosis (ie, occurring > 90 days after trans-
plantation) are being observed [ 32 ]. A shift has occurred 
in the clinical presentation, with a decrease in the number 
of cases of disseminated disease and those with central 
nervous system (CNS) involvement, and an increase in 
the number of patients with isolated pulmonary aspergil-
losis [ 32 ]. Possible explanations for these trends include 
less occurrence of organ dysfunction postoperatively, 
particularly renal dysfunction, later occurrence of CMV 
infection and disease, and earlier diagnosis and initiation 
of appropriate therapy. Fortunately, a decrease in mortal-
ity was also observed [ 32 ].

  An increase in the number of non- Aspergillus  molds, 
such as Zygomycetes,  Fusarium ,  Scedosporium , and the 
phaeohyphomycetes, was described as a cause of pulmo-
nary fungal infections in SOT recipients [ 34 , 35 ]. This 
trend is worrisome for several reasons: these fungi are 
often resistant to antifungal therapy; they tend to be more 
associated with disseminated disease and involve the 
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CNS; and the associated mortality is very high. Possible 
explanations for this trend include the use of intensifi ed 
immunosuppression and exposure to antifungal agents 
with poor activity toward these molds. Concerns about 
an increase in the incidence of zygomycosis with the use 
of voriconazole were raised. However, data from large 
transplant centers showed an increase in the number of 
cases prior to the availability of voriconazole, suggesting 
that other causes may also be involved [ 36 ]. 

  Cryptococcosis occurs in 0.26% to 5% of organ 
transplant recipients, with an overall mortality of 42% 
[ 37 ]. Recently, an increase in the cumulative incidence of 
cryptococcosis was associated with the use of two or more 
doses of antilymphocyte globulin or alemtuzumab [ 38 ].

  Coccidioidomycosis, histoplasmosis, and blastomy-
cosis are endemic fungal infections that can manifest as 
isolated pulmonary disease or disseminated infection 
in SOT recipients. They can occur as a primary infec-
tion from an environmental exposure, reactivation of a 
latent infection, or rarely from primary infection from 
the donor. The latter was not reported for blastomy-
cosis. The incidence of coccidioidomycosis following 
organ transplantation ranges from 1% to 9% in highly 
endemic areas, with a mortality rate as high as 70% 
[ 39 ]. Most cases occur in the fi rst year after trans-
plantation. A study in liver transplant recipients who 
relocated to an endemic area following transplantation 
showed that the rate of new infection was 2.7% in the 
fi rst year [ 40 ]. The incidence of histoplasmosis in SOT 
recipients living in endemic areas is not known, but 
rates of 0% to 2.1% were reported [ 41 ]. Blastomycosis 
following organ transplantation is rare, and no num-
bers on incidence are available. 

  Prophylaxis and prevention of 
pulmonary fungal infections
  General principles
  Many of the fungal pathogens are ubiquitous in the 
environment including soil, decomposing plant mate-
rial, household dust, ornamental plants, building sites, 
and water. Several measures, such as the ones described 
below, can be implemented to minimize patient exposure 
to high-risk environments. However, no studies were done 
to determine the effectiveness of these measures [ 42 ].

  More specifi c patient education should include advice 
about avoiding 1) excavation, construction, and other dust-
full environments because of high concentrations of mold 
spores [ 43 ]; 2) marijuana use because of its association with 
 Aspergillus  spores; 3) farming and gardening, if possible, 
during the fi rst year following transplantation, to mini-
mize exposure to decomposing vegetable matter and soil; 
4) exposure to bird droppings, caves, chicken coops, and 
plant and soil aerosols because of potential exposure to 
 Cryptococcus ,  Histoplasma , and  Coccidioides . If exposure 
cannot be avoided, use of a mask is recommended. In-hospi-
tal construction areas should be carefully isolated to avoid 
the spread of mold spores to patient areas. Data are cur-
rently not available to advise on the use of high-effi ciency 
particulate air fi lters as a strategy to minimize the incidence 
of pulmonary fungal infections in SOT recipients. There is 
also no evidence that protective isolation offers any benefi t 
over standard care while patients are hospitalized [ 44 ].

  Chemoprophylaxis
  Antifungal prophylaxis in SOT recipients is a controversial 
topic. Very few studies are well-designed and controlled, 
and most refl ect a single center’s experience. Furthermore, 
great variation in antifungal prophylactic strategies exists 
between the different centers with regard to the agent used 
and duration of prophylaxis. Finally, several of the available 
antifungal agents are associated with signifi cant interactions 
with commonly used immunosuppressive medications.

  The different antifungal prophylactic strategies avail-
able for SOT recipients are summarized in  Table 2 . Lipid 
formulations of amphotericin B at a dose of 5 mg/kg were 
effi cacious in preventing aspergillosis in high-risk liver 
transplant recipients [ 45 ]. However, low doses (1 mg/kg) 
and amphotericin B deoxycholate were not adequate for 
prophylaxis in this patient population [ 46 ]. As discussed 
for CMV prophylaxis, two strategies for prophylaxis 
against  Aspergillus  exist for lung transplant recipients: 
universal prophylaxis and preemptive therapy. Preemptive 
therapy consists of administration of antifungal therapy 
whenever  Aspergillus  is isolated from a respiratory speci-
men. This is possible in lung transplant recipients because 
they undergo routine surveillance bronchoscopies with 
biopsy to monitor for rejection. Overall, however, univer-
sal prophylaxis is more common. 

 Table 2. Chemoprophylactic strategies for pulmonary fungal infections in organ transplantation, assuming 
normal renal and hepatic function 

 Pathogen  Allograft  Antifungal agent  Duration 

 Aspergillus  Liver  Lipid formulation of amphotericin B, 5 mg/kg/d  Until resolution of risk factors 

 Aspergillus  Lung  Aerosolized amphotericin B, 6–30 mg/d, 
or voriconazole, 400 mg/d 

 2 wk to lifelong 

 Candida  Lung  Same strategies as for Aspergillus  2 wk to lifelong 

 Cryptococcus  All  Not recommended   — 

 Coccidioides*  All  Fluconazole, 200–400 mg/d  6 mo to lifelong 

 *Prophylaxis recommended only in the setting of previous coccidioidal infection or positive serology. 
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  Aerosolized amphotericin B is the most common form 
of prophylaxis used in lung transplant recipients. Its use is 
attractive because it delivers the antifungal agent directly 
to the infection site, minimizing systemic side effects and 
drug interactions. A disadvantage of this strategy is that 
in single-lung transplant recipients, the distribution of the 
aerosolized amphotericin B occurs preferentially in the 
transplanted lung, leaving the native lung as a potential 
source of infection [ 47• ]. Both amphotericin B deoxycholate 
and the lipid formulations were studied, with the lipid for-
mulations being better tolerated. Side effects include cough, 
nausea, and bronchospasm. Voriconazole is also used 
for  Aspergillus  prophylaxis in lung transplant recipients. 
Husain et al. [ 48 ] showed that prophylactic voriconazole 
for a minimum of 4 months posttransplant decreased the 
rate of invasive aspergillosis 23% to 1.5%; however, liver 
enzyme abnormalities occurred in a large proportion of 
patients. All the strategies described above are also effec-
tive for the prevention of  Candida  infections.

  Use of antifungal prophylaxis is not recommended for the 
prevention of cryptococcosis. Patients with a history of coc-
cidioidomycosis and/or with a positive coccidioidal serology 
should receive lifelong prophylaxis with fl uconazole follow-
ing organ transplantation [ 49• ]. The risk of reactivation of 
histoplasmosis in patients who live in an endemic area and 
have evidence of remote  Histoplasma  infection was deemed 
very low. Pretransplant  Histoplasma capsulatum  serologies 
are not predictive of disease risk [ 41 ]. Therefore, antifungal 
prophylaxis following SOT is not currently recommended; 
however, histoplasmosis should be considered in the differ-
ential diagnosis if a febrile illness occurs. The availability of 
posaconazole (an azole with a broader spectrum of activity 
against molds, including the Zygomycetes) has raised inter-
est in the use of this agent for prophylaxis in SOT recipients. 
However, no data on its safety and effi cacy in this setting are 
currently available.

  Conclusions
  The saying “an ounce of prevention is worth a pound of 
cure” has a special poignancy in the care of transplant 
recipients. Pulmonary viral and fungal infections remain a 
persistent cause of morbidity and mortality in SOT recipi-
ents, and strategies to better prevent them are desperately 
needed. The development of new vaccines targeting other 
respiratory viruses, particularly RSV, and newer antimi-
crobial agents for chemoprophylaxis should be areas of 
active development. A discussion of rapid diagnostics was 
beyond the scope of this article, but future efforts should 
focus on the development of such technologies. Studies 
that aim to better stratify patients at risk for invasive fun-
gal infection are also needed. This may include the use of 
novel immunologic assays that monitor the patient’s over-
all net state of immunosuppression [ 50 ], more directed 
use of fungal biomarkers, or early molecular diagnostics. 

  Disclosure
  Dr. Peleg has acted as an advisor to Abbott Molecular. 
Dr. Mylonakis received research support from Astellas 
and served on the speakers’ bureau for Pfi zer. Dr. Silveira 
received a research grant from Pfi zer. No other potential 
confl icts of interest relevant to this article were reported.

  References and Recommended Reading
  Papers of particular interest, published recently, 
have been highlighted as:
  • Of importance
  •• Of major importance
  
  1.  Barton   TD,   Blumberg   EA:   Viral pneumonias other than 

cytomegalovirus in transplant recipients.   Clin Chest Med 
  2005,   26:  707–  720, viii.

   2.  Community-acquired respiratory viruses.   Am J Transplant 
  2004,   4(Suppl 10):  105–  109. 

  3.  Hopkins   P,   McNeil   K,   Kermeen   F,   et al. :  Human meta-
pneumovirus in lung transplant recipients and comparison 
to respiratory syncytial virus.   Am J Respir Crit Care Med 
  2008,   178:  876–  881. 

  4.  Adenovirus.   Am J Transplant   2004,   4(Suppl 10):  101–  104. 
  5.  Ison   MG,   Hayden   FG:   Viral infections in immunocompro-

mised patients: what’s new with respiratory viruses?   Curr 
Opin Infect Dis   2002,   15:  355–  367. 

  6.  Fishman   JA:   Common pulmonary infections 
in immunocompromised patients. Up to Date 
Online, 2007.  Available at  http://www.uptodate.
com/online/content/topic.do?topicKey=immuninf/
5252&selectedTitle=2~150&source=search_result. 
  Accessed January 2009.

   7.  Vilchez   RA,   Fung   J,   Kusne   S:   The pathogenesis and man-
agement of infl uenza virus infection in organ transplant 
recipients.   Transpl Infect Dis   2002,   4:  177–  182. 

  8.  Vilchez   RA,   Dauber   J,   McCurry   K,   et al. :  Parainfl uenza 
virus infection in adult lung transplant recipients: an 
emergent clinical syndrome with implications on allograft 
function.   Am J Transplant   2003,   3:  116–  120. 

  9.  Siegel   JD,   Rhinehart   E,   Jackson   M,   Chiarello   L,   and the 
Healthcare Infection Control Practices Advisory Commit-
tee:   2007 Guideline for isolation precautions: preventing 
transmission of infectious agents in healthcare settings, 
June 2007.  Available at  http://www.cdc.gov/ncidod/dhqp/
pdf/isolation2007.pdf.   Accessed January 2009.

   10.  Guidelines for vaccination of solid organ transplant candidates 
and recipients.   Am J Transplant   2004,   4(Suppl 10):  160–  163. 

  11.  Fiore   AE,   Shay   DK,   Broder   K,   et al. :  Prevention and 
control of infl uenza: recommendations of the Advisory 
Committee on Immunization Practices (ACIP), 2008. 
  MMWR Recomm Rep   2008,   57:  1–  60. 

  12.••  Avery   RK,   Michaels   M:   Update on immunizations in solid 
organ transplant recipients: what clinicians need to know. 
  Am J Transplant   2008,   8:  9–  14. 

  This article provides an excellent, up-to-date review of vaccination 
effi cacy and safety in solid organ transplant recipients.
  13.  White-Williams   C,   Brown   R,   Kirklin   J,   et al. :  Improving 

clinical practice: should we give infl uenza vaccinations to 
heart transplant patients?   J Heart Lung Transplant   2006, 
  25:  320–  323. 

  14.•  Scharpe   J,   Evenepoel   P,   Maes   B,   et al. :  Infl uenza vaccination 
is effi cacious and safe in renal transplant recipients.   Am J 
Transplant   2008,   8:  332–  337. 

  This article reports a prospective trial assessing the effi cacy and 
safety of the standard trivalent inactivated infl uenza vaccine in 
renal transplant recipients.



Prophylaxis Against Pulmonary Viral and Fungal Infections in Solid Organ Transplant Recipients  I  Peleg et al.  I  215

  15.  Lawal   A,   Basler   C,   Branch   A,   et al. :  Infl uenza vaccination 
in orthotopic liver transplant recipients: absence of post 
administration ALT elevation.   Am J Transplant   2004, 
  4:  1805–  1809. 

  16.•  Gangappa   S,   Kokko   KE,   Carlson   LM,   et al. :  Immune 
responsiveness and protective immunity after transplantation. 
  Transpl Int   2008,   21:  293–  303. 

  This review outlines the immunologic response to vaccination in 
transplant recipients and provides a brief overview of the mecha-
nism of action of immunosuppressant drugs and how they may 
affect immune response to vaccination.
  17.  Madan   RP,   Tan   M,   Fernandez-Sesma   A,   et al. :  A pro-

spective, comparative study of the immune response to 
inactivated infl uenza vaccine in pediatric liver transplant 
recipients and their healthy siblings.   Clin Infect Dis   2008, 
  46:  712–  718. 

  18.  Centers for Disease Control and Prevention:   CDC Issues 
Interim Recommendations for the Use of Infl uenza 
Antiviral Medications in the Setting of Oseltamivir 
Resistance among Circulating Infl uenza A (H1N1) Viruses, 
2008–09 Infl uenza Season.  Available at  http://www2a.cdc.
gov/HAN/ArchiveSys/ViewMsgV.asp?AlertNum=00279. 
  Accessed January 2009.

   19.  Michaels   MG,   Fonseca-Aten   M,   Green   M,   et al. :  Respira-
tory syncytial virus prophylaxis: a survey of pediatric solid 
organ transplant centers.   Pediatr Transplant   2008  (Epub 
ahead of print).

  20.  Other herpesviruses: HHV-6, HHV-7, HHV-8, HSV-1 and 
-2, VZV.   Am J Transplant   2004,   4(Suppl 10):  66–  71. 

  21.  Cytomegalovirus.   Am J Transplant   2004,   4(Suppl 10):  51–  58. 
  22.••  Torres-Madriz   G,   Boucher   HW:   Immunocompromised hosts: 

perspectives in the treatment and prophylaxis of cytomegalo-
virus disease in solid-organ transplant recipients.   Clin Infect 
Dis   2008,   47:  702–  711. 

  This article is a comprehensive and practical review of prevention 
and management of CMV in solid organ transplantation.
  23.  Miller   GG,   Dummer   JS:   Herpes simplex and varicella 

zoster viruses: forgotten but not gone.   Am J Transplant 
  2007,   7:  741–  747. 

  24.  Kalil   AC,   Levitsky   J,   Lyden   E,   et al. :  Meta-analysis: the 
effi cacy of strategies to prevent organ disease by cytomega-
lovirus in solid organ transplant recipients.   Ann Intern Med 
  2005,   143:  870–  880. 

  25.  Paya   C,   Humar   A,   Dominguez   E,   et al. :  Effi cacy and safety 
of valganciclovir vs. oral ganciclovir for prevention of cyto-
megalovirus disease in solid organ transplant recipients. 
  Am J Transplant   2004,   4:  611–  620. 

  26.  Zamora   MR,   Davis   RD,   Leonard   C:   Management of 
cytomegalovirus infection in lung transplant recipients: 
evidence-based recommendations.   Transplantation   2005, 
  80:  157–  163. 

  27.•  Silveira   FP,   Husain   S:   Fungal infections in solid organ trans-
plantation.   Med Mycol   2007,   45:  305–  320. 

  This article reviews the epidemiology, risk factors, clinical presen-
tation, treatment, and prophylactic strategies of the most common 
fungal infections in organ transplant recipients.
  28.  Pneumocystis jiroveci (formerly Pneumocystis carinii).   Am J 

Transplant   2004,   4(Suppl 10):  135–  141. 
  29.  Grossi   P,   Farina   C,   Fiocchi   R,   Dalla Gasperina   D:   Preva-

lence and outcome of invasive fungal infections in 1,963 
thoracic organ transplant recipients: a multicenter retro-
spective study. Italian Study Group of Fungal Infections in 
Thoracic Organ Transplant Recipients.   Transplantation 
  2000,   70:  112–  116. 

  30.  Singh   N,   Husain   S:   Aspergillus infections after lung 
transplantation: clinical differences in type of transplant 
and implications for management.   J Heart Lung Transplant 
  2003,   22:  258–  266. 

  31.  Montoya   JG,   Chaparro   SV,   Celis   D,   et al. :  Invasive aspergil-
losis in the setting of cardiac transplantation.   Clin Infect 
Dis   2003,   37(Suppl 3):  S281–  S292.

   32.  Singh   N,   Avery   RK,   Munoz   P,   et al. :  Trends in risk profi les 
for and mortality associated with invasive aspergillosis 
among liver transplant recipients.   Clin Infect Dis   2003, 
  36:  46–  52. 

  33.  Cornet   M,   Fleury   L,   Maslo   C,   et al. :  Epidemiology of inva-
sive aspergillosis in France: a six-year multicentric survey in 
the Greater Paris area.   J Hosp Infect   2002,   51:  288–  296. 

  34.  Husain   S,   Alexander   BD,   Munoz   P,   et al. :  Opportunistic 
mycelial fungal infections in organ transplant recipients: 
emerging importance of non-Aspergillus mycelial fungi. 
  Clin Infect Dis   2003,   37:  221–  229. 

  35.  Husain   S,   Munoz   P,   Forrest   G,   et al. :  Infections due to 
Scedosporium apiospermum and Scedosporium prolifi cans 
in transplant recipients: clinical characteristics and impact 
of antifungal agent therapy on outcome.   Clin Infect Dis 
  2005,   40:  89–  99. 

  36.  Kauffman   CA:   Zygomycosis: reemergence of an old pathogen. 
  Clin Infect Dis   2004,   39:  588–  590. 

  37.  Vilchez   RA,   Fung   J,   Kusne   S:   Cryptococcosis in organ 
transplant recipients: an overview.   Am J Transplant   2002, 
  2:  575–  580. 

  38.  Silveira   FP,   Husain   S,   Kwak   EJ,   et al. :  Cryptococcosis in 
liver and kidney transplant recipients receiving anti-thy-
mocyte globulin or alemtuzumab.   Transpl Infect Dis   2007, 
  9:  22–  27. 

  39.  Blair   JE,   Logan   JL:   Coccidioidomycosis in solid organ 
transplantation.   Clin Infect Dis   2001,   33:  1536–  1544. 

  40.  Blair   JE,   Douglas   DD:   Coccidioidomycosis in liver trans-
plant recipients relocating to an endemic area.   Dig Dis Sci 
  2004,   49:  1981–  1985. 

  41.  Vail   GM,   Young   RS,   Wheat   LJ,   et al. :  Incidence of histo-
plasmosis following allogeneic bone marrow transplant 
or solid organ transplant in a hyperendemic area.   Transpl 
Infect Dis   2002,   4:  148–  151. 

  42.  Strategies for safe living following solid organ transplantation. 
  Am J Transplant   2004,   4(Suppl 10):  156–  159. 

  43.  Praz-Christinaz   SM,   Lazor-Blanchet   C,   Binet   I,   et al. : 
 Occupational risk assessment of aspergillosis after renal 
transplantation.   Transpl Infect Dis   2007,   9:  175–  181. 

  44.  Walsh   TR,   Guttendorf   J,   Dummer   S,   et al. :  The value of 
protective isolation procedures in cardiac allograft recipients. 
  Ann Thorac Surg   1989,   47:  539–  544;  discussion 544–545 . 

  45.  Fortun   J,   Martin-Davila   P,   Moreno   S,   et al. :  Prevention of 
invasive fungal infections in liver transplant recipients: the 
role of prophylaxis with lipid formulations of amphotericin 
B in high-risk patients.   J Antimicrob Chemother   2003, 
  52:  813–  819. 

  46.  Tollemar   J,   Hockerstedt   K,   Ericzon   BG,   et al. :  Liposomal 
amphotericin B prevents invasive fungal infections in liver 
transplant recipients. A randomized, placebo-controlled 
study.   Transplantation   1995,   59:  45–  50. 

  47.•  Corcoran   TE,   Venkataramanan   R,   Mihelc   KM,   et al. : 
 Aerosol deposition of lipid complex amphotericin-B 
(Abelcet) in lung transplant recipients.   Am J Transplant 
  2006,   6:  2765–  2773. 

  This article illustrates the preferred deposition of aerosolized 
amphotericin B into the transplanted lung, a limiting factor for the 
use of this prophylactic strategy in single-lung transplant recipients.
  48.  Husain   S,   Paterson   DL,   Studer   S,   et al. :  Voriconazole 

prophylaxis in lung transplant recipients.   Am J Transplant 
  2006,   6:  3008–  3016. 

  49.•  Blair   JE:   Approach to the solid organ transplant patient 
with latent infection and disease caused by Coccidioides 
species.   Curr Opin Infect Dis   2008,   21:  415–  420. 

  This article provides an excellent review of the treatment and 
prevention of coccidioidomycosis following organ transplantation.
  50.  Kowalski   RJ,   Post   DR,   Mannon   RB,   et al. :  Assessing 

relative risks of infection and rejection: a meta-analysis 
using an immune function assay.   Transplantation   2006, 
  82:  663–  668.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


