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          Introduction 

 SOT recipients are at high risk for infections due to the com-
plexity of surgical procedures combined with the impact of 
immunosuppression. The sources of  infections   basically 
originate from the recipient prior to or during transplant, the 
donor organ, and environment exposures [ 1 ]. In general, the 
major types of infection are predicted by the timing of infec-
tions after transplant [ 1 ]. 

    First Month After Transplant 

  Three factors are important in  determining   the risk of infec-
tions during this period. First, as after any surgical proce-
dures,   surgical site infections  (SSIs)   are the most important. 
This in turn is infl uenced by the organs being transplanted, 
the surgical techniques and technical diffi culties. A good 
understanding of the surgical aspects of transplantation and 

their complications is very important in caring for recipients 
after transplantation. Along these lines, specifi c organ trans-
plant predispose patients to unique spectrums of infection: 
urinary tract among renal transplant recipients, intra- 
abdominal infection among liver, small bowel, or multivis-
ceral transplant recipients, and pneumonia among lung 
transplant recipients. Second,   nosocomial infections    such 
as hospital-acquired or ventilator-associated pneumonia, 
catheter- related blood stream infections, antibiotic- 
associated diarrhea, and catheter-related urinary tract infec-
tions are also important and related to the duration of 
hospitalization. Lastly,   donor-derived infections    from 
 bacteria, viruses (i.e. West Nile Virus, Lymphocytic 
Choriomeningitis Virus, Rabies, Human Immunodefi ciency 
Virus, etc.) or parasites ( Trypasonoma cruzi ) and   recipient- 
derived infections    can also contribute to these early onset 
infections. At this stage, the net state of immunosuppression 
has not been prolonged enough to predispose to opportunis-
tic infections. The only virus that might cause signifi cant 
morbidity and mortality early after transplant is   Herpes sim-
plex virus  (HSV)  , which usually reactivates in the recipient; 
the routine use of acyclovir or anti-cytomegalovirus (CMV) 
prophylaxis has signifi cantly reduced its incidence.   

    Between the Second and Sixth Months 
After Transplant 

  This  is   the peaked time for opportunistic infections due to: 
 CMV ,  Aspergillus ,  Pneumocystis ,  Toxoplasma ,  Nocardia,  
and  Listeria . Chronic or latent infections preexisted before 
transplant such as tuberculosis, endemic fungi due to 
 Histoplasma ,  Coccidioides ,  and Blastomycosis , or viral 
infections due to HBV and HCV might reactivate during this 
period. Lastly, late manifestations of donor-derived infec-
tions ( Strongyloides ,  Toxoplasma gondii ,  Leishmania , 
 T. cruzi ) might also occur.   
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    From 6 Months After Transplantation 
and Beyond 

  Most transplant recipients return to full-life in the 
community.    They experience typical infections that non-
transplant patients get, including respiratory virus infection, 
community- acquired bacterial infection, or endemic fungal 
infections. The clinical manifestations might be more severe 
than experienced by non-transplant patients. Furthermore, 
the patients remain at risk for opportunistic infections due to 
 Nocardia,   Listeria, pathogenic moulds, Cryptococcus neo-
formans, and endemic fungi . Patients who receive anti-CMV 
prophylaxis might manifest late onset CMV infection during 
this stage. Reactivation of  Varicella Zoster Virus  might cause 
devastating disease during this stage. 

 At any of these stages, if the patients develop acute rejec-
tion requiring immunosuppression, the above timetable might 
be altered, and the clock of infectious complications is reset. 

 In this chapter, we will focus on organ transplant-related 
infections during the early period after transplant, and dis-
cuss means to prevent them.    

    Surgical-Related Infections 

  The most common infections  encountered   within 
30–90 days after transplant are surgically related, and their 
rates depend on the types of organ transplanted. For the 
past decade, advances in surgical techniques, knowledge 
and refi nement of immunosuppression strategy, and the use 
of antibiotic prophylaxis have signifi cantly reduced SSI 
rate, and the most SSIs are now superfi cial rather than deep. 
Despite this improvement, SSIs remain a problem within 
90 days of transplant, and when occur, are associated with 
prolonged hospitalization stay and cost, as well as graft 
loss. SSIs are classifi ed as superfi cial (limited to skin and 
subcutaneous tissue), deep (affecting fascial, or muscular 
layers) and organ or organ space that is manipulated during 
transplant procedure [  http://www.cdc.gov/HAI/ssi/ssi.
html    . Accessed December 19, 2011]. Cellulitis also occurs, 
and diagnosed by erythema, tenderness, swelling, and 
warmth of skin surrounding the wound. The general risk 
factors for SSIs are those observed with nontransplant gen-
eral surgery, which include recipient’s age, nutritional sta-
tus, underlying diseases, diabetes mellitus, obesity, and 
site/complexity of the procedure. The risk of SSI also 
directly correlates with the dose and virulence of the 
affected pathogen; certain organ transplant, such as intesti-
nal or lungs, involve a higher burden of microbial coloniza-
tion or contamination than others [ 2 ]. Lastly, each type of 
organ transplantation is associated with a set of technical 
and medical problems which predispose to a unique set of 
infectious complications. These organ-specifi c infections 
are discussed below.   

    Kidney Transplantation 

    SSIs 

    Kidney transplant      is considered a clean-contaminated proce-
dure since it involves bladder opening which might cause 
urine spillage into the operative fi eld [ 3 ]. The SSI rate is now 
~5 %, a rate consistent with the nontransplant urologic pro-
cedures [ 3 ]. Older donor age, and surgical transplant compli-
cations such as vein or artery thrombosis/stenosis, perigraft 
hematoma, urinomas, urinary leaks, and lymphoceles might 
predispose to SSIs. Fortunately, most SSIs are superfi cial 
and mainly related to contamination from the skin organisms 
or from urine spillage during bladder opening and anastomo-
sis. Opening the wound and enabling it to heal by secondary 
intention are usually adequate as treatment of superfi cial 
SSIs, but antibacterial agents should be considered in the 
presence of cellulitis and/or systemic symptoms [ 3 ]. Deep 
infections are generally related to complications such as uri-
nary leaks, and generally require drainage and antimicrobial 
agents; surgical repair might also be required. 

 Most SSIs are caused by bacteria, with aerobic Gram pos-
itive cocci ( Staphylococcus aureus ,  S. epidermidis , 
 Enterococcus  spp.) and Gram negative bacilli (enteric organ-
isms, and less commonly  Pseudomonas aeruginosa ) pre-
dominate. Fungal infections, mostly due to  Candida  spp., 
affect ~1 in 1000 kidney transplant [ 4 ], and manifest as sur-
gical site infection, infected urinoma, graft abscess, and arte-
ritis [ 4 ]. Positive blood culture for Candida early after kidney 
transplant should prompt the diagnosis of  Candida  arteritis 
since this is associated with very poor outcome and often 
requires nephrectomy [ 4 – 6 ].    

    Urinary Tract Infection (UTI) 

  UTI is the most common infection after  kidney transplant  , 
affecting 23–75 % of recipients [ 7 ]. It mostly occurs within the 
fi rst 3–6 months after transplant [ 8 ]. These early onset UTIs 
are associated with a higher rate of pyelonephritis, septicemia, 
and recurrence or relapse than later onset UTIs. Of note, 60 % 
of bacteremia after transplant is related to the urinary tract, 
and 50 % of the bacteremic UTIs are associated with technical 
complications such as ureteral leaks or stricture, or with peri-
nephric infection. UTIs, especially pyelonephritis, are associ-
ated with long-term graft function and outcomes [ 9 – 11 ]. 

  Risk factors   for UTI can be divided into recipient- and 
donor- specifi c, transplant procedure-specifi c, and posttrans-
plant factors. 

    Recipient-Specifi c Factors 
 Risk factors that predispose  to   posttransplant UTI are similar to 
those in the general population and include old age, female sex, 
diabetes mellitus, pretransplant need of immunosuppression, 
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urinary abnormality including vesicoureteral refl ux, and 
 history of UTIs. Prolonged dialysis pretransplant and pres-
ence of polycystic kidney disease (especially when this was 
associated with pretransplant upper tract infection) are also 
at higher risk for UTIs after transplantation.  

    Donor Allograft-Specifi c Factors 
 Cadaveric allografts have been associated  with   higher rates 
of UTI and other complications than living donor allograft, 
as they are subjected to longer ischemic time, more severe 
ischemia-reperfusion injury and higher rate of delayed graft 
function. In addition, infected donor kidney, infected organ 
storage perfusate, and allograft trauma also predispose recip-
ients to UTI.  

    Transplant Procedure-Related Factors 
 Retransplantation and transplant techniques  also   predispose 
to UTIs after transplant [ 12 ]. Renal transplants are generally 
performed in a heterotopic position, and the transplant ureter 
is anastomosed via an extravesical technique that may have a 
short anti-refl ux tunnel [ 13 ]. Unfortunately, this does not 
eliminate vesicoureteric refl ux and the subsequent risk of 
UTI. Intraoperative ureteral stents are being used at many 
centers to prevent urinary leakage and ureteral obstruction; 
this leads to an increase risk of UTI, especially when remains 
in place for more than 30 days. Lastly, an indwelling urinary 
catheter is routinely inserted during transplant surgery; the 
duration of indwelling catheter is directly related to the risk 
of UTI after transplant.  

    Posttransplant Factors 
 Graft dysfunction or rejection  and   excessive immunosup-
pression predispose to UTIs. Among the immunosuppressive 
agents, depleting antibodies like antithymocyte globulin and 
antimetabolites like azathioprine and mycophenolate mofetil 
have been associated with a higher risk of UTI. 

 UTI can present as asymptomatic bacteriuria, pyuria, 
acute cystitis, pyelonephritis, and septicemia [ 4 ,  10 ,  11 ,  13 – 15 ]. 
The diagnosis of UTI posttransplant might be diffi cult, since 
immunosuppression and the denervated allograft might mask 
clinical signs and symptoms of infection. 

 Pathogens causing UTIs in the kidney transplant recipients 
are similar to those from the general population, with  E. coli  as 
the most common. Other uropathogens include members of 
the  Enterobacteriaceae  group,  Pseudomonas aeruginosa , 
 Enterococcus  spp., coagulase-negative  Staphylococcus,  and 
 Corynebacterium urealyticum . Unusual bacteria with unknown 
virulence potential such as  Mycoplasma hominis ,  Ureaplasma 
urealyticum , and  Lactobacillus  spp. can cause invasive infec-
tion in kidney transplant recipients. Over the past decade, there 
has been increasing reports of antimicrobial resistance among 
the uropathogens recovered from kidney transplant recipients. 

Indeed, trimethoprim-sulfamethoxazole and fl uoroquinolone- 
resistant uropathgens have been linked with prophylactic use 
of these agents [ 16 ]. More concerning, however, is the fi nding 
of multiple-drug-resistant organisms such as extended spec-
trum β lactamase-producing  Enterobacteriaceae  and vanco-
mycin-resistant  Enterococcus  spp. in the urine of patients 
within 1 month of kidney transplantation [ 17 ]. 

   Candida    is the most common fungal pathogen causing 
UTI and affect ~11 % of kidney transplant recipients. 
Diabetes mellitus appears to be the risk factor. Most of the 
patients with candiduria are asymptomatic, and to date, there 
have not been any reliable diagnostic tests that can differenti-
ate colonization from true infection.  Candida  and   Aspergillus    
are rarely associated with devastating complications such as 
pyelonephritis, candidemia, obstructing fungal ball at the 
ureterovesical junction and arteritis [ 18 ,  19 ]. 

 The management of UTI relies on the clinical manifesta-
tions and onset from transplant (Table  2.1 ). All symptomatic 
UTIs should be treated, and the duration of treatment is dic-
tated by the presence of upper tract disease, severity of infec-
tion or septicemia (Table  2.1 ). For asymptomatic bacteriuria 
during the fi rst 1–3 months after transplant, although there 
have not been any controlled trials to infl uence treatment 
decision, most centers recommend antibiotic treatment, 
since this is the period when the allograft is particularly 
prone to injury, which adversely affects long-term allograft 
function [ 12 ], and UTI might not be clinically apparent due 
to denervation of the allograft and effect of immunosuppres-
sion. For late onset asymptomatic bacteriuria, treatment is 
recommended only for those with associated worsening 
renal function. 

        Antibiotic Prophylaxis 

   Several studies have clearly shown that  antimicrobial pro-
phylaxis      signifi cantly reduces the posttransplant infection 
rates for both living donor and cadaveric renal transplant 
[ 20 ]. The regimen used for prophylaxis, however, has not 
been well defi ned. Single drug regimen is as effective as 
multidrug regimens, and cefazolin is as effective as ceftri-
axone in preventing SSIs. Based on data to date, the 
American Society of Health-System Pharmacists (ASHP) 
recommends cefazolin for renal transplant prophylaxis 
[ 20 ] (Table  2.2 ). For patients with β-lactam allergy, an 
agent effective against Gram positive cocci (clindamycin 
or vancomycin) given in combination with an agent effec-
tive against Gram negative rods (aztreonam or fl uoroquino-
lone) are reasonable alternatives. The duration of 
prophylaxis is restricted to 24 h. Gentamicin might enhance 
the nephrotoxicity of other drugs used in transplant, and 
should be avoided.  

2 Prevention of Perioperative Infections in Organ Transplant Recipients
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    Table 2.1    Management of UTI in  kidney transplant      recipients   

 Recommendations  Note 

  Asymptomatic bacteriuria   There is no consensus recommendation on therapy for this category. 

 Early (within 1–3 months 
of transplant) 

 Consider treatment based on culture and sensitivity. 
 Duration: 5–7 days. 

 Because most UTIs are asymptomatic, a 
routine screening strategy of urine 
analysis and culture is performed at 
many transplant centers during the fi rst 
1–3 months after transplant. 

 Late (after 3 months)  No data to support antimicrobial therapy, but many centers prefer to 
treat patients with associated worsening in renal function. 

 Antimicrobial therapy beyond 
1 month of transplant does not sustain 
sterilization of urine, prevent subsequent 
UTIs or improve graft function. 

  Symptomatic UTI  

 – Empiric treatment with broad spectrum antibiotic (based on 
patient’s previous UTI history and local antibiogram), which can 
be tailored based on culture and sensitivity. 

 – Consider removing ureteric stent. 
  Duration: 7–10 days for lower tract infection, and 14–21 days for 

upper tract infection and septicemia. 

 If patient does not respond, consider 
renal or perinephric abscess or 
emphysematous pyelonephritis. 

 Recurrent symptomatic 
UTI 

 Consider imaging (CT scan of kidney, cystoscopy, etc.). If no 
abnormality identifi ed, consider treatment to 6 weeks 

 Candiduria  Remove urinary catheter, stent. Treat with an antifungal agent 
(preferably an azole if susceptible) for symptomatic infection, 
persistent candiduria, neutropenia, or impending urologic procedure. 

    Table 2.2     Antimicrobial prophylaxis   recommendations for specifi c  solid organ transplant   organs   

 Organ transplant 
 ASHP recommendation 
(agents, duration) 

 Common practices at various transplant 
centers a   Notes 

 Kidney 

 Antibacterial  Cefazolin a  
 Duration: <24 h 

 Ampicillin-sulbactam 3 g IV 
 Duration: <24 h 

 Antifungal  Not recommended  Not recommended 

 Pancreas or kidney-pancreas 

 Antibacterial  Cefazolin a  
 Duration: <24 h 

 Ampicillin-sulbactam 3 g IV or 
piperacillin-tazobactam 4.5 g IV 
 Duration: 24–48 h 

 Antifungal [ 98 ]  Fluconazole for patients at 
high risk for fungal 
infection c  

 Fluconazole 400 mg daily 
 2 weeks (1–4 weeks) c  

 Risk factor for candida infection: enteric 
drainage of the pancreas. c  
 There have not been any controlled trials to 
support antifungal prophylaxis practice. 

 Liver 

 Antibacterial  Piperacillin-tazobactam or 
cefotaxime plus ampicillin 
 Duration: <24 h 

 Ampicillin-sulbactam 3 g IV 

 Antifungal [ 98 ,  99 ]  Targeted prophylaxis: 
 For patients at high risk 
for  Candida  infections: 
fl uconazole 
 Duration: up to 4 weeks 
 For patients at high risk 
for mould infections: 
Liposomal amphotericin B 
(3–5 mg/kg/day) or an 
echinocandin 
 Duration: up to 4 weeks or 
during initial hospital stay 

 Fluconazole 400 mg daily or 
echinocandin or a lipid formulation of 
amphotericin B 
 Duration: up to 4 weeks or during 
initial hospital stay 

  Risk factors for candida infections : prolonged or 
repeat operation, retransplantation, renal failure, 
choledochojejunostomy, Candida colonization, 
requirement for transfusion of >40 units of 
blood products. 
  Risk factors for mould infections : 
retransplantation, renal failure requiring renal 
replacement therapy, reoperation involving 
thoracic or abdominal cavity. 
 There have not been any controlled trials to 
support antifungal prophylaxis practice. 

 Heart 

 Antibacterial  Cefazolin 
 <24 h 

 Cefazolin 1 g IV (or 2 g for weight 
>80 kg) 

 Patients with indwelling VAD might benefi t 
from coverage of the infected microorganisms. 

(continued)
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        Pancreas or Kidney–Pancreas Transplant 

  Pancreas transplantation   is considered a clean-contaminated 
surgery. Several factors predispose pancreas and kidney–
pancreas transplant recipients to infections. First, individu-
al’s diabetes mellitus might be complicated by vascular 
insuffi ciency that leads to poor vascular fl ow and impaired 
wound healing after transplant. Second, renal failure pre-
transplant is a risk factor for infection. Third, during trans-
plant, spillage from the contaminated donor duodenum, 
which is used in the anastomosis between the pancreatic 
graft and either the intestine (enteric drainage) or bladder 
(bladder drainage) can contaminate the abdominal cavity. 

Lastly, anastomotic leaks leading to intra-abdominal infec-
tion can occur after pancreas transplant. In general, the site 
of drainage of pancreas transplant has important implica-
tions for infectious complications: enteric drainage poses a 
risk of abdominal and graft infections, whereas bladder 
drainage poses a high risk for urinary tract infections. 

    SSIs 

  SSIs      occur in 7–35 % of pancreas transplant recipients, and 
are more common after kidney–pancreas transplantation 
than kidney transplant alone [ 21 ]. Similar to kidney trans-
plantation, superfi cial wound infections after kidney–pan-

Table 2.2 (continued)

 Organ transplant 
 ASHP recommendation 
(agents, duration) 

 Common practices at various transplant 
centers a   Notes 

 Antifungal  Not addressed  Some centers offer targeted anti-mould 
prophylaxis: voriconazole or 
itraconazole 200 mg bid 
 50–150 days, or until risk factors 
resolve 

 Antifungal prophylaxis is recommended for the 
followings: isolation of  Aspergillus  species in 
respiratory tract cultures, reoperation, CMV 
disease, posttransplant hemodialysis, and 
existence of an episode of invasive aspergillosis in 
program 2 months before or after heart transplant. 
 There have not been any controlled trials to 
support antifungal prophylaxis practice. 

 Lung 

 Antibacterial  Cefazolin 
 Duration: <24 h 
 Regimen should be 
modifi ed to cover for 
potential pathogens, pre- 
and posttransplant cultures 
from the recipients, as well 
as donor culture 

 Cefepime 2 g IV q12h or Aztreonam 
2 g IV q8h + Vancomycin 1 g IV q12h 
 Duration: 48–96 h (if sterility cultures 
are negative)b 
 Regimen should be modifi ed to cover 
for potential pathogens, pre- and 
posttransplant cultures from the 
recipients, as well as donor culture 

 If sterility cultures are positive for pathogenic 
bacteria, the duration of antimicrobial 
prophylaxis is extended to 7–10 days. 

 Antifungal  Targeted prophylaxis 
according to local fungal 
epidemiology, and risk 
factors for fungal 
infections 

 Voriconazole or itraconazole 200 mg 
BID or inhaled amphotericin B 
 Duration: not known (up to 4 months) 

 Optimal antifungal prophylaxis is not known. 
AST Infectious Diseases Community of 
Practice recommends targeted prophylaxis for 
the following risk factors: (1) Pre, peri- or 
posttransplant colonization with  Aspergillus ; or 
(2) ≥1 of the followings: induction with 
thymoglobulin or alemtuzumab, single lung 
transplant, acquired hypogammaglobulinemia. 
To date, there have not been any studies 
validating the effi cacy of this approach. 

 Small bowel 

 Not discussed  Aztreonam 2 g IV q8h + vancomycin 
1 g IV q12h + metronidazole 500 mg 
IV q8h or piperacillin- tazobactam 
4.5 g IV q8h or a carbapenem 
 Duration: 48–96 h or until surveillance 
enteroscopy demonstrates integrity of 
the intestinal allograft 

 Fluconazole 400 mg daily 
 Duration: until surveillance 
enteroscopy demonstrates integrity of 
the intestinal allograft [ 98 ] 

 In some centers, anti-mould prophylaxis are 
targeted for: multivisceral transplant, abdominal 
reoperation, anastomotic site disruption, graft 
rejection, augmentation of immunosuppression 

   a Commonly used at various transplant centers 
  b For patients with b-lactam allergy, a combination of either vancomycin 1 g IV or clindamycin 600 mg IV with either aztreonam 2 g IV or a fl uo-
roquinolone is an effective alternative 
  c In the settings of high rates of non- C. albicans  infection, either an echinocandin or a lipid formulation of amphotericin B is recommended  
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creas transplantation are often caused by Gram positive 
cocci. Deep wound infections are more severe, and usually 
associated with intra-abdominal infections, and involve 
polymicrobial organisms of bacteria and  Candida  in ~50 % 
of the cases [ 22 ]. Donor’s duodenum contamination, diabe-
tes mellitus, and recipient’s obesity predispose to SSIs [ 21 , 
 23 – 25 ].  

    Intra-abdominal Infections 

  Intra-abdominal infections      are among the most serious compli-
cations after pancreas transplant, occurring in ~5–10 % of 
patients. It is associated with graft loss and can be life threaten-
ing. Sources of infection includes donor duodenum duodenal 
leaks associated with enteric drainage, and graft infl ammation 
or pancreatitis. The risk factors include donor age, obesity, and 
recipient’s need for peritoneal dialysis and duration of dialysis 
pretransplant. Similar to SSIs,  intra-abdominal infections after 
pancreas transplant are  polymicrobial with bacteria and yeasts. 
Common organisms are  Enterococcus  spp.,  Escherichia coli , 
 Klebsiella  spp., and  Pseudomonas  spp. [ 22 ,  26 ]. ESBL- 
producing and carbapenem-resistant Gram negative rods have 
recently been reported [ 27 ]. Polymicrobial and fungal infec-
tions are associated with a higher mortality rate than monomi-
crobial bacterial infections. Fungal infection can lead to iliac 
artery mycotic aneurysm that might rupture [ 28 ]. Intra-
abdominal infection is associated with a poor graft survival at 
1-year, a high rate of graft removal at 50 % [ 26 ], and a mortality 
rate of 6–20 % [ 26 ,  29 ,  30 ].  

    UTIs 

  UTIs      develop in a very high percentage of patients after 
pancreas or kidney–pancreas transplant, and 10–20 % of 
these have recurrent infections. Risk factors for UTI in 
pancreas transplant recipients are related to neurogenic 
bladder as a complication of diabetes mellitus, alkalization 
of the urine from bicarbonate in the pancreatic secretions 
among patients with bladder drainage, indwelling Foley 
catheters, and contamination from the donor’s duodenum 
[ 31 ,  32 ]. The most common isolated organisms are 
 Enterococcus ,  Candida  spp., and  Pseudomonas aeruginosa  
[ 17 ,  22 ,  31 ,  32 ].  

    Bacteremias 

  Bacteremias      affect ~26 % of pancreas transplant patients, 
and are common within the fi rst 3 weeks after transplant, 
especially among patients with enteric drainage [ 33 ]. 
Overall, bacteremia is associated with a higher mortality and 
graft loss, as well as higher rate of rejection [ 33 ].  

    Antimicrobial Prophylaxis 

   Due to the high rates of SSIs  after      pancreas transplant and 
their association with poor outcome, antimicrobial prophy-
laxis has become routine for pancreas transplant despite the 
lack of placebo-controlled studies. A single dose of cefazolin 
to donors and recipients appears effective in one nonrandom-
ized study [ 34 ]. Another small randomized trial showed no 
signifi cant impact of vancomycin given in conjunction with 
another antibacterial agent on infections due to Gram positive 
bacteria [ 35 ]. Given these fi ndings, the ASHP recommend a 
single dose of cefazolin, or in the event of β-lactam allergy, 
combination of clindamycin or vancomycin with either aztre-
onam or a fl uoroquinolone (Table  2.3 ). For patients with VRE 
colonization, an effective anti-VRE agent should be used 
(linezolid or tigecycline). Due to the high rate of candida 
infection in SSI, ASHP also recommends fl uconazole pro-
phylaxis for pancreatic transplant patients, especially those 
undergoing enteric drainage [ 20 ]. In settings of high preva-
lence of infections due to non- C. albicans  spp., amphotericin 
B or caspofungin is a reasonable alternative antifungal agent.  

        Liver Transplant 

  Liver transplantation   is a long and complex procedure, and at 
best, a clean-contaminated surgery. The most consistently 
identifi ed risk factors for infections after liver transplantation 
are duration of surgery and retransplantation [ 36 – 38 ]. Other 
surgical risk predisposing to infections are previous hepatobi-
liary surgeries, intraoperative blood transfusions of >4 units, 
intra-peritoneal blood, and prolonged total ischemia time [ 36 , 
 37 ,  39 ].  Roux-en-Y choledochojejunostomy   is also a risk fac-
tor for transplant-related infections, as it predisposes to refl ux 
of bowel fl ora into the biliary system. Lastly, complications 
from liver transplant, such as portal vein thrombosis, hepatic 
artery thrombosis, biliary leaks or stricture, affect 54–67 % of 
patients [ 38 ,  40 – 42 ], and predispose to infections. 

    SSIs 

    SSIs      affect 4–48 % despite prophylaxis [ 43 ], and the major-
ity of these are related to transplant technical problems. 
Peritonitis, bilomas, intra-hepatic abscesses, and cholangitis 
are most common infections, accounting for 27–48 % of all 
bacterial infections early after transplant [ 44 ]. Peritonitis and 
abscesses may complicate biliary anastomotic leaks, which 
are especially common after living donor transplant. Other 
risk factors include Roux-en-Y choledochojejunostomy, pro-
longed intraoperative time, human leukocyte antigen mis-
matches, low serum albumin levels, ascites, increased 
transfusion requirements, and severe obesity.  Bilomas  occurs 
in 12 % of patients after liver transplant in one study [ 45 ]. 
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These are intrahepatic or perihepatic fl uid collections that 
develop as complications of hepatic artery thrombosis or ste-
nosis, and biliary necrosis, stricture, or leaks [ 40 ,  45 ,  46 ]. 
Broad-spectrum antibiotics and percutaneous drainage have 
varying degrees of success. If bilomas are associated with 
hepatic artery thrombosis, retransplantation is generally 
required. 

 SSIs are largely due to organisms colonizing the recipi-
ents’ intestinal tract or skin pretransplant. MDR enteric Gram 
negative bacteria and  Enterococcus  (including vancomycin- 
resistant  E. feacium ), and  Candida  spp. are common infec-
tions in liver transplant recipients, especially in transplant 
centers using selective bowel decontamination [ 47 ].   Candida    
affects 53–68 % of liver recipients [ 48 ,  49 ], and manifests as 
intra-abdominal abscess, peritonitis, or candidemia. Risk fac-
tors for invasive candidiasis includes Roux- en- Y choledo-
chojejunostomy, prolonged operative time (≥11 h) requiring 
>40 units of blood product, and  Candida  colonization or 
infection within 3 months of transplantation.    

    Antimicrobial Prophylaxis 

   As for pancreas transplant, due the  high      complexity of surgi-
cal procedure and high rates of infection, antibiotic prophy-
laxis has been a standard approach for liver transplantation 
despite the lack of controlled studies. ASHP recommends 
piperacillin-tazobactam or cefotaxime plus ampicillin [ 20 ], 
but many centers, including ours, use ampicillin-sulbactam 
(Table  2.2 ). For patients colonized with VRE, tigecycline is 
a reasonable alternative; some other centers add linezolid to 
the standard antibiotic regimen. For patients at high risk for 
Candida infection (choledochojejunostomy, known Candida 
colonization, and transfusion of >40 units of blood prod-
ucts), fl uconazole may be considered for prophylaxis after 
transplant. Since invasive aspergillosis has the highest mor-
tality in liver transplant recipients compared to other SOT 
recipients [ 50 ], some but not all transplant centers also con-
sider an anti-mould prophylaxis with an echinocandin or an 
amphotericin B product for patients at high risk for mould 
infection (retransplantation, renal failure requiring renal 
replacement therapy, fulminant hepatic failure as indication 
for transplant, and intra-abdominal or thoracic reexploration 
within the fi rst month after transplantation) [ 51 ].     

    Intestine or Multivisceral Transplant 

  Intestine or multivisceral  transplantation   is a complicated 
and diffi cult surgery that takes at least 8–10 h. It is consid-
ered as a contaminated, and sometime even dirty surgery. 

As a consequence, the rates of infections associated with 
intestinal transplantation are higher than those reported 
with other organ transplant. Isolated intestinal transplant is 
associated with the lowest risk of infections, whereas mul-
tivisceral transplant is associated with the highest risk [ 52 –
 56 ]. Indeed, over 90 % of multivisceral transplant patients 
have at least an infection after transplant, with the median 
of 5 infections per patient [ 54 ,  57 – 59 ]. This can be 
explained by pre-, peri-, and posttransplant risk factors. 
Pretransplant risk factors include patients’ poor nutritional 
status (with associated secondary immunodefi ciency), 
chronic total parenteral nutrition dependence (with associ-
ated risk for blood stream infection), underlying intra-
abdominal anatomic abnormalities (with associated 
infections and translocation of bacteria), and presence of 
enterocutaneous fi stula (with associated intra-abdominal 
infection and sepsis). Peritransplant factors include com-
plexity of the surgical techniques in the setting of extensive 
intra-abdominal dissection, adhesions from previous 
abdominal surgery, potential intraoperative spillage, and 
the necessity of an intestinal anastomosis. In addition, com-
plications and requirement for reoperation is high due to 
postoperative hemorrhage, vascular and biliary leaks, vas-
cular and biliary obstructions, and intestinal perforation 
[ 53 ]. Intestinal allograft is an immunogenic organ which 
requires intensive immunosuppressive therapy [ 60 ]. 
Posttransplant risk factors include need for indwelling vas-
cular catheters for temporary total parenteral nutrition, bac-
terial translocation arising from ischemia and reperfusion 
injury during the early transplant period, or from episodes 
of rejection. All these factors predispose to intra-abdominal 
abscess, peritonitis, and bacteremia [ 53 ]. The epidemiol-
ogy and types of infections after intestinal and multivis-
ceral transplantation are not as well described as for other 
organ transplant. Overall, bacteremia is the most common, 
followed by SSIs and intra-abdominal infections.  

    Bacteremia 

  Bacteremia      occurs in >60 % of intestinal transplant patients 
[ 61 ,  62 ], and is more common in patients receiving a con-
comitant liver transplantation [ 63 ]. The sources of bactere-
mia are from indwelling vascular catheters and translocation 
of organisms from the GI tract in ~65 %. Bacteremia also 
originates from an infection from a deep-seated site or from 
other nosocomial infection. Bacteremia was polymicrobial 
in ~50 % of the cases [ 59 ], and the most common organisms 
were  Enteroccocus  and  Staphylococcus  spp., followed by 
enteric Gram negative rods.  Candida  sp. accounted for ~3 % 
of bacteremia.  
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    SSIs 

 SSIs, mostly intra-abdominal  abscess      and peritonitis, are 
the second most common infection after intestinal and mul-
tivisceral transplantation.  Staphylococcus  spp.,  Enterococcus  
spp.,  Pseudomonas aeruginosa , and members of the 
 Enterobacteriaceae  group are the most common causative 
agents.  Candida , both  C. albicans  and non- C. albicans  spp., 
are also important pathogens, affecting ~25 % of patients 
[ 64 ]. The risk factors of deep-seated candida infections 
include use of broad spectrum antibiotics, use of induction 
immunosuppression for transplant, anastomotic leaks or 
intra-abdominal collections, the need for multiple abdominal 
surgical procedures, and the presence of a multivisceral graft 
[ 55 ]. Abscesses are not always accessible to percutaneous 

drainage and may require laparotomy. In multivisceral trans-
plant recipients, graft pancreatitis with bacterial or candida 
superinfection might also occur, in which case, the mortality 
rate is high.  

    Antimicrobial Prophylaxis 

 Since small bowel or  multivisceral      transplantation is a 
 contaminated procedure, all patients should receive antimi-
crobial prophylaxis. There has not been any ASHP recom-
mendation specifi cally for small bowel transplant (Table  2.3 ). 
The prophylaxis regimen should cover for the intestinal 
enteric fl ora; commonly used antimicrobial prophylaxis regi-
mens include piperacillin-tazobactam, ampicillin- sulbactam, 

      Table 2.3     Prophylaxis   against  opportunistic   infection   

 Agent  Alternative  Note 

  Pneumocystis jerovicii   Trimethoprim (TMP)/sulfamethoxazole (SMX) 
 1 single strength (80 mg TMP) daily or 1 double 
strength (160 mg TMP) three times a week 
 Duration: 6 months to 1 year. The duration is 
usually extended to beyond 1 year for lung 
transplant recipients (lifelong prophylaxis), 
patients receiving higher degrees of 
immunosuppression, or those with chronic viral 
infections 

 Aerosolized pentamidine 
300 mg once a month 
 Dapsone 100 mg daily a  
 Atovaquone 1500 mg daily 

 TMP-SMX may also 
provide protection against 
 Toxoplasma  and  Listeria  
species. 

  Toxoplasma gondii   For heart transplant, donor serology+/recipient 
serology−: TMP-SMX 1 single strength (80 mg 
TMP) daily or 1 double strength (160 mg TMP) 
three times a week 
 Duration: Lifelong 
 For recipient serology +: TMP/SMX as for PJP 
prophylaxis 

 Prophylactic regimen for 
high-risk patients is not known 
 – Clindamycin- pyrimethamine 

has been used successfully 
 – Other potential regimens 

include: sulfadiazine, 
dapsone, atovaquone, 
clindamycin in combination 
with pyrimethamine or 
primaquine 

 Patients at highest risk for 
toxoplasmosis are heart 
transplant recipients with 
pretransplant Toxoplasma 
serology negative who 
receive an organ from a 
donor with positive 
serology. 

 Cytomegalovirus [ 100 ]  Universal prophylaxis or preemptive therapy 
  Universal prophylaxis : valganciclovir 900 mg PO 
daily 
 Or ganciclovir 5 mg/kg IV daily IV 
 Duration: 
 1. CMV D+/R−: 3–6 months for all organs except 

for lungs (12 months) 
 2. CMV R+: 3 months for all organs except for 

lungs (6 months) 
  Preemptive therapy : weekly CMV PCR or pp65 

antigenemia for 12 weeks after transplantation. 
For positive CMV threshold: treat with 
valganciclovir 900 mg PO BID or IV 
ganciclovir 5-mg/kg IV q12h until negative test 

 Patients at highest risk for 
CMV disease are those 
recipients with 
pretransplant CMV 
serology negative who 
receive an organ from a 
donor with positive 
serology (D+/R−); those 
with latent CMV infection 
who require treatment 
with antilymphocyte 
antibodies as a part of 
induction therapy or for 
graft rejection. 

 Herpes simplex (HSV) 
infection [ 101 ] 

 Acyclovir 400–800 mg PO BID or valacyclovir 
500 PO BID for ≥1 month 
 (Ganciclovir or valganciclovir is effective for 
HSV prophylaxis) 

  Both universal prophylaxis and preemptive therapy strategies are equally effective in preventing CMV disease [ 102 ], but only universal prophy-
laxis reduces CMV organ disease among patients at highest risk (CMV D+/R− and induction with anti-lymphocyte antibodies), reduces rate of 
allograft rejection, bacterial and fungal infections, and death [ 103 ] 
  a Screen for glucose 6-phosphatase dehydrogenase defi ciency before prescribing this drug  
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and aztreonam + vancomycin with or without metronidazole. 
Candida prophylaxis with either fl uconazole, an echinocan-
din, or an amphotericin B product should also be in the pro-
phylaxis regimen. The duration of prophylaxis is not known, 
and is center-specifi c. Duration of 3–7 days is likely adequate, 
although many centers maintain antimicrobial prophylaxis 
until surveillance enteroscopy demonstrates integrity of the 
intestinal allograft (Table  2.3 ).   

    Heart Transplant 

   Heart transplant   is considered a clean surgical procedure. 
However, the SSI rates after heart transplant are higher than 
those of other general cardiac surgeries, with the rates of 
superfi cial and deep SSIs after heart transplant ranging from 
4 to 16 % and 2 to 35 %, respectively, compared with those of 
general cardiac surgeries of 8 % and 2 %, respectively [ 20 , 
 65 ]. Even with antimicrobial prophylaxis, the rates of SSI 
remains at 5.8–8.8 %. Risk factors associated with SSI 
include: recipient age, BMI > 30 kg/m 2 , female sex, previous 
cardiac procedure, receipt of ciprofl oxacin as a single antibi-
otic prophylactic agent [ 66 ], and hemodynamic instability 
requiring inotropic support [ 20 ]. In addition,  ventricular 
assist devices (VADs)  , especially when associated with 
infection, have been identifi ed as risk factor for post-heart 
transplant SSI in several reports. Importantly, patients with 
device infection have signifi cantly worse outcome in term of 
survival at 1 and 10 years after transplant. Although superfi -
cial SSIs are relatively easy to treat, deep SSIs such as medi-
astinitis and sternal wound infection, which affect 3–10 % 
of heart transplant recipients, are diffi cult to diagnose and 
treat, and prognosis is poor [ 67 ,  68 ]. Unlike in non- 
immunosuppressed patients, heart transplant patients with 
mediastinitis may not present with signs and symptoms of 
infection. For example, in one study, fever, chest wall ery-
thema, or purulent discharge were present in only 30 % of 
patients, and leukocytosis in only 40 % of patients. Chest 
wall pain, in disproportion to sternotomy, appears to be the 
most common symptoms. Chest CT is sensitive in depicting 
mediastinal fl uid collection or air. Once diagnosis is made, 
aggressive surgical debridement and appropriate antibiotic 
[ 69 ], followed by placement of vacuum-assisted drainage 
have been effective in controlling infections. 

 As with other cardiac surgeries, Gram positive organisms 
such as  S. aureus  and  Enterococcus faecalis  are primary 
causes of SSI after heart transplant. Gram negative bacilli, 
especially  E. coli  and  Acinetobacter , have also been reported. 
Lastly, fungi, such as  Candida  and  Aspergillus , occur much 
more commonly in heart transplant than other cardiac proce-
dures. The rates of invasive aspergillosis range from 1 to 
14 % [ 70 ,  71 ], and depend on whether or not the center 
employ antifungal prophylaxis. 

  Toxoplasmosis   is a preventable, uncommon but fatal 
infection. Toxoplasmosis can occur after any organ trans-
plant [ 72 ], but is most important after heart transplant because 
the  Toxoplasma  cysts are commonly found in muscle tissues. 
The highest risk group is transplanting a donor with 
 Toxoplasma  seropositivity into a seronegative recipient; the 
risk in this setting in the absence of prophylaxis is as high as 
75 % [ 73 ]. The most common manifestations after transplant 
are myocarditis, brain abscess, pneumonia, empyema, or dis-
seminated infection. Toxoplasmosis typically occurs between 
25 and 195 days posttransplant. Primary infection transmit-
ted by the donor organ is generally more severe than that due 
to reactivation of latent infection in the recipient [ 74 ].  

    Antimicrobial Prophylaxis 

   Although  there      has not been any randomized controlled trial 
to assess the need of antimicrobial prophylaxis, based on 
data of other types of cardiac procedures, antimicrobial pro-
phylaxis is considered standard practice. ASHP recommends 
a single dose of cefazolin for all patients undergoing heart 
transplantation. For patients with a history of MRSA coloni-
zation or infection, vancomycin should be considered. For 
patients with a β-lactam allergy, vancomycin or clindamycin 
are reasonable alternatives. ASHP recommends <24 h of pro-
phylaxis but many centers are given for 24–48 h. The dura-
tion of antimicrobial prophylaxis for patients who do not 
have their chest primarily closed is unclear; many centers 
continue prophylaxis until the chest is closed, but there is no 
evidence to support this practice. 

 Patients with an indwelling VAD or Extracorporeal 
Membrane Oxygenation (ECMO) and no history of device- 
related infections should receive the standard antimicrobial 
prophylaxis as patients with no devices. For those patients 
with previous history of device-related infections, antimicro-
bial prophylaxis should be effective against these organisms. 
The duration of antimicrobial prophylaxis might be longer 
than 24–48 h, based on the presence or absence of retained 
infections at the time of transplant. 

 Antifungal prophylaxis in heart transplant is a controver-
sial issue. Although universal antifungal prophylaxis with 
either itraconazole or inhaled amphotericin B during the fi rst 
3 months of transplant is safe and effective, considering the 
low incidence of invasive aspergillosis after heart transplant 
recipients, targeted prophylaxis is widely preferred [ 75 ]. The 
major indications for targeted antifungal prophylaxis are: 
retransplantation, reoperation, end-stage renal disease requir-
ing hemodialysis, Cytomegalovirus disease and existence of 
another patient with invasive aspergillosis in the heart trans-
plant program within 3 months of the transplant procedure 
[ 76 ]. The typical recommended duration of antifungal pro-
phylaxis is 3 weeks after the resolution of the risk factors.     
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    Lung Transplant 

 Lung transplant is considered a  clean-contaminated surgery  . 
Infections are the most common complications after lung 
transplant, and account for ~25 % of death within the fi rst 
year. Lung transplant is particularly at risk for respiratory tract 
infection because of the blunted cough from allograft denerva-
tion, impaired mucociliary clearance due to ischemic reperfu-
sion injury to the bronchial mucosa, and exposure of the 
allograft to the external environment. In addition, since there 
is no direct blood supply to the donor bronchus and bronchial 
anastomosis, and circulation to this area depends on collateral 
circulation from the pulmonary arteries, airway ischemia is a 
serious problem early after lung transplantation, leading to 
airway complications such as bronchial stenosis, dehiscence, 
malacia, and necrosis; these may in turn facilitate colonization 
with subsequent infection by bacterial or fungal pathogens. 

    Tracheobronchitis and Endobronchial Infection 

 Tracheobronchitis and  endobronchial infection         are unique 
forms of airway infections that typically develop within the 
fi rst 3 months of lung transplantation. The diagnosis is sug-
gested by bronchoscopic fi ndings of airway purulence, pseu-
domembrane, endobronchial plaques with or without 
necrosis or dehiscence, and confi rmed by culture and histo-
pathology. The actual rate of airway infection is not known, 
because it is often incorporated under “lung infection.” Both 
bacteria (like  S. aureus ,  P. aeruginosa , and  Burkholderia  
spp.) and fungi ( Candida  spp. and pathogenic moulds) have 
been implicated in airway infections.  

    Pneumonia 

    Pneumonia      is by far the leading cause of pulmonary infection, 
and affects 10–20 % of patients within the fi rst 30 days of lung 
transplantation despite antibiotic prophylaxis [ 77 ]. Organisms 
causing pneumonia arise either from the recipient’s or donor’s 
respiratory tract, or the hospital environment. Even after the 
source of infection in the native lungs is removed during lung 
transplantation, the patients might continue to be colonized 
with their endogenous fl ora, since the organisms can persist in 
the native upper airways and/or sinuses. Patients with cystic 
fi brosis are at particular risk for severe pneumonia, because 
they are chronically colonized and/or infected with multiple-
drug-resistant bacteria such as  Pseudomonas aeruginosa , 
 Burkholderia  spp.,  Achromobacter , and  Alcaligenes , as well 
as methicillin- resistant  Staphylococcus aureus. Burkholderia 
cenocepacia  causes signifi cant problems and leads to very 
poor outcome among cystic fi brosis patients posttransplant 
due its unique multidrug-resistant patterns; for this reason, 
colonization or infection due to this specifi c organism is con-

sidered a strong relative contraindication for lung transplant at 
many centers. It is important to note that although ~60 % of 
donor respiratory tracts are colonized with organisms, the 
presence of these organisms does not necessarily predict 
pneumonia in lung transplant recipients. Several studies have 
shown that, in the setting of appropriate antibiotic prophy-
laxis, 6–12 % of lung recipients develop pneumonia from 
organisms transmitted from the donor [ 77 ,  78 ]. 

 Lung transplant recipients have a higher rate of invasive 
fungal infections than other organ transplant recipients. 
 Aspergillus  ( A. fumigatus  most common, followed by  A. fl a-
vus ,  A. terreus ) is the most common cause of fungal infection 
following lung transplantation [ 79 ]. Pretransplant coloniza-
tion or a positive intraoperative culture with  Aspergillus  
increases risk of invasive Aspergillus infection after trans-
plant [ 80 ]. Other risk factors predisposing to invasive fungal 
infection include airway ischemia, receipt of a single lung 
transplant, fungal sinusitis, neutropenia, hypogammaglobu-
linemia, receipt of thymoglobulin or augmentation of immu-
nosuppression for cellular rejection, intercurrent viral 
infections (CMC, respiratory viruses, etc.), renal failure 
requiring hemodialysis, and mechanical intervention of the 
airway (such as airway stenting or ballooning) [ 81 ]. 

 In the early period after lung transplant, airway disease 
due to  Aspergillus  (tracheobronchial aspergillosis) is more 
common than parenchymal disease (pneumonia) [ 82 ,  83 ]. 
Tracheobronchial aspergillosis occurs in ~5 % of all lung 
transplant patients. Cystic fi brosis patients with pretrans-
plant  Aspergillus  colonization are at risk for developing tra-
cheobronchial aspergillosis and anastomotic complications 
despite antifungal prophylaxis [ 84 – 86 ]. Airway aspergillosis 
has a wide spectrum of clinical manifestations, ranging from 
simple tracheobronchitis, plaque-like necrotic endobron-
chial lesions, to ulcerative tracheobronchitis and to necrotiz-
ing pseudomembranous formation. Tracheobronchial 
aspergillosis can occur alone, or in conjunction with paren-
chymal disease. It is sometimes diffi cult to differentiate from 
ischemic reperfusion injury, and the diagnosis relies on his-
topathology and microbiology for differentiation. Treatment 
of tracheobronchial aspergillosis involves systemic antifun-
gal therapy in conjunction with inhaled antifungal with or 
without debridement and stent placement [ 87 – 90 ]. In this 
early transplant period when the anastomotic site is devascu-
larized, adjunctive inhaled antifungal agent might be valu-
able since parenteral therapy might not achieve therapeutic 
concentrations. Duration of therapy is not known, but the 
typical approach is to continue antifungal therapy until the 
lesions are cleared on bronchoscopy, or for at least 3 months. 
In general,  Aspergillus  tracheobronchitis has a better 
response rate to antifungal therapy (71–82 %) than pulmo-
nary disease (26–41 %) [ 87 ]. 

 Fungi other than  Aspergillus  spp. such as  Scedosporium , 
 Fusarium , and the agents of mucormycosis and phaeohypho-
mycosis have been increasingly recognized as important 
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pathogens in lung transplantation, causing both airway and 
pulmonary disease [ 91 ]. Diseases due to these non-  Aspergillus  
moulds are associated with mortality rate up to 80 %.    

    SSIs 

   SSIs affect 5–11 % of  lung transplant      recipients, rates which 
are higher than the 1–2 % rate reported for cardiothoracic sur-
gery. Superfi cial SSI is of minor clinical signifi cance. Deep 
SSIs, on the other hand, have been linked with prolonged 
hospitalization stay, high cost, and poor long-term outcome 
[ 86 ,  92 ]. Pleural empyema is the most common, followed by 
surgical wound infections; mediastinitis, sternal osteomyeli-
tis, and pericardis are rare. Of note, mediastinitis and sternal 
infections were not observed among patients undergoing 
minimally invasive lung transplantation [ 92 ]. 

  Empyema   occurs in 3–8 % of patients after lung trans-
plantation [ 86 ,  93 ,  94 ]. Lung transplant recipients are at risk 
for empyema because the organisms within the infected 
native lungs (as in cases of cystic fi brosis or bronchiectasis) 
can spill into the chest cavity during lung explantation. 
Second, development of pleural effusion is almost universal 
after lung transplant due to increased alveolar capillary per-
meability and disruption of lymphatic channel, and the effu-
sion might get infected. Lastly, indwelling chest tubes might 
also predispose to infection.  Empyema   usually occurs within 
the fi rst 6 months following transplant [ 86 ]. Earlier series 
associated empyema with increased patient mortality [ 86 ]. In 
our more recent series, however, empyema is associated with 
less morbidity and mortality than other SSIs [ 92 ]. 
Management requires surgical drainage or placement of a 
chest tube drain in conjunction with effective antibiotic. In 
some cases, empyema may result in signifi cant scarring 
which requires decortication [ 95 ]. 

 The microbiology is diverse. Gram-positive ( S. aureus ) 
and Gram-negative ( P. aeruginosa ,  E. coli ,  Klebsiella  spp., 
and  Acinetobacter ) are the predominant pathogens, but other 
atypical pathogens including  Mycobacterium abscessus , 
 Mycoplasma hominis,  and  Lactobacillus  sp. have also been 
reported. Importantly, in one study, 23 % of SSIs were due to 
pathogens colonizing recipients’ native lungs at time of lung 
transplantation, suggesting surgical seeding as a source.    

    Antimicrobial Prophylaxis 

    Antimicrobial prophylaxis      for lung transplantation is rou-
tinely administered despite the lack of randomized controlled 
trials. ASHP recommends a single dose of cefazolin, but this 
might not be suffi cient, especially for patients with suppura-
tive lung diseases or those with chronic lung infections. Lung 
transplant centers are using broader spectrum antimicrobial 
agents. The general prophylaxis regimen recommendation is 
based on: (1) local antibiogram of common Gram-positive and 

Gram-negative pathogens associated with nosocomial infec-
tion, (2) pathogens previously recovered from a given patient 
and their susceptibility, and (3) pathogens recently recovered 
from the donor’s respiratory (and/or blood) culture. Many 
transplant centers use an anti-pseudomonal antibiotic 
(cefepime, ceftazidime, piperacillin-tazobactam, or aztreo-
nam); vancomycin is added for patients known to be previ-
ously colonized or infected with MRSA. Routine respiratory 
tract cultures of the donor and recipient (called sterility cul-
tures) are performed at the time of transplant, the result of 
which will dictate the subsequent antimicrobial regimen. The 
duration of prophylaxis varies per centers. At our center, we 
stop antimicrobial agents after 3 days if the sterility cultures 
are negative. If the sterility cultures are positive, the antimicro-
bial agent(s) will be modifi ed according to susceptibility data, 
and continue(s) for 7 days; for organisms such as  Pseudomonas 
aeruginosa  or MRSA, the antibiotics are continued for 
14 days. The duration of antibiotics prophylaxis for patients 
with cystic fi brosis might be longer. Although the role of 
inhaled aminoglycosides has not been systematically studied, 
its use has become popular among lung transplant recipients 
with cystic fi brosis or purulent lung disease due to multidrug-
resistant Gram-negative bacteria prior to transplant. 

 Although there are no randomized controlled trials to 
advocate the use of antifungal prophylaxis in lung transplan-
tation, this practice is commonly used among lung transplant 
centers [ 96 ], as evidence exists that antifungal prophylaxis 
decreased the incidence of invasive aspergillosis [ 79 ]. 
Common prophylaxis regimens include a systemic antifungal 
agent (voriconazole or itraconazole) or inhaled amphotericin. 
Inhaled amphotericin B has the advantage of direct delivery to 
the at-risk anastomotic site. The oral suspension of posacon-
azole is not commonly used because of problems with absorp-
tion after transplant (protein pump inhibitor use, requirement 
for nasogastric tube feeding, poor appetite after transplant, 
etc.); the delayed-release tablet provides better bioavailability 
than the suspension and might become a preferred option if 
posaconazole is considered. The optimal duration of prophy-
laxis is not known. Although prophylaxis is effi cacious in pre-
venting invasive fungal infections, late onset fungal disease 
might occur after the antifungal is stopped. The safety of pro-
longed duration of antifungal prophylaxis is not known, and 
there have been links between prolonged voriconazole use 
and the development of squamous cell skin cancer [ 97 ]. 
Clearly randomized controlled trials are needed to defi ne opti-
mal regimens for effi cacy and safety.     

    Standard Prophylaxis Against Opportunistic 
Pathogens 

 In addition to specifi c organ transplant perioperative prophy-
laxis, all solid organ transplant recipients need to receive 
 prophylaxis   against opportunistic infections. Please refer to 
Table  2.3  for specifi c recommendations. 
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 In conclusion, infections occurring after solid organ  trans-
plantation   refl ect the intricate relationship between the net 
state of immunosuppression and environmental exposure. 
Familiarity with the epidemiology, risk factors, and time line 
of posttransplant infections, and surgical techniques and 
complications is necessary to design appropriate antimicro-
bial prophylaxis. Preventing infections is the most important 
method for improving both short-term and long-term mor-
bidity and mortality of organ transplant recipients.     
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