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Gastrointestinal Infections After Solid Organ
or Hematopoietic Cell Transplantation

Christopher J. Damman and George B. McDonald

19.1 Introduction

The gastrointestinal tract is a common site of infection in
patients who are immunosuppressed following either solid
organ (SOT) or hematopoietic cell transplantation (HCT).
Patients undergoing these procedures have many immuno-
suppressive drugs in common, but hematopoietic cell recipi-
ents must also face the toxicity of myeloablative conditioning
regimens, absence of cellular immunity pending engraft-
ment, acute and chronic GVHD, and delayed immune recon-
stitution. Clinical presentations of intestinal infection can be
subtle, and diagnosis of specific infections often requires
endoscopic biopsy of intestinal mucosa. Noninfectious prob-
lems, for example, diverticular bleeding after kidney trans-
plant or intestinal GVHD after allogeneic HCT, may mimic
infections and may also coexist with infection.

19.2  Gastrointestinal Infections After
Solid Organ Transplantation

The frequency of gastrointestinal complications after SOT is
20-35 %, encompassing graft dysfunction and side effects of
immunosuppression including direct side effects, malig-
nancy (often from viral transformation), and infection [1-3]
(Tables 19-1 and 19-2). Despite screening measures and
antimicrobial prophylaxis, infectious complications remain a
major source of morbidity and mortality. Infections occur-
ring in the first month of transplant are distinct from those
occurring later. In the first month most infections are those
present prior to transplant (e.g., urinary tract infection), those
transmitted by the transplanted organ (e.g., CMV infection),
and those related to technical complications of the procedure
(e.g., ascending cholangitis). After 1 month, opportunistic
infections from viruses, fungi, and parasites residing in gas-
trointestinal reservoirs, immunoprivileged sites, or latent
states, along with community-acquired infection, are more
likely to occur [4].
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19.2.1

After renal grafts (KT), gastrointestinal complications,
usually infections, are seen in up to 50 % of patients and
correlate with long-term survival [47-49]. Intestinal isch-
emia is more common problem after KT than after other
organ transplants, particularly in patients with polycystic
kidney disease [50, 51]. A life-threatening infection can lead
to discontinuation of immunosuppressive drugs and the renal
graft sacrificed, as uremia is treatable by dialysis.

Biliary tract and pancreatic infections (cholecystitis,
ascending cholangitis, infected pancreatitis) are common in
KT recipients particularly among patients with diabetes [52],
related to a high frequency of gallstones and to elevated
blood triglycerides, secondary hyperparathyroidism, and
medications, (cyclosporine, azathioprine, and prednisone),
respectively [53, 54].

Cytomegalovirus (CMV) viremia and gastrointestinal dis-
ease are common in KT and KPT, with pancreas recipients at
greater risk due to higher levels of immunosuppression [5,
55]. CMYV disease is a risk factor for rejection of renal grafts
[56]. Preemptive therapy for viremia reduces the frequency
of CMV disease [57]; however, after surveillance has ceased,
CMV can cause enteritis or pneumonia years after transplant
[58]. The peak time for symptoms is about 8 weeks after
transplant. In high-risk patients (donor seropositive and
recipient seronegative), valganciclovir prophylaxis is now
routinely practiced [5, 59]. In high-risk patients receiving
prophylaxis kidney retransplant has been identified as a risk
factor for developing CMV reactivation [60].

In historical KT recipients there was a 20 % incidence of
gastrointestinal hemorrhage likely related to Helicobacter
pylori infection [61, 62]. With treatment of H. pylori before
transplant and use of proton pump inhibitors, ulcer formation
and hemorrhage are now rare (<5 %) after KT [3].

Five to 10% of kidney transplant patients require long-
term immunosuppressive therapy because of chronic rejec-
tion increasing the risk of CMV, EBYV, hepatitis viruses,
papillomavirus, parasites, and fungi [63, 64]. Severe colitis

Kidney and Kidney—Pancreas Transplant
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TaBLE 19-2. Noninfectious causes of gastrointestinal signs and symptoms after solid organ transplantation, by organs transplanted

Heart, lung, Intestine and
Kidney and kidney—pancreas Pancreas Liver and heart-lung intestine—liver
Acute pancreatitis Acute pancreatitis Biliary leak Choledocholithiasis Anastomotic leak

Biliary leak Biliary leak

Bowel perforation

Bowel perforation Graft rejection

Bowel necrosis Bowel necrosis Bowel obstruction Gastroparesis
Bowel obstruction Bowel obstruction Gastrointestinal bleeding GERD/Dyspepsia
Choledocholithiasis Duodenitis Graft rejection Pancreatitis
Duodenitis Enterocutaneous fistula Hepatic artery stenosis Peptic ulcer disease

Graft vessel thrombosis
Graft rejection
Internal hernias

Enterocutaneous fistula
Gastrointestinal bleeding
Graft rejection

Graft vessel thrombosis
Intestinal ischemia

Hepatic artery thrombosis

Pseudoobstruction

and enterocolitis caused by CMV, C. difficile, C. septicum,
cryptosporidia, and enteric bacterial infections have been
described in small numbers of KT patients, usually in case
reports [65-68].

19.2.2  Pancreas Transplant

Pancreas transplant recipients develop all the infections
common to SOT patients, but most of the abdominal prob-
lems that develop are related to the surgery and the grafted
tissue [69, 70]. C. difficile and CMV are most common gas-
trointestinal infections [71]. Surgical complications are
given in Table 19-2 [69] Pancreatitis may develop in the pan-
creatic portion of the graft, causing nausea and vomiting,
bleeding, anastomotic leaks, perforation, and abscesses [69].
Hematuria may be one sign of bleeding of the graft, if blad-
der drainage is used.

19.2.3 Liver Transplant

Gastrointestinal complications unique to orthotopic liver
transplant (OLT) are generally related to the surgery itself
(Table 19-2) [72, 73] and recurrence of the underlying liver
disease, both infectious (see Chap. 14) and noninfectious.

A higher incidence of bacterial (70 %), viral (20 %), and
fungal (8 %) infections are seen in OLT than other solid
organ transplants [74, 75], including enteritis, colitis, ascend-
ing cholangitis, peritonitis, and intra-abdominal abscess.
This high rate of infections may be related to low albumin
state (and ineffective opsonization capacity), decreased bar-
rier function of the intestine, disruption of the luminal integ-
rity with transection of the biliary tract, and iron overload
[75, 76]. Viral infections are associated with increased bacte-
rial infections [77] and increase the risk of allograft injury
and rejection [74, 78].

Most bacterial infections occur within the first 2 months
after transplant [75, 79-81]. A range of bacterial prophy-
lactic regiments have met with mixed results in prevent-
ing surgical site and deep intra-abdominal infections

[75, 82]. Unusual opportunistic infections (Listeria and
Mycobacterium) are more prevalent beyond 2 months after
transplant [75]. Clostridium difficile infects 2.7-15.8 % of
OLT recipients leading to high rates of graft loss, total colec-
tomy, and death [75]. OLT patients with hyperbilirubinemia
and hypoalbuminemia are at increased risk for bacterial
infections (particularly with Pseudomonas) in the setting of
liver biopsy [83].

CMYV infection in OLT recipients is the most problematic
viral pathogen, associated with increased morbidity and
mortality [84]. Prophylactic use of ganciclovir is associated
with an increased incidence of delayed-onset primary CMV
disease, associated with increased mortality. Alternatively,
surveillance for CMV viremia or DNAemia and preemptive
therapy can be effective. Primary CMV infections can occur
in OLT patients who were seronegative at the time of trans-
plant [85-87]. A finding of asymptomatic low-level CMV
viremia after OLT does not require antiviral therapy, but
patients with high-level viremia or CMV disease in the liver,
gastrointestinal mucosa, or lungs are treated (see Chap. 25)
[88, 89].

Herpes simplex virus, VZV, rotavirus, adenovirus, and
norovirus are rarer causes of viral infections in OLT patients.
EBV infections and lymphoproliferative syndromes may
occur in chronically immunosuppressed OLT recipients. The
incidence of adenovirus infection after OLT is 2—6 % and usu-
ally involves the transplanted liver, although other organs can
be infected in the absence of liver involvement [90, 91]. The
incidence of adenovirus infection is lower in isolated OLT
than in combined liver and small intestinal transplant [92].

In the past, OLT recipients frequently developed invasive
fungal infections with mortality rates ranging from 65 to
90 % [93], related to fungal overgrowth in the gut with trans-
location. Current rates of fungal infections are less than 10 %
[94, 95]. Many risk factors for fungal infection have been
identified including dialysis, rejection treatment, CMV infec-
tion, biliary tract disease, use of broad-spectrum antibiotics,
indwelling Foley catheter, and iron overload [93, 96]. Fungal
resistance to fluconazole has led to alternative antifungal
regiments (e.g., micafungin and anidulifungin) [97, 98].
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19.2.4 Heart, Lung, and Heart/Lung Transplant

Some 50% of heart (HT), lung (LT), and heart-lung trans-
plantation (HLT) recipients have gastrointestinal complica-
tions, with up to 20 % requiring surgery [99—101]. In the first
30 days the most common complications are pancreatitis, gas-
troduodenal ulcers, pseudoobstruction, and colonic perfora-
tion. In the ensuing months diarrhea, gastroesophageal reflux
disease (GERD), gastroparesis, dyspepsia, nausea and vomit-
ing, abdominal pain, pancreatitis, CMV, cholelithiasis, ulcers,
and hepatobiliary disease are more common [100, 102, 103].

Symptomatic gastroparesis has been described in 25 % of
LT recipients and up to 80 % in HLT recipients [104, 105].
The course is often waxing and waning, but in most patients,
there is remission of symptoms [104, 106]. Recipients with
GERD and/or gastroparesis are at risk for the development of
obliterative bronchiolitis [102, 104]. Proton pump inhibitors
are useful for reducing reflux; however, if reflux disease is
unremitting, laparoscopic fundoplication may be successful
[107, 108]. Giant gastric ulcers (>3 cm in diameter) have
been described in LT recipients despite use of proton pump
inhibitors. Risk factors include bilateral LT, high-dose
NSAIDs, high-dose corticosteroids, and cyclosporine. The
description of these ulcers suggests decreased mucosal blood
flow from stress or CMV endovascular infection rather than
NSAIDs as the cause [109, 110].

CMYV disease is more frequent after LT and HT than other
organ transplants, presenting most often as pneumonia but
gastrointestinal CMV infection is also common [9]. LT and
HLT recipients have the highest incidence of fungal infection
in SOT. Aspergillus is more common than Candida species.

Adenovirus infections in LT and HLT patients affect primar-
ily the transplanted organ rather than the gut and carry a high
incidence and mortality [111]. HSV, VZV, and EBV cause the
same spectrum of problems in cardiac as in other transplanta-
tion patients. The most serious complication is EBV-related
lymphoproliferative disease. Although most cases are of B-cell
origin, T-cell lymphomas have also been described [112].

Patients undergoing LT for cystic fibrosis experience a
unique set of gastrointestinal complications [113] including
pancreatic insufficiency and secondary biliary cirrhosis
which can complicate absorption of immunosuppressive
medications such as cyclosporine. Distal intestinal obstruc-
tion syndrome occurs in about 20 %. Cystic fibrosis patients
may also experience cholecystitis, peptic ulcer disease,
GERD, and gallstones. Biliary complications occur more
frequently after HT than in the general population. Transplant
patients can undergo elective prophylactic cholecystectomy
as mortality of biliary disease post transplant is high [114].

19.2.5 Intestine and Intestine: Liver Transplant

Most of the complications of intestinal transplant are
related to the underlying intestinal diseases leading to
the transplant (usually short bowel syndrome following
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infarction or extensive Crohn’s disease), rejection of the
graft, and anastomotic leaks [115]. The level of immunosup-
pression to prevent rejection of the graft is high, along with
the frequency of infection by herpesviruses, bacteria, and
fungi. The most common causes of viral enteritis are rotavi-
rus (high-volume watery diarrhea with prolonged viral shed-
ding) [116]; adenovirus (mostly ileal involvement, with
severe symptoms) [92, 117, 118]; norovirus (protracted,
severe diarrhea) [119]; and CMV (now less common because
of ganciclovir prophylaxis but potentially severe) [120]. The
presentation of viral infection often overlaps with signs and
symptoms of rejection. Hence differentiation between viral
infection and rejection is crucial. Two types of malignancy
related to immune suppression have been reported, EBV-
lymphoproliferative disease and de novo cancers of non-
lymphomatous origin [115, 121]. Surveillance for EBV
DNA and preemptive treatment reduces the frequency of
lymphoproliferative disease. Because the continuity of the
intestinal neurons is disrupted by the surgery, intestinal dys-
motility and anorexia can be problematic. Gastrointestinal
symptoms secondary to de novo food allergy has been
reported in three intestinal transplant recipients [122].

19.3 Gastrointestinal Infections
Before and After Hematopoietic
Cell Transplantation (HCT)

HCT recipients are prone to many of the same gastrointesti-
nal infections as SOT recipients, but noninfectious intestinal
complications are much more common after HCT (Table 19-
2) [123]. The current approach to gastrointestinal infection
after HCT emphasizes pretransplant screening for infection,
prophylaxis, early recognition of infection using molecular
methods, and preemptive therapy. Compared to past HCT
experience, gut infections are now less common and only
rarely cause death.

19.3.1 Gastrointestinal Infections Before

the Start of Conditioning Therapy

Unlike SOT candidates, HCT candidates are often immuno-
compromised and have low platelets prior to transplant due
to chemotherapy or the underlying disease process, for
example, a hematologic malignancy or immune disorder.
Pretransplant gastrointestinal problems can be infectious in
origin and require evaluation prior to transplant [124].

In addition to the common causes of upper gastrointestinal
bleeding (gastroduodenal ulcers related to H. pylori or
NSAID use, Dieulafoy lesion, erosive esophagitis), upper
sources of bleeding can be due to mucosal infection caused
by CMV, HSV, VZV, or Candida spp. [124]. In addition to
the usual causes of colonic bleeding (inflammatory bowel
disease, colorectal cancer, telangiectasias, and diverticula),
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bleeding can also be due to infection caused by CMYV,
Entamoeba histolytica, Clostridium septicum (typhlitis), and
rarely Clostridium difficile. Ideally intestinal ulcerations
should be healed prior to undergoing HCT as bleeding will
likely worsen in the setting of more profound thrombocyto-
penia with conditioning therapy. Interestingly, H. pylori
infection in one retrospective study inversely correlated with
the development and severity of GVHD [125].

Patients with immune deficiency disorders and immuno-
suppression caused by hematologic malignancy or its treat-
ment may also present with acute onset diarrhea. In addition
to the common causes of diarrhea (irritable bowel syndrome,
ulcerative colitis, and Crohn’s Disease), infectious causes
should be given special consideration including E. histolyt-
ica, Strongyloides, Giardia lamblia, cryptosporidia,
Clostridium difficile, CMV, rotavirus, and adenovirus [126—
129]. Some infections like Cryptosporidiosis may be resis-
tant to therapy in an immunosuppressed patient [130], but
restoration of normal immunity after allogeneic HCT can
effect clearance of cryptosporidia [131]. Typhlitis is a
syndrome of cecal edema, mucosal friability, and ulceration
in neutropenic patients, often associated with polymicrobial
sepsis and high mortality if left unrecognized and untreated;
its cause is usually intestinal clostridia infection, particularly
C. septicum [132, 133]. Typhlitis occurs in the setting of
induction chemotherapy and is sometimes difficult to distin-
guish from the direct toxic effects of the chemotherapeutic
agents. Typhlitis has become far less frequent since physi-
cians began prescribing empiric antibiotics that cover clos-
tridial organisms in patients with right lower quadrant pain.

Pain near the anal canal in a granulocytopenic patient is
due to bacterial infection until proven otherwise.
Administration of broad-spectrum antibiotics, including
anaerobic coverage, is adequate treatment in most cases,
with surgical incision and drainage reserved for progressive
infections [134]. Extensive supralevator and intersphincteric
abscesses may be present without being apparent on external
examination but can be diagnosed by computed axial tomog-
raphy (CT), magnetic resonance imaging (MRI) or transperi-
neal sonography. Less commonly, perianal inflammation and
ulcers may be due to HSV, CMV, and fungal infections [135].

19.3.2 Gastrointestinal Infections
During the First Year After HCT

After HCT, gastrointestinal infections are now far less com-
mon than gut mucosal and liver injury caused by noninfec-
tious diseases such as the effects of conditioning therapy,
medication side effects, and GVHD [136]. This is largely
due to prophylactic regimens. We also have a better under-
standing of some of the factors that predispose patients to
GVHD and superimposed infections such as vitamin D defi-
ciency [137]. When infections do occur, they usually develop
in the background of these other gut diseases.
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High-dose conditioning therapy damages the oropharyn-
geal and gastrointestinal mucosa, resulting in oral mucositis
anorexia, and diarrhea. Oropharyngeal mucositis may extend
into the esophagus, causing dysphagia and painful swallowing
that mimics infectious esophagitis [138]. Esophageal infec-
tions have almost disappeared as problems after transplant
because of prophylaxis against HSV, VZV, and Candida spe-
cies and preemptive therapy in patients with CMV DNAemia.

Anorexia and nausea caused by conditioning therapy var-
ies in its intensity (myeloablative regimens causing more
severe and more protracted gut mucosal damage) and may
persist beyond day 20. These symptoms are also common
complications of transplant medications such as calcineurin
inhibitors, sirolimus, mycophenolate mofetil, azole antifun-
gal drugs, trimethoprim—sulfamethoxazole, nystatin, and
rarely now, amphotericin B. In years past, herpesviruses were
common causes of nausea, vomiting, and anorexia [139], but
with the exception of sporadic cases of CMV disease, herpes-
virus infections of the upper gut have largely disappeared.

Acute GVHD of the intestine and liver is an immunologic
disorder that results from donor lymphoid cells reacting
against host tissues and usually has its onset 15—40 days after
transplant [136, 139-141]. Gut GVHD can occur earlier if
prophylactic medications (e.g., methotrexate, cyclosporine,
tacrolimus, mycophenolate mofetil) are not given, or later,
following reduced-intensity conditioning regimens [142]. In
most patients, acute GVHD diminishes by day 100, although
in some it can be protracted. Intestinal manifestations of
acute GVHD include nausea and vomiting, profuse watery
diarrhea with protein loss, abdominal pain, bleeding, and
ileus [123]. The diagnosis of acute GVHD can usually be
made on clinical grounds and confirmed by biopsy of target
organs. The syndrome of chronic GVHD occurs 3-9 months
after transplantation. Intestinal problems of chronic GVHD
include esophageal desquamation and stricture formation,
bacterial overgrowth in the small intestine, and chronic cho-
lestatic liver disease [143]. MMF can cause intestinal inflam-
mation and ulcerations in a presentation that is difficult to
distinguish from GVHD [144]. Oral potassium replacement
among other medications can result in esophageal ulcers.
Antibiotic use can lead to alterations in the intestinal flora
and promote intestinal domination with certain fungi and
gram-negative organisms [145]. This may predispose
patients to antibiotic-associated diarrhea, C. difficile colitis,
C. septicum typhlitis, and bacteremia (see Chap. 52).

The most common organisms causing gastrointestinal
infection after HCT are viral (CMYV, norovirus, adenovirus,
rotavirus, and astrovirus) and bacterial (C. difficile) and they
commonly develop in patients with GVHD [146]. Gut infec-
tions that were prevalent 30 years ago have largely disap-
peared because of changes in practice—low microbial foods
during extreme immune suppression, prophylaxis of com-
mon infections, and microbial surveillance with preemptive
therapies [147]. Before fluconazole prophylaxis, problems
formerly caused by fungal infection (esophagitis, enteritis,
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portal fungemia, bleeding ulcers, and hepatobiliary disease)
were not uncommon [148, 149].

Before the advent of serological testing for CMV and pre-
emptive treatment with ganciclovir, gastrointestinal CMV
was the most problematic of the herpes viruses [150]. While
valganciclovir prophylaxis showed no advantage over PCR-
guided preemptive therapy [151], other next generation thera-
pies with fewer side effects than currently used prophylactic
antivirals are in Phase III clinical trials and are likely to be
used widely as routine prophylaxis in the near future [30,
152]. CMV disease usually presents as nausea and vomiting
between 40 and 60 days after transplantation. CMV may be
recovered from ulcerations throughout the intestine even
when molecular methods cannot identify CMV in the
bloodstream [150]. CMV may also be associated with pancre-
atitis and infiltration of neural elements in the intestine [153].

Adenovirus usually causes a mild to moderately severe
diarrheal illness, but severe disseminated disease, with ful-
minant hepatitis and necrotizing enteritis, has been reported
with some serotypes of the virus [154—158]. Other enteric
viruses that cause diarrhea include astrovirus, norovirus, and
rotavirus [129, 141]. EBV-associated posttransplant lym-
phoproliferative disease (PTLD) has a frequency of about
3% [159]. It can develop rapidly in HCT patients, infiltrating
the stomach, intestine, mesentery, liver, and spleen [160].
Poor treatment response to rituximab is determined by age
greater than 30 years, involvement of extralymphoid tissue,
GVHD, poor response to immunosuppressive tapers, and
unchanged EBV viremia [159].

The risk of parasitic diseases has decreased in the setting
of pretransplantation screening and treatment. If patients are
discharged to a less-controlled environment, they may
acquire parasites such as Giardia lamblia and
Cryptosporidium organisms, particularly from infected chil-
dren and drinking water [126, 161, 162]. The diagnosis of
cryptosporidial infection—often missed with standard
microscopy —is best made by PCR of fecal specimens [128].

19.3.3 Gastrointestinal Infections
in Long-Term Transplant Survivors

Intestinal and hepatobiliary complications after the first year
are far less common than earlier post-transplant; most of
these intestinal problems, however, are not related to infec-
tion (Table 19-2). Some patients with extensive chronic
GVHD have esophageal desquamation, webs, submucosal
fibrous rings, bullae, and long, narrow strictures in the upper
and mid-esophagus [143, 163, 164]. The most common
symptom is dysphagia; some patients present with insidious
weight loss, retrosternal pain, and aspiration of gastric con-
tents. Chronic GVHD may cause intractable esophageal dis-
ease if not diagnosed and treated promptly. Patients with
protracted acute GVHD often have symptoms that wax and
wane with intensity of immunosuppressive therapy for up to
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15 years after HCT, with each exacerbation similar to the pre-
senting signs of GVHD that occurred earlier after HCT (sati-
ety, poor appetite, nausea, episodic diarrhea, and weight loss)
[165, 166]. Sporadic cases of fungal and rarely viral esopha-
gitis may occur in patients with chronic GVHD on immuno-
suppressive and antibiotic therapy. Esophageal strictures may
be sequela of earlier herpes virus infection or mucositis.
There are sporadic cases of gut infection with C. difficile,
CMYV, and rarely G. lamblia, Cryptosporidia, rotavirus, and
norovirus, in long-term survivors [143, 161, 162, 167].

Squamous cell carcinoma of the esophagus has been
reported in HCT survivors, usually with concomitant chronic
GVHD of the oropharynx [168]. Myasthenia gravis may also
complicate chronic GVHD, with dysphagia as its presenting
complaint. Intestinal diseases in cell donors have been
reported in their recipients, for example, inflammatory bowel
disease and celiac sprue [169, 170]. Diarrhea, steatorrhea,
and weight loss secondary to pancreatic insufficiency have
developed in some HCT survivors [171].

19.4 Intestinal Microbiota

in Transplant Patients

The gastrointestinal microbiota plays an important role in the
development of infections after both SOT and HCT [172].
Much of our current understanding of the microbiota’s role
in SOT comes from work in patients who have undergone
orthotopic liver transplantation [173, 174]. The microbiota
may predispose patients to nonalcoholic steatohepatitis. In
cirrhosis, the microbiota produces metabolites including
ammonia that contribute to hepatic encephalopathy [175].
Administration of lactobacillus combined with a high fiber
diet has been shown to prevent postoperative infections in
liver transplantation [176]. A study evaluating the effect of
pretransplant rifaximin on the incidence of post-liver trans-
plant infections found no significant difference [82]. In kid-
ney transplants, increased abundance of Faecalibacterium
prausnitzii has been associated with escalation of tacrolimus
levels [177]. The microbiota also influences the immune sys-
tem’s T cell subtypes and likely has direct impacts on trans-
plant outcomes [178].

In HCT the microbiota is impoverished as a result of
administration of systemic antibiotics [179, 180], gut inflam-
mation caused by GVHD [179], and possibly other factors.
The degree to which the diversity is decreased at the time of
engraftment has been shown to predict all cause mortality
after allogeneic HCT [181]. An impoverished microbiota
may effect mortality by leading to worsened GVHD [179,
182], increased risk of enteric infections [183], and increased
risk of bacteremia [145]. Certain probiotic species like
Lactobacillus spp. have been shown to have an ameliorating
effect on the severity of GVHD [182]. Patients with leuke-
mia vs. other forms of hematological malignancy have been
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shown to preferentially develop low diversity states with pre-
dominance of Enterococcus, but the reason is not known
[145]. Increased risk of low diversity may also be associated
with comorbid autoimmune conditions in which dysbiosis
has been shown to be prevalent [184].

19.5 A Problem-Oriented Approach
to Diagnosis of Gastrointestinal

Infections After Transplant
19.5.1 Heartburn, Odynophagia,
and Dysphagia

The organisms responsible for infectious esophagitis are
fungi, viruses, and bacteria, but infections caused by multiple
types of organisms are common in severely compromised,
neutropenic patients [185]. In contrast, less compromised
patients with indolent esophageal infections may present
with chronic dyspepsia and dysphagia; these patients rarely
have deep fungal infections involving the spleen or liver,
probably because of adequate neutrophil function. Less well
appreciated as symptoms of esophageal infection are nausea,
vomiting, and anorexia, which are typical of infection with
herpesviruses. With antimicrobial prophylaxis, preemptive
therapy, and close monitoring, esophageal infections have
become rare and noninfectious causes of esophageal disease
relatively more common (Table 19-3).

19.5.1.1 Fungal Esophagitis

C. albicans is the most common infecting fungal organism,
but other Candida species, other fungi (Aspergillus,
Histoplasma, Cryptococcus, Blastomyces), and some plant
molds may be found in severely immunosuppressed patients
[185-187]. Candida esophagitis can be asymptomatic when
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few adherent plaques are present. Diagnosis is by stains of
brushed or biopsied lesions at endoscopy; cultures cannot
reliably differentiate among normal flora, colonization, and
infection [188], but are useful if an unusual pathogen such as
an azole-resistant Candida species, Aspergillus species,
dematiaceous fungi, Mycobacterium tuberculosis, or bacte-
rial esophagitis is suspected. Rapid viral cultures should be
routine when viral esophagitis is in the differential, even
when fungal esophagitis is obvious.

19.5.1.2  Viral Esophagitis

HSV, VZV, and CMV cause acute ulcerative esophagitis in
the immunosuppressed patient, presenting with excruciating
retrosternal pain in some and in others just nausea, anorexia,
mild heartburn, or bleeding [185]. Reflux of acid-peptic juice
contributes to the persistence of large ulcers. The diagnosis
of HSV esophagitis is made by finding rounded 1-3 mm
vesicles in the mid- to distal esophagus, the centers of which
slough to form discrete, circumscribed ulcers with raised
edges. The discrete ulcerations can coalesce into very large
ulcers, presenting difficulty in diagnosis when there is near-
total denudement of esophageal epithelium. The endoscopist
must attempt to identify HSV-containing ulcer margins or
islands of squamous mucosa from which to obtain samples.
IHC, rapid viral diagnosis, and PCR are essential for diagno-
sis when routine histology is equivocal [185] especially in
patients with gastric stasis, vomiting, or poor salivary flow
(common problems after both HCT and heart-lung trans-
plant). VZV causes typical vesicles and necrotizing pane-
sophagitis in severely immunodeficient patients, with
diagnosis by immunohistologic staining, rapid viral cultures,
and PCR. The esophageal component of VZV infection may
be overshadowed by varicella encephalitis, pneumonitis, and
fulminant hepatitis. Immunohistochemical staining and PCR
are helpful in differentiating VZV infection from HSV. VZV
and HSV esophagitis are rare in patients receiving acyclovir

TaBLE 19-3. Noninfectious causes of gastrointestinal signs and symptoms after hematopoietic cell transplantation, in descending order

of frequency

Heartburn, odynophagia, Anorexia,

dysphagia nausea, vomiting Diarrhea

Abdominal pain Perianal pain ~ Gastrointestinal bleeding

Acid-peptic reflux Mucosal injury from Mucosal injury from

Oropharyngeal conditioning therapy conditioning
mucositis from Acute and protracted therapy
conditioning acute GVHD Acute and protracted
therapy Medications acute GVHD

Chronic GVHD Rarely, brain disorders ~ Medications (see

Pill esophagitis (neurotoxicity, text)

Intestinal lactase,
sucrose deficiency

Peptic strictures hematomas)
Post-infection

strictures
Severe acute GVHD

Intramural hematomas

Intestinal pseudo-obstruction  Anal fissure Acute and protracted

Acute and protracted acute Thrombosed acute GVHD
GVHD external Mucosal injury from

Mucosal injury from hemorrhoid conditioning therapy
conditioning therapy Levator Mallory—Weiss tear

Biliary pain (sludge, stones) muscle Bleeding from mucosal

Hemorrhagic cystitis spasm biopsy site

Acute pancreatitis Gastric antral vascular

Liver pain (SOS) ectasia

Intestinal perforation Bleeding from

Intestinal infarction diverticula

Intramural hematomas
(intestine, abdominal wall)
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prophylaxis. In contrast, CMV never infects squamous epi-
thelium but rather subepithelial esophageal cells leading to
superficial erosions with serpiginous, non-raised borders in
the mid- to distal esophagus. As CMV infection progresses,
shallow ulcerations may deepen, extend for 10-15 cm, and
even become strictured. Multiple biopsies should be obtained
from the bases of the esophageal ulcers, as this is where
CM V-infected sub-epithelial fibroblasts and endothelial cells
reside [189]. Immunohistochemical staining for early, inter-
mediate, and late antigens can confirm the diagnosis of CMV
infection when infected cells are neither megaloid nor
inclusion-bearing. These histologic and immunohistologic
methods, however, are only about half as sensitive as rapid
viral culture methods [189]. If a positive PCR result for
CMYV DNA is not concordant with viral culture, immunohis-
tology, blood assays for CMV DNA, or endoscopic findings,
antiviral therapy should be withheld.

19.5.1.3  Bacterial Esophagitis

Oropharyngeal bacteria may cause esophageal necrosis in
patients who lack granulocytes following HCT [190].
Esophageal symptoms, fever, and bacteremia are the usual
presenting symptoms; tissue Gram stain is needed for diag-
nosis. Mycobacterial esophagitis usually presents an exten-
sion of pulmonary and mediastinal infection caused by
Mycobacterium tuberculosis; primary esophageal infection
has also been described [185, 191].

19.5.1.4  Noninfectious Causes of Esophageal
Symptoms

Infections must be differentiated from noninfectious esopha-
geal disorders (Tables 19-2 and 19-3). It may be difficult to
discern the dominant cause of esophageal mucosal injury
when both infection and another cause of injury are present.
Reflux of gastric contents is particularly problematic after
lung or heart-lung transplant and in the presence of Roux-
en-Y anastomosis in liver transplant patients. Less common
causes of esophageal injury include pill esophagitis, intra-
mural hematomas, and graft-vs-host disease after HCT.

19.5.2 Anorexia, Nausea, and Vomiting

Before effective antiviral prophylaxis and preemptive therapy
after SOT and HCT, herpesvirus infections of the esophagus,
stomach, or intestine commonly caused loss of appetite, nau-
sea, and vomiting in addition to painful swallowing or diar-
rhea [189, 192, 193]. VZV and CMV infections may involve
visceral neurons to produce a pseudo-obstruction picture
with distention and vomiting [194]. Gastric ulcers caused by
CMYV may fail to heal on acid-reducing medications [195].
Nausea and vomiting are common manifestations of commu-
nity-acquired viral gastroenteritis and intestinal parasitic
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infection, especially with G lamblia and Cryptosporidium
organisms [161, 162]. In SOT recipients, H. pylori infections,
particularly those that cause pyloric channel ulcerations, may
cause anorexia, nausea, and poor oral intake, without ulcer
pain (syndrome pylorique) [2]. Central nervous system infec-
tions such as aspergillus are another cause of nausea and
vomiting after HCT; other neurologic signs and, symptoms
usually dominate the clinical picture. Diagnosis of gastroin-
testinal infection as a cause of anorexia, nausea, and vomiting
is a three step process: (1) Analysis of stool specimens if diar-
rhea or abdominal pain is part of the clinical presentation; (2)
upper endoscopy for diagnosis of herpesvirus and
Helicobacter pylori infections; and (3) directed examination
of organs that declare themselves to be involved, for example,
gallbladder ultrasound when right upper quadrant pain is
present, serum lipase and pancreatic amylase when there is
epigastric pain, and so on [100, 101, 136]. It is not uncom-
mon to recover CMV from endoscopic biopsies of focal
esophageal or gastroduodenal lesions, even when there is no
detectable virus in the blood stream.

19.5.2.1 Noninfectious Causes of Upper Gut

Symptoms

The differential diagnosis of anorexia, nausea, and vomiting
encompasses a long list of noninfectious causes (Tables 19-2
and 19-3). Anorexia and nausea are such protean symptoms
that medical judgment must dictate when to aggressively
pursue their causes. The more immunosuppressed and the
sicker the patient, the more aggressive should be the evalua-
tion. In SOT recipients, anorexia and nausea may be due to
organ rejection; gastroparesis (after lung transplant); failure
of liver, renal, pulmonary, or cardiac function; visceral
inflammation (for example, pancreatitis, cholecystitis, and
cystitis). Acute GVHD may also develop after organ trans-
plantation, usually presenting with fever, skin rash, and gas-
trointestinal symptoms [196—198]. After HCT, myeloablative
conditioning therapy causes nausea, vomiting, and anorexia
that lasts for 2—-3 weeks [138]. After HCT day +20, the most
common cause of upper intestinal symptoms is acute GVHD,
which causes gastric mucosal edema and erythema [139,
199]. Lymphocytic gastritis resembling GVHD can also be
seen in about 12 % of autologous graft recipients [200]. Less
common causes of anorexia and nausea after day +20 include
disorders of gastric emptying, medication intolerance, and
central nervous system lesions [139, 201-204].

19.5.3 Diarrhea

The differential diagnosis of infectious diarrhea in a trans-
plant patient encompasses the same pathogens as in the nor-
mal host, as well as some that are very uncommon under
ordinary circumstances. However, in the acute care setting,
exposure of patients to environmental pathogens is rare
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except for C. difficile and thus, infection by common enteric
pathogens is rare, particularly when patients are following
dietary guidelines for safe foods. The exception to this rule is
in countries where patients may arrive for transplant already
infected by bacterial, viral, and parasitic organisms or be
exposed to them after discharge [68, 126]. Infectious diar-
rhea is often accompanied by a constellation of symptoms
(fever, abdominal pain, nausea, vomiting), particularly in
SOT patients [68, 205].

19.5.3.1 Bacterial Causes

C. difficile is the most common bacterial cause of diarrhea in
hospitalized transplant patients. Colitis caused by C. difficile
in granulocytopenic patients may be paradoxically mild and
lacking typical pseudomembranes perhaps because colitis is
largely due to a granulocyte response to clostridial toxins
[141, 206, 207]. A more typical clinical course and endo-
scopic appearance may be seen later after HCT and in SOT
patients; severity of C. difficile colitis in SOT patients is
similar to that in nontransplant patients [208]. With the
emergence of more virulent strains of C. difficile, more
severe colitis is being seen [209]. Available therapies include
metronidazole, vancomycin, and fidaxomycin [40]. A pro-
posed probiotic treatment for C. difficile colitis,
Saccharomyces boulardii, may itself reach the bloodstream
in patients with immune defects and should be avoided in
transplant patients [210]. In refractory immunosuppressed
cases, treatment with fecal transplantation has been as effica-
cious as in non-immunocompromised individuals without
increase adverse outcomes [38, 39]. Strict infection control
measures in the inpatient, outpatient, and home settings are
essential to prevent the transmission of C. difficile [211,
212], Relapse is common in the presence of immunosuppres-
sion, especially with glucocorticoids [208]. Recurrent C. dif-
ficile colitis can be treated with pulsed antibiotics and in
some cases fecal transplantation [37].

Cord colitis syndrome linked to infection with
Bradyrhizobium enterica [213] and Bacteroides fragilis
[214] presents clinically as non-bloody diarrhea 3—11 months
after cord blood transplant, histologically characterized by
epithelioid granulomas and responsive to metronidazole or
fluoroquinolones [215, 216]. Infections with organisms such
as such as 7. whipplei may also be involved [217]. Cord coli-
tis appears to be absent in some centers consistent with lack
of exposure to these Z-specific gut pathogens [218].

Diarrhea (often bloody) is seen with neutropenic entero-
colitis (typhlitis) caused by C. septicum [132, 219].
Mycobacteria, Aeromonas species, and enterohemorrhagic
E. coli have been described as causes of diarrhea in immuno-
suppressed patients [220, 221]. Bacterial infections not obvi-
ously involving the intestine may also cause diarrhea, for
example, Legionella pneumonia [222] and toxic shock syn-
drome associated with Staphylococcus aureus infection.
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19.5.3.2  Viral Causes

Viral infections can result in both acute and chronic diarrhea
in the compromised host. Of the herpesviruses, only CMV
and rarely HSV infection [223] lead to enteritis and diarrhea.
(1) CMV may cause profuse watery diarrhea with protein
loss [224, 225]; (2) or an inflammatory colitis with bleeding
and pain but less voluminous diarrhea [65, 226]. CMV enter-
itis does not always result in diarrhea—anorexia, nausea,
vomiting, bleeding, and perforation may be the only symp-
toms [13, 185, 195, 227]. Later CMV infection, after dis-
charge from the transplant center, remains an issue [228,
229]. Although CMYV can be found by PCR or viral culture
of stool, CMV enteritis is best diagnosed by IHC and rapid
viral culture of biopsy specimens from involved tissue [189].
A positive PCR for CMV DNA may represent viral excretion
without CMV disease.

Some serotypes of adenovirus cause rapidly progressive
necrotizing enteritis associated with severe pulmonary, liver,
or renal infection where prompt diagnosis and treatment is
necessary to prevent death [2, 154, 156, 230, 231]. Other
adenovirus isolates appear to cause less severe mucosal dis-
ease, leading to dilemmas about the optimal treatment strat-
egy, particularly when immune suppressive drugs must be
continued and the treatment has toxicity [154, 157, 158,
232]. Detection of adenovirus in stool by PCR may be useful
in high risk patients [233].

Acquired enteric adenovirus infection with self limited
diarrhea and transient fever has been reported in up to 18 %
of children and 8 % of adults undergoing HCT [154]. Severe
adenovirus enteritis and colitis may be associated with
mucosal erosions, ulcerations or bleeding, and may cause
abdominal pain and tenderness. Endoscopic diagnosis may
be difficult when ileal disease predominates. Adenovirus
may also cause pancreatitis in HCT (associated with abdom-
inal pain) [154, 156, 234-237]. In SOT, the source and pre-
dominant site of adenovirus infection is the transplanted
organ, particularly in children in the early posttransplant
period, likely because of absent antibody immunity [90, 232,
237]. Early treatment of adenovirus disease with cidofovir in
HCT may be associated with better outcomes, though crite-
ria for early treatment are not fully established. Current cri-
teria for treatment include multiorgan involvement (i.e., viral
isolation, or histological documentation, from two or more
sites), viremia with clinical signs of disease, or significant
(endoscopic, histological, or clinical) enteritis, pneumonia,
hemorrhagic cystitis or nephritis. Use of surveillance plasma
adenovirus PCR, as well as stool and urine testing in patients
with diarrhea or hematuria may be valuable in early diagno-
sis and preemptive therapy, especially in pediatric patients
and patients undergoing T cell depleted transplants [238].
Most patients with isolated stool or urinary adenovirus
recover spontaneously, but close monitoring for progressive
disease may be prudent [234, 235]. Criteria for treatment in
SOT are poorly defined because adenovirus viremia in SOT
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commonly resolves spontaneously or with reduction of
immunosuppressive therapy, especially in children [90, 117,
237, 239].

Other enteric viruses (astrovirus, rotavirus, norovirus,
coxsackievirus), acquired through epidemic exposure or
nosocomial transmission, may cause diarrhea in transplant
patients [68, 141, 240]; this category is likely to increase in
prominence as panels of molecular diagnostic tests become
available. These viruses can be associated with prolonged
viral shedding for weeks after cessation of symptoms [235,
236]. Astrovirus, a common cause of endemic as well as
nosocomial diarrhea in children, has been reported after both
HCT and SOT, with a frequency of <5% of patients with
diarrhea. In one prospective study, the most common viral
cause of diarrhea after HCT was Astrovirus, which caused a
self-limited form of diarrhea [141]. In HCT patients, symp-
toms may include nausea and anorexia in addition to diar-
rhea [141, 241, 242]. Rotavirus, a common cause of
diarrhea-predominant viral gastroenteritis in children in
winter months, causes diarrhea lasting 3-9 days. Prolonged
and profuse watery diarrhea of 2 or more weeks’ duration is
the main symptom attributable to Rotavirus in transplant
patients, where the frequency of infection varies widely
from center to center (0—1.5 % in adults, higher in children)
[116, 243-245]. Other symptoms reported in HCT patients
include vomiting, abdominal pain, anorexia, fever, and
abnormal liver tests, but without severe enteritis or mortality
[244, 246, 247]. Fecal shedding can continue for three or
more months after clinical illness. Nosocomial transmission
likely accounts for many infections especially on pediatric
units [244, 247]. Norovirus is the major cause of adult epi-
demic viral gastroenteritis [129]. Clues to diagnosis include
epidemic exposure and rapid onset of transient vomiting fol-
lowed by prolonged watery diarrhea [248, 249]. With the
exception of CMV, some viruses for which there are no com-
mercial diagnostic tests, rare cases of mycobacterial infec-
tion, and EB V-related lymphoproliferative disease involving
the small intestine, almost all of the infectious causes of
diarrhea can be discovered by analysis of stool specimens
using bacterial and viral cultures, PCR (adenovirus, norovi-
rus, cryptosporidia), ELISA (rotavirus, astrovirus, G. lam-
blia, C. difficile antigen), and microscopic examination
(parasitic diseases, fungal overgrowth). If the lesion is out of
the reach of an endoscope, the diagnosis of EBV-related
lymphoproliferative disease can be based on finding EBV
DNA in the bloodstream and a mass consistent with lym-
phoma on imaging.

19.5.3.3 Fungal Causes

In the minimally compromised patient, intestinal fungal
overgrowth can be a cause of watery diarrhea [250]. In the
absence of antifungal prophylaxis, patients with prolonged
granulocytopenia may develop diarrhea caused by mucosally
invasive fungal infections [251]. Wide use of azoles in the
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peritransplant period has eliminated gastrointestinal infec-
tions caused by Candida albicans, but mucosal infection by
molds and other Candida species can now be seen [252].

19.5.3.4  Parasitic Causes

Parasitic infections have probably been under diagnosed as a
cause of chronic diarrhea in transplant recipients because of
insensitive tests [68]. Accurate tests for organisms such as
Giardia lamblia, Cryptosporidium, Enterocytozoon bieneusi,
Isospora belli, and Strongyloides stercoralis are now avail-
able [128, 130, 253-256]. Cryptosporidial infection may
mimic GVHD after HCT [127]. Cryptosporidial infections
can be eliminated if the underlying immune deficiency disap-
pears [131]. Strongyloides stercoralis enteritis may become
exacerbated during immunosuppressive therapy, causing
diarrhea and hyperinfection syndrome [238]. Blastocystis
hominis and Enteromonas hominis, long believed to be
innocuous commensal parasites, have been blamed for per-
sistent diarrhea in some immunodeficient patients.

19.5.3.5 Noninfectious Causes
(Tables 19-2 and 19-3)

Noninfectious causes of diarrhea that are common to all
transplant patients include magnesium salts to correct renal
magnesium wasting; mucosal toxicity caused by mycophe-
nolate mofetil [144] or brincidofovir, an investigational
broad-spectrum antiviral agent [30]; the pro-motility side
effects of the macrolides tacrolimus and sirolimus [257,
258]; and antibiotics that depress the colonic flora (removing
the ability of these bacteria to salvage carbohydrate and thus,
causing osmotic diarrhea after carbohydrate ingestion). The
gut toxicity of mycophenolic acid delayed release tablets is
considerably less than that of MMF [259]. After HCT, diar-
rhea is caused by mucosal injury from myeloablative condi-
tioning regimens and from acute GVHD [141].

19.5.4 Abdominal Pain

Pain caused by some intestinal infections and intra-abdominal
infection resulting from perforation may be a harbinger of a
rapidly fatal illness in immune suppressed patients [47, 136,
260, 261]. Perforation is most common in the gastroduodenal
region and the colon but can occur at any site in the intestine.
Plain abdominal X-rays and helical CT will determine whether
a perforation has occurred but the site of perforation can
remain obscure. Causes of perforation include CMV infec-
tion, fungal infection, necrosis of transmural tumors, trauma,
and diverticula [2, 47, 226, 261, 262]. Diverticular perforation
is particularly common in renal transplant patients [263].
CMYV and VZV can also involve neural plexi, causing ileus
and abdominal distention [153, 194, 264]. Severe abdominal
pain is often the first manifestation of disseminated VZV
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infection, which may progress to fulminant hepatitis. PCR for
VZV DNA in the bloodstream is the most useful diagnostic
test for visceral VZV infection in the absence of skin lesions
[265]. Early recognition and institution of acyclovir therapy
result in improved survival [194].

Other focal infections of the intestinal tract that present
with abdominal pain include phlegmonous gastritis, appendi-
citis, infections caused by clostridia organisms (C. difficile, C.
perfringens, C. septicum), and Aspergillus vasculitis [266].
Most immunosuppressed patients with appendicitis have
right lower quadrant pain, but in some the usual presentation
is masked by corticosteroids and the lack of granulocytes.
Typhlitis is a localized infection of the cecum and right colon,
caused by clostridia toxins (usually C. septicum) and closely
related to granulocytopenia [132]. Typhlitis has been rarely
observed after solid organ transplantation, probably because
of preserved granulocyte function [267]. Consideration of
this diagnosis should prompt empiric use of antibiotics (imi-
penem, oral vancomycin) that cover both clostridia organisms
and colonic flora that are translocating into pericolic tissues,
and surgical consultation in the event of progression [268].
Cecal CMV ulcerations, fungal infection, and acute GVHD in
HCT recipients may present similarly but do not have the
same poor prognosis as clostridial typhlitis [269, 270].

A radiologic diagnosis of pneumatosis intestinalis (gas-
eous infiltration of the intestinal mucosa, usually the colon)
is likely to be made in a patient with pain who undergoes
abdominal plain film or computed tomography, and it does
not necessarily represent a severe form of enteritis. In some
cases, there may be air in the peritoneal cavity, mediastinum,
and portal vein in addition to the intestinal mucosa.
Pneumatosis intestinalis has been described in organ recipi-
ents and HCT patients. Disease associations have been with
viral enteritis (particularly CMV) and GVHD. The abdomi-
nal examination and clinical course in many patients is sur-
prisingly benign. There are, however, catastrophic processes
that present with gas in intra-abdominal tissues (intestinal
infarction, bowel obstruction, and clostridia infections) that
must be differentiated on clinical, microbiologic, and occa-
sionally surgical grounds from the more benign form of
pneumatosis intestinalis [271].

EBV lymphoproliferative disease occurs in both solid-
organ and HCT recipients on high-dose immunosuppressive
therapy. Lymphoid infiltrates may present as abdominal pain,
ileus, and bleeding. PCR for EBV DNA in the bloodstream
may allow preemptive reduction of immunosuppressive
drugs and use of rituxan to forestall development of tissue
invasion with transformed immunoblasts.

19.5.4.1 Noninfectious Causes

(Tables 19-2 and 19-3)

Many episodes of abdominal pain after SOT or HCT are
not caused by infection but instead by conditions such as
intestinal pseudo-obstruction (caused by mu-opioid and
anticholinergic drugs), pancreatitis, cystitis, biliary stone
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disease, and in HCT patients, the toxicity of myeloablative
conditioning therapy, acute GVHD, liver pain caused by
sinusoidal obstruction syndrome, and intramural hematomas
involving the gut or abdomen. The initial approach to diag-
nosis of the cause of abdominal pain in an immunosup-
pressed patient must be tempered by the knowledge that
intra-abdominal catastrophes may occur without extreme
signs and symptoms and that the time from presentation to
death can be very short. Paradoxically, there is also a danger
of physicians overreacting to severe abdominal pain from a
cause that seldom results in morbidity, for example, intesti-
nal pseudo-obstruction related to mu-agonist opioids, an
intramural hematoma of the sheath of the rectus abdominus
muscle, or narcotic bowel syndrome.

19.5.5 Perianal Pain

Perianal pain in a granulocytopenic patient is assumed to be
caused by bacterial infection of perianal tissues until proven
otherwise, and thus, this is a more a problem for HCT
patients than after SOT. Infections can be a difficult problem
to recognize because there may be little in the way of pus but
instead only a painful cellulitis. These infections are usually
polymicrobial (aerobic and anaerobic bacteria), arising
either from anal crypts or from tears in the anal canal [272].
Extensive supralevator and intersphincteric abscesses may
also occur without being apparent on external examination.
Early antimicrobial treatment has led to a marked decrease in
the need for surgery. If an obvious abscess is present, antibi-
otics, incision, and drainage usually result in relief of pain
and resolution of the abscess [273]. If there is evidence of
tissue necrosis, a more aggressive surgical approach may be
needed to prevent a fatal outcome. Perineal examinations
may be limited by severe pain and by a risk of bacteremia if
the patient is granulocytopenic. CT, MRI, and rectal endo-
scopic ultrasound give accurate views of the anatomy
involved if there is a true abscess; the predictive value of a
negative imaging test for an abscess is high.(302) However,
if an imaging test suggests an abscess or clinical examination
suggests infection in a perirectal space, an experienced
colorectal surgeon should examine the patient under con-
scious sedation or anesthesia, with an eye toward surgical
drainage if a significant abscess is discovered.

HSYV causes painful chronic mucocutaneous ulcerations in
patients with immunodeficiency syndromes, especially those
with T-lymphocyte defects [274]. In the perianal area, the
appearance is of multiple superficial ulcers with raised bor-
ders. When these ulcers coalesce and become macerated and
secondarily infected, it is often difficult to identify them as
viral. In contrast to decubiti, HSV perianal ulcers are painful,
have scalloped borders, and occur away from pressure points.
The diagnosis is best made by rapid viral culture. Acyclovir
treatment is effective, but secondary bacterial or fungal infec-
tion may delay healing. Recurrence is common unless acy-
clovir is continued or immunosuppressive therapy decreased.
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19.5.5.1 Noninfectious Causes

(Tables 19-2 and 19-3)

There are few noninfectious causes of pain in the perianal
area in transplant patients aside from anal fissures, a throm-
bosed external hemorrhoid, and unusual disorders of smooth
muscle (levator muscle spasm, proctalgia fugax). Persistent
diarrhea may lead to painful maceration of perianal skin and
secondary infection by bacteria and fungi.

19.5.6 Gastrointestinal Bleeding

In the era before effective antimicrobial prophylaxis, viral
ulcerations were the most common cause of bleeding in both
HCT and organ transplant patients, but in the current era,
bleeding from viral ulcers has become uncommon [5, 275].
CMV ulcers in the esophagus are usually shallow, but those
in the gastroduodenal, small bowel, and colonic mucosa are
deeper and capable of eroding into large vessels [65, 84].
CMV may also cause diffuse gastritis or enteritis similar to
that seen in inflammatory bowel disease [58, 223, 276, 277]
and rarely present as mass lesions [13]. Duodenal or gastric
ulcers that appear to be typical peptic lesions may harbor
CMV in the ulcer base and may fail to heal on standard ulcer
therapy [195, 278]. If ulcers are in the midgut, a radionuclide
blood pool scan or capsule endoscopy can localize the bleed-
ing site, allowing angiographic control or surgical resection
if the ulcer is truly solitary and continues to bleed. Endoscopic
hemostasis of bleeding CMV ulcers can occasionally be
achieved, but this must be accompanied by antiviral therapy;
CMYV ulcers often require 2-3 weeks for mucosal lesions to
heal following effective therapy [193].

HSV may present as bleeding from coalescent herpetic
esophageal ulcers without symptoms referable to the esopha-
gus [279]. HSV causes gastric and intestinal necrosis only
rarely, usually in patients on high-dose immunosuppressive
therapy [223]. VZV causes esophagitis similar to that caused
by HSV and occasionally gastric ulcers, but not intestinal
mucosal necrosis. EBV does not cause direct ulceration, but
in transplant patients, it may lead to a lymphoma-like immu-
noproliferative disease may present with bleeding submuco-
sal nodules as well as diffuse mucosal infiltration with
immunoblasts [223, 280, 281]. Some serotypes of adenovi-
rus cause extensive intestinal mucosal necrosis as well as
fulminant hepatitis and multiorgan failure in HCT patients;
prompt treatment can be effective [154-158].

Esophageal and intestinal fungal infections are now very
uncommon causes of serious bleeding in transplant patients
[251, 275]. Exceptions are patients with prolonged granulo-
cytopenia in whom deeper penetration of fungal organisms,
particularly molds, can erode into large submucosal blood
vessels, leading to massive bleeding [252].

Aside from H. pylori-associated ulcers in SOT recipients
[3], bacterial gut infection as a cause of severe bleeding is
rare. Pseudomembranous colitis caused by C. difficile may
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also present as bleeding, especially in patients with a low
platelet count [141, 206]. Bloody diarrhea also occurs with
typhlitis (C. septicum infection), especially if platelet counts
are low [282].

19.5.6.1 Noninfectious Causes
(Tables 19-2 and 19-3)

Both SOT and HCT recipients may come to their respective
transplant procedures with gut lesions that may bleed after
transplant. Minor bleeding after HCT usually disappears
when platelet counts stabilize [283]. The current frequency
of severe bleeding after HCT is less than 2 %, almost all of
which is due to noninfectious causes (GVHD, gastric antral
vascular ectasia, mucosal biopsy sites) [275, 283, 284].
Bleeding after SOT is more likely to be caused by infection,
especially CMV- and H. pylori-related ulcers [72].
Noninfectious causes of severe bleeding include diverticular
bleeding (particularly after renal transplant), portal
hypertension-related lesions after liver transplant [72], and
bleeding from anastomoses (choledochojejunostomy after
liver transplant, intestinal anastomoses after pancreatic or
intestinal transplant), and ischemic colitis.

Severe intestinal bleeding, defined as enough bleeding to
lead to hemorrhagic shock or a fall in hematocrit by >10 % or
transfusion requirement of 2 units of blood per day, leads to
two imperatives —one is to stop the bleeding and the other to
make a diagnosis of the lesion that is bleeding— particularly
if the cause is an infection that is not being treated. In prac-
tice, this means endoscopic evaluation of the upper intestinal
tract, or the colon, or both, and blood-pool radionuclide
scans, angiographic studies, or capsule endoscopy when
endoscopy cannot localize the bleeding lesion.

References

1. Kathuria P, Sakhuja V, Gupta KL, Jha V, Kochhar R, Joshi K,
et al. Gastrointestinal complications after renal transplanta-
tion. 10 year data from a North Indian transplant center.
ASAIO J. 1995:41(3):M698-703.

2. Helderman JH, Goral S. Gastrointestinal complications of
transplant immunosuppression. J Am Soc Nephrol. 2002;13(1):
277-87.

3. Logan AJ, Morris-Stiff GJ, Bowrey DJ, Jurewicz WA. Upper
gastrointestinal complications after renal transplantation: a
3-yr sequential study. Clin Transplant. 2002;16(3):163-7.

4. Lucey MR, Terrault N, Ojo L, Hay JE, Neuberger J, Blumberg
E, et al. Long-term management of the successful adult liver
transplant: 2012 practice guideline by the American
Association for the Study of Liver Diseases and the American
Society of Transplantation. Liver Transpl. 2013;19(1):3-26.

5. San Juan R, Aguado JM, Lumbreras C, Fortun J, Munoz P,
Gavalda J, et al. RESITRA Network of the spanish study group
of infection in transplantation. Impact of current transplantation
management on the development of cytomegalovirus disease
after renal transplantation. Clin Infect Dis. 2008; 47(7):875-82.



324

10.

11.

12.

14.

15.

16.

17.

18

19.

20.

21.

. The Tricontinental Mycophenolate Mofetil Renal Transplanta-
tion Study Group. A blinded, randomized clinical trial of
mycophenolate mofetil for the prevention of acute rejection in
cadaveric renal transplantation. Transplantation. 1996;61(7):
1029-37.

. Humar A, Snydman D. Cytomegalovirus in solid organ trans-
plant recipients. Am J Transplant. 2009;9 Suppl 4:S78-86.

. Beam E, Razonable RR. Cytomegalovirus in solid organ trans-
plantation: epidemiology, prevention, and treatment. Curr
Infect Dis Rep. 2012;14(6):633—41.

. Snydman DR, Limaye AP, Potena L, Zamora MR. Update and

review: state-of-the-art management of cytomegalovirus infec-

tion and disease following thoracic organ transplantation.

Transplant Proc. 2011;43(3 Suppl):S1-7.

Smith C, Khanna R. Immune regulation of human herpesvi-

ruses and its implications for human transplantation. Am

J Transplant. 2013;13 Suppl 3:9-23.

Fishman JA. Overview: cytomegalovirus and the herpesvi-

ruses in transplantation. Am J Transplant. 2013;13 Suppl

3:1-8.

Eid AJ, Arthurs SK, Deziel PJ, Wilhelm MP, Razonable

RR. Clinical predictors of relapse after treatment of primary

gastrointestinal cytomegalovirus disease in solid organ trans-

plant recipients. Am J Transplant. 2010;10(1):157-61.

. Tilsed JV, Morgan JD, Veitch PS, Donnelly PK. Reactivation

of duodenal cytomegalovirus infection mimicking a transplant

lymphoma. Transplantation. 1992;54:945-6.

Kotton CN, Kumar D, Caliendo AM, Asberg A, Chou S,

Snydman DR, et al. International consensus guidelines on the

management of cytomegalovirus in solid organ transplanta-

tion. Transplantation. 2010;89(7):779-95.

Kotton CN, Kumar D, Caliendo AM, Asberg A, Chou S,

Danziger-Isakov L, et al. Updated international consensus

guidelines on the management of cytomegalovirus in solid-

organ transplantation. Transplantation. 2013;96(4):333-60.

Hodson EM, Ladhani M, Webster AC, Strippoli GF, Craig

JC. Antiviral medications for preventing cytomegalovirus dis-

ease in solid organ transplant recipients. Cochrane Database

Syst Rev. 2013;2:CD003774.

Witzke O, Hauser 1A, Bartels M, Wolf G, Wolters H, Nitschke

M, et al. Valganciclovir prophylaxis versus preemptive therapy

in cytomegalovirus-positive renal allograft recipients: 1-year

results of a randomized clinical trial. Transplantation.
2012;93(1):61-8.

. Mengelle C, Rostaing L, Weclawiak H, Rossignol C, Kamar

N, Izopet J. Prophylaxis versus pre-emptive treatment for pre-

vention of cytomegalovirus infection in CMV-seropositive

orthotopic liver-transplant recipients. J Med Virol. 2015;87(5):

836-44.

Snydman DR. Putting the IMPACT study into perspective:

should CMV prophylaxis be extended to 6 months for high

risk transplants? Am J Transplant. 2011;11(1):6-7.

Gerna G, Lilleri D, Furione M, Baldanti F. Management of

human cytomegalovirus infection in transplantation: valida-

tion of virologic cut-offs for preemptive therapy and immuno-

logical cut-offs for protection. New Microbiol. 2011;34(3):

229-54.

Zuckerman RA, Limaye AP. Varicella zoster virus (VZV) and

herpes simplex virus (HSV) in solid organ transplant patients.

Am J Transplant. 2013;13 Suppl 3:55-66.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

C.J. Damman and G.B. McDonald

Fiddian P, Sabin CA, Griffiths PD. Valacyclovir provides opti-
mum acyclovir exposure for prevention of cytomegalovirus
and related outcomes after organ transplantation. J Infect Dis.
2002;186 Suppl 1:S110-5.

Green M, Michaels MG. Epstein-Barr virus infection and
posttransplant lymphoproliferative disorder. Am J Transplant.
2013;13 Suppl 3:41-54.

Birkeland SA, Lokkegaard H, Storm HH. Cancer risk in
patients on dialysis and after renal transplantation. Lancet.
2000;355(9218):1886-17.

Agraharkar ML, Cinclair RD, Kuo YF, Daller JA, Shahinian
VB. Risk of malignancy with long-term immunosuppression
in renal transplant recipients. Kidney Int. 2004;66(1):383-9.
Tremblay F, Fernandes M, Habbab F, deB Edwardes MD,
Loertscher R, Meterissian S. Malignancy after renal transplan-
tation: incidence and role of type of immunosuppression. Ann
Surg Oncol. 2002;9(8):785-8.

Adami J, Gabel H, Lindelof B, Ekstrom K, Rydh B, Glimelius
B, et al. Cancer risk following organ transplantation: a nation-
wide cohort study in Sweden. Br J Cancer. 2003;89(7):1221-7.
Razonable RR. Human herpesviruses 6, 7 and 8 in solid organ
transplant recipients. Am J Transplant. 2013;13 Suppl 3:67-78.
Lee LY, Ison MG. Diarrhea caused by viruses in transplant
recipients. Transpl Infect Dis. 2014;16(3):347-58.

Marty FM, Winston DJ, Rowley SD, Vance E, Papanicolaou
GA, Mullane KM, et al. CMXO001 to prevent cytomegalovirus
disease in hematopoietic-cell transplantation. N Engl J Med.
2013;369(13):1227-36.

Echenique IA, Penugonda S, Stosor V, Ison MG, Angarone
MP. Diagnostic yields in solid organ transplant recipients
admitted with diarrhea. Clin Infect Dis. 2015;60(5):729-37.
Tsapepas DS, Martin ST, Miao J, Shah SA, Scheffert J, Fester
K, et al. Clostridium difficile infection, a descriptive analysis
of solid organ transplant recipients at a single center. Diagn
Microbiol Infect Dis. 2015;81(4):299-304.

Chang JY, Antonopoulos DA, Kalra A, Tonelli A, Khalife WT,
Schmidt TM, et al. Decreased diversity of the fecal Microbiome
in recurrent Clostridium difficile-associated diarrhea. J Infect
Dis. 2008;197(3):435-8.

Lozupone CA, Stombaugh JI, Gordon JI, Jansson JK, Knight
R. Diversity, stability and resilience of the human gut micro-
biota. Nature. 2012;489(7415):220-30.

O'Connor JR, Johnson S, Gerding DN. Clostridium difficile
infection caused by the epidemic BI/NAP1/027 strain.
Gastroenterology. 2009;136(6):1913-24.

Louie TJ, Miller MA, Mullane KM, Weiss K, Lentnek A,
Golan Y, et al. Fidaxomicin versus vancomycin for Clostridium
difficile infection. N Engl J Med. 2011;364(5):422-31.
Surawicz CM, Alexander J. Treatment of refractory and recur-
rent Clostridium difficile infection. Nat Rev Gastroenterol
Hepatol. 2011;8(6):330-9.

Kelly CR, Thunnah C, Fischer M, Khoruts A, Surawicz C,
Afzali A, et al. Fecal microbiota transplant for treatment of
Clostridium difficile infection in immunocompromised
patients. Am J Gastroenterol. 2014;109(7):1065-71.

Mittal C, Miller N, Meighani A, Hart BR, John A, Ramesh
M. Fecal microbiota transplant for recurrent Clostridium dif-
ficile infection after peripheral autologous stem cell transplant
for diffuse large B-cell lymphoma. Bone Marrow Transplant.
2015;50(7):1010.



19. Gastrointestinal Infections After Solid Organ or Hematopoietic Cell Transplantation

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53

54.

55.

56.

Goldberg EJ, Bhalodia S, Jacob S, Patel H, Trinh KV, Varghese
B, et al. Clostridium difficile infection: a brief update on
emerging therapies. Am J Health Syst Pharm. 2015;72(12):
1007-12.

Gerding DN, Meyer T, Lee C, Cohen SH, Murthy UK, Poirier
A, et al. Administration of spores of nontoxigenic Clostridium
difficile strain M3 for prevention of recurrent C. difficile infec-
tion: a randomized clinical trial. JAMA. 2015;313(17):
1719-27.

Espinosa-Aguilar L, Forrest GN. Candidiasis in solid organ
transplantation. Infectious Disease and Antimicrobial Agents.
www.antimicrobe.org/new/t06_ew.html.

Farmakiotis D, Kontoyiannis DP. Emerging issues with diag-
nosis and management of fungal infections in solid organ
transplant recipients. Am J Transplant. 2015:n/a-n/a.

Gavalda J, Meije Y, Fortun J, Roilides E, Saliba F, Lortholary
O, et al. Invasive fungal infections in solid organ transplant
recipients. Clin Microbiol Infect. 2014;20:27-48.

Gumbo T, Hobbs RE, Carlyn C, Hall G, Isada CM.
Microsporidia infection in transplant patients. Transplantation.
1999;67(3):482-4.

DeVault GA, King JW, Rohr MS, Landreneau MD, Brown ST,
McDonald JC. Opportunistic infections with Strongyloides
stercoralis in renal transplantation. Rev Infect Dis.
1990;12(4):653-71.

Sarkio S, Halme L, Kyllonen L, Salmela K. Severe gastroin-
testinal complications after 1,515 adult kidney transplanta-
tions. Transpl Int. 2004;17(9):505-10.

Gil-Vernet S, Amado A, Ortega F, Alarcon A, Bernal G,
Capdevila L, et al. Gastrointestinal complications in renal
transplant recipients: MITOS study. Transplant Proc.
2007;39(7):2190-3.

Ponticelli C, Passerini P. Gastrointestinal complications in
renal transplant recipients. Transpl Int. 2005;18(6):643-50.
Andreoni KA, Pelletier RP, Elkhammas EA, Davies EA,
Bumgardner GL, Henry ML, et al. Increased incidence of gas-
trointestinal surgical complications in renal transplant recipi-
ents with polycystic kidney disease. Transplantation. 1999;
67(2):262-6.

Dee SL, Butt K, Ramaswamy G. Intestinal ischemia. Arch
Pathol Lab Med. 2002;126(10):1201-4.

Lowell JA, Stratta RJ, Taylor RJ, Bynon JS, Larsen JL, Nelson
NL. Cholelithiasis in pancreas and kidney transplant recipients
with diabetes. Surgery. 1993;114(4):858-63.

. Moudgil A, Germain BM, Nast CC, Toyoda M, Strauss FG,

Jordan SC. Ureteritis and cholecystitis: two unusual manifes-
tations of cytomegalovirus disease in renal transplant recipi-
ents. Transplantation. 1997;64(7):1071-3.

Badalamenti S, DeFazio C, Castelnovo C, Sangiovanni A,
Como G, De Vecchi A, et al. High prevalence of silent gallstone
disease in dialysis patients. Nephron. 1994;66(2): 225-7.
Berger N, Wirmsberger R, Kafka R, Margreiter C, Ebenbichler
C, Stelzmueller I, et al. Infectious complications following 72
consecutive enteric-drained pancreas transplants. Transpl Int.
2006;19(7):549-57.

Toupance O, Bouedjoro-Camus MC, Carquin J, Novella JL,
Lavaud S, Wynckel A, et al. Cytomegalovirus-related disease
and risk of acute rejection in renal transplant recipients: a
cohort study with case-control analyses. Transpl Int.
2000;13(6):413-9.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

325

Kunzle N, Petignat C, Francioli P, Vogel G, Seydoux C,
Corpataux JM, et al. Preemptive treatment approach to cyto-
megalovirus (CMV) infection in solid organ transplant
patients: relationship between compliance with the guidelines
and prevention of CMV morbidity. Transpl Infect Dis.
2000;2(3):118-26.

Slitkin M, Tempesti P, Poutsiaka DD, Snydman DR. Late and
atypical cytomegalovirus disease in solid-organ transplant
recipients. Clin Infect Dis. 2001;33(7):E62-8.

Rayes N, Seehofer D, Kahl A, Kokott S, Pratschke J, Frei U,
et al. Long-term outcome of cytomegalovirus infection in
simultaneous pancreas-kidney transplant recipients without
ganciclovir prophylaxis. Transpl Int. 2007;20(11):974-81.
Boudreault AA, Xie H, Rakita RM, Scott JD, Davis CL,
Boeckh M, et al. Risk factors for late-onset cytomegalovirus
disease in donor seropositive/recipient seronegative kidney
transplant recipients who receive antiviral prophylaxis. Transpl
Infect Dis. 2011;13(3):244-9.

Ardalan MR, Etemadi J, Somi MH, Ghafari A, Ghojazadeh
M. Upper gastrointestinal bleeding during the first month after
renal transplantation in the mycophenolate mofetil era.
Transplant Proc. 2009;41(7):2845-7.

Sarkio S, Rautelin H, Kyllonen L, Honkanen E, Salmela K,
Halme L. Should helicobacter pylori infection be treated
before kidney transplantation? Nephrol Dial Transplant.
2001;16(10):2053-7.

Fishman JA, Rubin RH. Infection in organ-transplant recipi-
ents. N Engl J Med. 1998;338(24):1741-51. see comments.
[Review] [80 refs].

Metge S, Van Nhieu JT, Dahmane D, Grimbert P, Foulet F,
Sarfati C, et al. A case of Enterocytozoon bieneusi infection in
an HIV-negative renal transplant recipient. Eur J Clin
Microbiol Infect Dis. 2000;19(3):221-3.

Mayoral JL, Loeffler CM, Fasola CG. Diagnosis and treatment
of cytomegalovirus disease in transplant patients based on gas-
trointestinal tract manifestations. Arch Surg. 1991;126:
202-6.

Frankel AH, Barker F, Williams G, Benjamin IS, Lechler R,
Rees AJ. Neutropenic colitis in a renal transplant patient.
Transplantation. 1991;52:913—4.

Roncoroni AJ, Gomez MA, Mera J, Cagnoni P, Michel
MD. Cryptosporidium infection in renal transplant patients.
(Lett). J Infect Dis. 1989;160:559.

Altiparmak MR, Trablus S, Pamuk ON, Apaydin S, Sariyar M,
Ozturk R, et al. Diarrhoea following renal transplantation. Clin
Transplant. 2002;16(3):212-6.

Tavakoli A, Liong S. Pancreatic transplant in diabetes. Adv
Exp Med Biol. 2012;771:420-37.

Tam N, Zhang C, Lin J, Wu C, Deng R, Liao B, et al.
Simultaneous pancreas and kidney transplantation for liver
transplant recipients with diabetes and uremia. Clin Res
Hepatol Gastroenterol. 2015;39(3):399-404.
Herrero-Martinez JM, Lumbreras C, Manrique A, San-Juan R,
Garcia-Reyne A, Lopez-Medrano F, et al. Epidemiology, risk
factors and impact on long-term pancreatic function of infec-
tion following pancreas-kidney transplantation. Clin Microbiol
Infect. 2013;19(12):1132-9.

Sterling RK. Management of gastrointestinal disease in liver
transplant recipients. Gastrointest Endosc Clin N Am.
2001;11(1):185-97.


www.antimicrobe.org/new/t06_ew.html

326

73

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

. Verdonk RC, Buis CI, Porte RJ, Haagsma EB. Biliary compli-
cations after liver transplantation: a review. Scand
J Gastroenterol Suppl. 2006;243:89-101.

Pedersen M, Seetharam A. Infections after orthotopic liver
transplantation. J Clin Exp Hepatol. 2014;4(4):347-60.

Kim SI. Bacterial infection after liver transplantation. World
J Gastroenterol. 2014;20(20):6211-20.

Chow JK, Werner BG, Ruthazer R, Snydman DR. Increased
serum iron levels and infectious complications after liver
transplantation. Clin Infect Dis. 2010;51(3):e16-23.

Milan A, Sampaio AM, Guardia AC, Pavan CR, Andrade PD,
Bonon SH, et al. Identification of bacterial infections and clin-
ical manifestation associated with cytomegalovirus in liver
transplantation patients. Transplant Proc. 2013;45(3):1130-2.
Bosch W, Heckman MG, Diehl NN, Shalev JA, Pungpapong
S, Hellinger WC. Association of cytomegalovirus infection
and disease with death and graft loss after liver transplant in
high-risk recipients. Am J Transplant. 2011;11(10):2181-9.
Mukhtar A, Abdelaal A, Hussein M, Dabous H, Fawzy I,
Obayah G, et al. Infection complications and pattern of bacte-
rial resistance in living-donor liver transplantation: a multi-
center epidemiologic study in Egypt. Transplant Proc.
2014;46(5):1444-7.

Antunes M, Teixeira A, Fortuna P, Moya B, Martins A, Bagulho
L, et al. Infections after liver transplantation: a retrospective,
single-center study. Transplant Proc. 2015;47(4):1019-24.
Kawecki D, Pacholczyk M, Lagiewska B, Sawicka-Grzelak A,
Durlik M, Mlynarczyk G, et al. Bacterial and fungal infections
in the early post-transplantation period after liver transplanta-
tion: etiologic agents and their susceptibility. Transplant Proc.
2014;46(8):2777-81.

Esfeh JM, Hanouneh IA, Koval CE, Kovacs C, Dalal DS,
Ansari-Gilani K, et al. Impact of pretransplant rifaximin ther-
apy on early post-liver transplant infections. Liver Transpl.
2014;20(5):544-51.

Sanchez CL, Len O, Gavalda J, Bilbao I, Castells L, Gelabert
MA, et al. Liver biopsy-related infection in liver transplant
recipients: a current matter of concern? Liver Transpl.
2014;20(5):552-6.

Wong NA, Bathgate AJ, Bellamy CO. Colorectal disease in
liver allograft recipients—a clinicopathological study with
follow-up. Eur J Gastroenterol Hepatol. 2002;14(3):231-6.
Razonable RR. Cytomegalovirus infection after liver trans-
plantation: current concepts and challenges. World
J Gastroenterol. 2008;14(31):4849-60.

Arthurs SK, Eid AJ, Pedersen RA, Dierkhising RA, Kremers
WK, Patel R, et al. Delayed-onset primary cytomegalovirus
disease after liver transplantation. Liver Transpl. 2007;13(12):
1703-9.

Jain A, Orloft M, Kashyap R, Lansing K, Betts R, Mohanka R,
et al. Does valganciclovir hydrochloride (Valcyte) provide
effective prophylaxis against cytomegalovirus infection in liver
transplant recipients? Transplant Proc. 2005;37(7):3182-6.
Vivarelli M, De Ruvo N, Lazzarotto T, Bellusci R, Landini
MP, Varani S, et al. Abstension from treatment of low-level
pp 65 cytomegalovirus antigenemia after liver transplantation:
a prospective study. Transplantation. 2000;70(8):1183-7.
Lautenschlager I, Halme L, Hockerstedt K, Krogerus L,
Taskinen E. Cytomegalovirus infection of the liver transplant:
virological, histological, immunological, and clinical observa-
tions. Transpl Infect Dis. 2006;8(1):21-30.

90.

91.

92

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

C.J. Damman and G.B. McDonald

Hoffman JA. Adenoviral disease in pediatric solid organ trans-
plant recipients. Pediatr Transplant. 2006;10(1):17-25.
Hierholzer JC. Adenoviruses in the immunocompromised
host. Clin Microbiol Rev. 1992;5:262-74.

. McLaughlin GE, Delis S, Kashimawo L, Cantwell GP, Mittal

N, Cirocco RE, et al. Adenovirus infection in pediatric liver
and intestinal transplant recipients: utility of DNA detection
by PCR. Am J Transplant. 2003;3(2):224-8.

Sganga G, Bianco G, Frongillo F, Lirosi MC, Nure E, Agnes
S. Fungal infections after liver transplantation: incidence and
outcome. Transplant Proc. 2014;46(7):2314-8.

Raghuram A, Restrepo A, Safadjou S, Cooley J, Orloff M,
Hardy D, et al. Invasive fungal infections following liver trans-
plantation: incidence, risk factors, survival, and impact of
fluconazole-resistant Candida parapsilosis (2003-2007). Liver
Transpl. 2012;18(9):1100-9.

Shi S-H, Lu A-W, Shen Y, Jia C-K, Wang W-L, Xie H-Y, et al.
Spectrum and risk factors for invasive candidiasis and non-
Candida fungal infections after liver transplantation. Chin
Med J (Engl). 2008;121(7):625-30.

Alexander J, Limaye AP, Ko CW, Bronner MP, Kowdley
K. Association of hepatic iron overload with invasive fungal
infection in liver transplant recipients. Liver Transpl.
2006;12:1799-804.

Saliba F, Pascher A, Cointault O, Laterre PF, Cervera C, De
Waele 1], et al. Randomized trial of micafungin for the preven-
tion of invasive fungal infection in high-risk liver transplant
recipients. Clin Infect Dis. 2015;60(7):997-1006.

Winston DJ, Limaye AP, Pelletier S, Safdar N, Morris MI,
Meneses K, et al. Randomized, double-blind trial of anidula-
fungin versus fluconazole for prophylaxis of invasive fungal
infections in high-risk liver transplant recipients. Am
J Transplant. 2014;14(12):2758-64.

Maurer JR. The spectrum of colonic complications in a lung
transplant population. Ann Transplant. 2000;5(3):54-7.

Bravo C, Gispert P, Borro JM, de la Torre M, Cifrian Martinez
JM, Fernandez Rozas S, et al. Prevalence and management of
gastrointestinal complications in lung transplant patients:
MITOS study group. Transplant Proc. 2007;39(7):2409-12.
Diaz B, Gonzalez Vilchez F, Almenar L, Delgado JF, Manito
N, Paniagua MJ, MITOS Study Group, et al. Gastrointestinal
complications in heart transplant patients: MITOS study.
Transplant Proc. 2007;39:2397-400.

Hadjiliadis D, Duane Davis R, Steele MP, Messier RH, Lau
CL, Eubanks SS, et al. Gastroesophageal reflux disease in lung
transplant recipients. Clin Transplant. 2003;17(4):363-8.
Young LR, Hadjiliadis D, Davis RD, Palmer SM. Lung trans-
plantation exacerbates gastroesophageal reflux disease. Chest.
2003;124(5):1689-93.

Berkowitz N, Schulman LL, McGregor C, Markowitz D.
Gastroparesis after lung transplantation. Potential role in postop-
erative respiratory complications. Chest. 1995;108(6):1602-7.
Sodhi SS, Guo JP, Maurer AH, O'Brien G, Srinivasan R,
Parkman HP. Gastroparesis after combined heart and lung
transplantation. J Clin Gastroenterol. 2002;34(1):34-9.
Verleden GM, Besse T, Maes B. Successful conversion from
cyclosporine to tacrolimus for gastric motor dysfunction in a
lung transplant recipient. Transplantation. 2002;73(12):1974-6.
Lau CL, Palmer SM, Howell DN, McMahon R, Hadjiliadis D,
Gaca J, et al. Laparoscopic antireflux surgery in the lung trans-
plant population. Surg Endosc. 2002;16(12):1674-8.



19. Gastrointestinal Infections After Solid Organ or Hematopoietic Cell Transplantation

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Davis Jr RD, Lau CL, Eubanks S, Messier RH, Hadjiliadis D,
Steele MP, et al. Improved lung allograft function after fundo-
plication in patients with gastroesophageal reflux disease
undergoing lung transplantation. J Thorac Cardiovasc Surg.
2003;125(3):533-42.

Curling TB. On acute ulceration of the duodenum in cases of
burn. Med Chir Trans. 1842;25:260-81.

Spirt MJ. Stress-related mucosal disease: risk factors and pro-
phylactic therapy. Clin Ther. 2004;26(2):197-213.

Bridges ND, Spray TL, Collins MH, Bowles NE, Towbin JA.
Adenovirus infection in the lung results in graft failure after
lung transplantation. J Thorac Cardiovasc Surg. 1998;116(4):
617-23.

Kemnitz J, Cremer J, Gebel M, Uysal A, Haverich A, Georgii
A. T-cell lymphoma after heart transplantation. Am J Clin
Pathol. 1990;94:95-101.

Gilljam M, Chaparro C, Tullis E, Chan C, Keshavjee S,
Hutcheon M. GI complications after lung transplantation in
patients with cystic fibrosis. Chest. 2003;123(1):37-41.
Sekela ME, Hutchins DA, Young JB, Noon GP. Biliary sur-
gery after cardiac transplantation. Arch Surg. 1991;126:
571-3.

Abu-Elmagd K, Reyes J, Bond G, Mazariegos G, Wu T,
Murase N, et al. Clinical intestinal transplantation: a decade of
experience at a single center. Ann Surg. 2001;234(3):404-16.
discussion 16-7.

Ziring D, Tran R, Edelstein S, McDiarmid SV, Gajjar N,
Cortina G, et al. Infectious enteritis after intestinal transplanta-
tion: incidence, timing, and outcome. Transplantation.
2005;79(6):702-9.

Pinchoff RJ, Kaufman SS, Magid MS, Erdman DD, Gondolesi
GE, Mendelson MH, et al. Adenovirus infection in pediatric
small bowel transplantation recipients. Transplantation.
2003;76(1):183-9.

Berho M, Torroella M, Viciana A, Weppler D, Thompson J,
Nery J, et al. Adenovirus enterocolitis in human small bowel
transplants. Pediatr Transplant. 1998;2(4):277-82.

Kaufman SS, Chatterjee NK, Fuschino ME, Magid MS,
Gordon RE, Morse DL, et al. Calicivirus enteritis in an intesti-
nal transplant recipient. Am J Transplant. 2003;3(6):764-8.
Tzakis AG. Cytomegalovirus prophylaxis with ganciclovir
and cytomegalovirus immune globulin in liver and intestinal
transplantation. Transpl Infect Dis. 2001;2:35-9.
Abu-Elmagd KM, Zak M, Stamos JM, Bond GJ, Jain A, Youk
AO, et al. De novo malignancies after intestinal and multivis-
ceral transplantation. Transplantation. 2004;77(11):1719-25.
Chehade M, Nowak-Wegrzyn A, Kaufman SS, Fishbein TM,
Tschernia A, LeLeiko NS. De novo food allergy after intesti-
nal transplantation: a report of three cases. J Pediatr
Gastroenterol Nutr. 2004;38(5):545-7.

Hockenbery D, Strasser S, McDonald G. Gastrointestinal and
hepatic complications. In: Appelbaum FR, Forman SJ, Negrin
RS, Antin JH, editors. Thomas’ hematopoietic cell transplan-
tation: stem cell transplantation. S5th ed. Hoboken, NJ: John
Wiley & Sons Inc; 2015.

Fries BC, Riddell SR, Kim HW, Corey L, Dahlgren C,
Woolfrey A, et al. Cytomegalovirus disease before hematopoi-
etic cell transplantation as a risk for complications after
transplantation. Biol Blood Marrow Transplant. 2005;11(2):
136-48.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

327

Velasco Guardado A, Lopez-Corral L, Perez-Simon JA,
Caballero-Velazquez T, Flores Corral T, Caballero Barrigon
D, et al. Helicobacter pylori infection and graft-versus-host
disease. Biol Blood Marrow Transplant. 2011;17(5):765-9.
Kang G, Srivastava A, Pulimood AB, Dennison D, Chandy
M. Etiology of diarrhea in patients undergoing allogeneic
bone marrow transplantation in South India. Transplantation.
2002;73(8):1247-51.

Muller CI, Zeiser R, Grullich C, Finke J, Bertz H, Schmitt-Graff
A, et al. Intestinal cryptosporidiosis mimicking acute graft-
versus-host disease following matched unrelated hematopoietic
stem cell transplantation. Transplantation. 2004;77(9):1478-9.
Sebastian E, Martin J, McDonald GB, Flores T, Rodriguez A,
Blanco A, et al. Cryptosporidium parvum infection vs GVHD
after hematopoietic SCT: diagnosis by PCR with resolution of
symptoms. Bone Marrow Transplant. 2011;46(4):612—4.
Schwartz S, Vergoulidou M, Schreier E, Loddenkemper C,
Reinwald M, Schmidt-Hieber M, et al. Norovirus gastroenteri-
tis causes severe and lethal complications after chemotherapy
and hematopoietic stem cell transplantation. Blood. 2011;
117(22):5850-6.

McLauchlin J, Amar CFL, Pedraza-Diaz S, Mieli-Vergani G,
Hadzic N, Davies EG. Polymerase chain reaction-based diagno-
sis of infection with Cryptosporidium in children with primary
immunodeficiencies. Pediatr Infect Dis J. 2003;22(4):329-35.
Dimicoli S, Bensoussan D, Latger-Cannard V, Straczek J,
Antunes L, Mainard L, et al. Complete recovery from
Cryptosporidium parvum infection with gastroenteritis and
sclerosing cholangitis after successful bone marrow transplan-
tation in two brothers with X-linked hyper-IgM syndrome.
Bone Marrow Transplant. 2003;32(7):733-7.

McCullough KD, McDonald GB. Neutropenic enterocolitis.
Curr Treatment Option Infect Dis. 2003;5:367-75.

Davila ML. Neutropenic enterocolitis: current issues in diagno-
sis and management. Curr Infect Dis Rep. 2007;9(2):116-20.
Lehrnbecher T, Marshall D, Gao C, Chanock SJ. A second
look at anorectal infections in cancer patients in a large cancer
institute: the success of early intervention with antibiotics and
surgery. Infection. 2002;30(5):272-6.

Ryan C, De Gascun CF, Powell C, Sheahan K, Mooney EE,
McCormick A, et al. Cytomegalovirus-induced cutaneous vas-
culopathy and perianal ulceration. ] Am Acad Dermatol.
2011;64(6):1216-8.

Strasser SI, McDonald GB. Gastrointestinal and hepatic com-
plications. In: Forman SJ, Appelbaum FR, Blume KG, Negrin
R, editors. Thomas’ hematopoietic cell transplantation. 4th ed.
Malden, MA: Blackwell Publishing Inc; 2009.

von Bahr L, Blennow O, Alm J, Bjorklund A, Malmberg KJ,
Mougiakakos D, et al. Increased incidence of chronic GVHD
and CMYV disease in patients with vitamin D deficiency before
allogeneic stem cell transplantation. Bone Marrow Transplant.
2015;50(9):1217-23.

Malone FR, Leisenring W, Schoch G, Stern J, Aker S, Lawler
R, et al. Prolonged anorexia and elevated plasma cytokine lev-
els following myeloablative allogeneic hematopoietic cell
transplant. Bone Marrow Transplant. 2007;40:765-72.

Wu D, Hockenberry DM, Brentnall TA, Baehr PH, Ponec RJ,
Kuver R, et al. Persistent nausea and anorexia after marrow
transplantation: a prospective study of 78 patients.
Transplantation. 1998;66(10):1319-24.



328

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

Weisdorf SA, Salati LM, Longsdorf JA, Ramsay NK, Sharp
HL. Graft-vs-host disease of the intestine: a protein-losing
enteropathy characterized by fecal alphal-antitrypsin.
Gastroenterology. 1983;85:1076-81.

Cox GJ, Matsui SM, Lo RS, Hinds M, Bowden RA, Hackman
RC, et al. Etiology and outcome of diarrhea after marrow
transplantation: a prospective study. Gastroenterology.
1994;107:1398-407.

Castilla-Llorente C, Martin PJ, McDonald GB, Storer BE,
Appelbaum FR, Deeg HJ, et al. Prognostic factors and out-
comes of severe gastrointestinal GVHD after allogeneic hema-
topoietic cell transplantation. Bone Marrow Transplant.
2014;49(7):966-71.

Sakai M, McDonald GB. Gastrointestinal and hepatic mani-
festations of chronic GVHD. In: Vogelsang G, Pavletic S, edi-
tors. Chronic graft-versus-host disease principles and practice
of interdisciplinary management. New York, NY: Cambridge
University Press; 2008.

Parfitt JR, Jayakumar S, Driman DK. Mycophenolate mofetil-
related gastrointestinal mucosal injury: variable injury pat-
terns, including graft-versus-host disease-like changes. Am
J Surg Pathol. 2008;32(9):1367-72.

Taur Y, Xavier JB, Lipuma L, Ubeda C, Goldberg J, Gobourne
A, et al. Intestinal domination and the risk of bacteremia in
patients undergoing allogeneic hematopoietic stem cell trans-
plantation. Clin Infect Dis. 2012;55(7):905-14.

Ye X, Van JN, Munoz FM, Revell PA, Kozinetz CA, Krance
RA, et al. Noroviruses as a cause of diarrhea in immunocom-
promised pediatric hematopoietic stem cell and solid organ
transplant recipients. Am J Transplant. 2015;15(7):1874-81.
Zaia J, Baden L, Boeckh MIJ, Chakrabarti S, Einsele H,
Ljungman P, et al. Viral disease prevention after hematopoietic
cell transplantation. Bone Marrow Transplant. 2009;44(8):
471-82.

van Burik JH, Leisenring W, Myerson D, Hackman RC,
Shulman HM, Sale GE, et al. The effect of prophylactic fluco-
nazole on the clinical spectrum of fungal diseases in bone mar-
row transplant recipients with special attention to hepatic
candidiasis: an autopsy study of 355 patients. Medicine
(Baltimore). 1998;77:246-54.

Maertens J, Marchetti O, Herbrecht R, Cornely O, Fliickiger
U, Frere P, et al. European guidelines for antifungal manage-
ment in leukemia and hematopoietic stem cell transplant recip-
ients: summary of the ECIL 3—2009 update. Bone Marrow
Transplant. 2011;46(5):709-18.

Ljungman P, Hakki M, Boeckh M. Cytomegalovirus in hema-
topoietic stem cell transplant recipients. Hematology.
2011;25(1):151-69.

Boeckh M, Nichols WG, Chemaly RF, Papanicolaou GA,
Wingard JR, Xie H, et al. Valganciclovir for the prevention of
complications of late cytomegalovirus infection after alloge-
neic hematopoietic cell transplantation: a randomized trial.
Ann Intern Med. 2015;162(1):1-10.

Boeckh M, Murphy W1J, Peggs KS. Recent advances in cyto-
megalovirus: an update on pharmacologic and cellular thera-
pies. Biol Blood Marrow Transplant. 2015;21(1):24-9.
Sonsino E, Mouy R, Foucaud P, Cezard JP, Aigrain Y, Bocquet
L, et al. Intestinal pseudoobstruction related to cytomegalovi-
rus infection of myenteric plexus (letter). N Engl J Med.
1984;311:196-7.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

C.J. Damman and G.B. McDonald

Baldwin A, Kingman H, Darville M, Foot AB, Grier D,
Cornish JM, et al. Outcome and clinical course of 100 patients
with adenovirus infection following bone marrow transplanta-
tion. Bone Marrow Transplant. 2000;26(12):1333-8.

La Rosa AM, Champlin RE, Mirza N, Gajewski J, Giralt S,
Rolston KV, et al. Adenovirus infections in adult recipients of
blood and marrow transplants. Clin Infect Dis. 2001;32(6):
871-6.

Bruno B, Gooley T, Hackman RC, Davis C, Corey L, Boeckh
M. Adenovirus infection in hematopoietic stem cell transplan-
tation: effect of ganciclovir and impact on survival. Biol Blood
Marrow Transplant. 2003;9(5):341-52.

Muller WJ, Levin MJ, Shin YK, Robinson C, Quinones R,
Malcolm J, et al. Clinical and in vitro evaluation of cidofovir
for treatment of adenovirus infection in pediatric hematopoi-
etic stem cell transplant recipients. Clin Infect Dis.
2005;41(12):1812-6.

Neofytos D, Ojha A, Mookerjee B, Wagner J, Filicko J, Ferber
A, et al. Treatment of adenovirus disease in stem cell trans-
plant recipients with cidofovir. Biol Blood Marrow Transplant.
2007;13(1):74-81.

Styczynski J, Gil L, Tridello G, Ljungman P, Donnelly JP, van
der Velden W, et al. Response to rituximab-based therapy and
risk factor analysis in Epstein Barr Virus-related lymphopro-
liferative disorder after hematopoietic stem cell transplant in
children and adults: a study from the Infectious Diseases
Working Party of the European Group for Blood and Marrow
Transplantation. Clin Infect Dis. 2013;57(6):794-802.

Zutter MM, Durnam DM, Hackman RC, Loughran TPJ, Kidd
PG, Ashley RL, et al. Secondary T-cell lymphoproliferation after
marrow transplantation. Am J Clin Pathol. 1990;94:714-21.
Collier AC, Miller RA, Meyers JD. Cryptosporidiosis after
marrow transplantation: person-to-person transmission and
treatment with spiramycin. Ann Intern Med. 1984;101:205-6.
Bromiker R, Korman SH, Or R, Hardan I, Naparstek E, Cohen
P, et al. Severe giardiasis in two patients undergoing bone mar-
row transplantation. Bone Marrow Transplant. 1989;4:701-3.
McDonald GB, Sullivan KM, Schuffler MD, Shulman HM,
Thomas ED. Esophageal abnormalities in chronic graft-
versus-host disease in humans. Gastroenterology. 1981;80:
914-21.

Minocha A, Mandanas RA, Kida M, Jazzar A. Bullous esopha-
gitis due to chronic graft-versus-host disease. Am
J Gastroenterol. 1997;92:529-30.

Patey-Mariaud De Serre N, Reijasse D, Verkarre V, Canioni D,
Colomb V, Haddad E, et al. Chronic intestinal graft-versus-host
disease: clinical, histological and immunohistochemical analy-
sis of 17 children. Bone Marrow Transplant. 2002;29:223-30.
Akpek G, Chinratanalab W, Lee LA, Torbenson M, Hallick JP,
Anders V, et al. Gastrointestinal involvement in chronic graft-
versus-host disease: a clinicopathologic study. Biol Blood
Marrow Transpl. 2003;1:46-51.

Yuen KY, Woo PC, Liang RH, Chiu EK, Chen FF, Wong SS,
et al. Clinical significance of alimentary tract microbes in bone
marrow transplant recipients. Diagn Microbiol Infect Dis.
1998;30(2):75-81.

Shimada K, Yokozawa T, Atsuta Y, Kohno A, Maruyama F,
Yano K, et al. Solid tumors after hematopoietic stem cell trans-
plantation in Japan: incidence, risk factors and prognosis.
Bone Marrow Transplant. 2005;36:115-21.


http://wwwncbinlmnihgov/pubmed/?term=Clinical+significance+of+alimentary+tract+microbes+in+bone+marrow+transplant+recipients#Diagnostic microbiology and infectious disease

19. Gastrointestinal Infections After Solid Organ or Hematopoietic Cell Transplantation

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

Borgaonkar MR, Duggan PR, Adams G. Differing clinical
manifestations of celiac disease transmitted by bone marrow
transplantation. Dig Dis Sci. 2006;51(1):210-2.

Sonwalkar SA, James RM, Ahmad T, Zhang L, Verbeke CS,
Barnard DL, et al. Fulminant Crohn’s colitis after allogeneic
stem cell transplantation. Gut. 2003;52(10):1518-21.

Akpek G, Valladares JL, Lee L, Margolis J, Vogelsang GB.
Pancreatic insufficiency in patients with chronic graft-versus-
host disease. Bone Marrow Transplant. 2001;27:163-6.
Vindigni SM, Surawicz CM. The gut microbiome: a clinically
significant player in transplantation? Expert Rev Clin
Immunol. 2015;11(7):781-3.

Grat M, Holowko W, Galecka M, Grat K, Szachtaz P,
Lewandowsk Z, et al. Gut microbiota in cirrhotic liver transplant
candidates. Hepatogastroenterology. 2014;61(134):1661-7.
Chassaing B, Etienne-Mesmin L, Gewirtz AT. Microbiota-
liver axis in hepatic disease. Hepatology. 2014;59(1):328-39.
Rai R, Saraswat VA, Dhiman RK. Gut microbiota: its role in
hepatic encephalopathy. J Clin Exp Hepatol. 2015;5 Suppl
1:S29-36.

Zhang Y, Chen J, Wu J, Chalson H, Merigan L, Mitchell A.
Probiotic use in preventing postoperative infection in liver
transplant patients. Hepatobiliary Surg Nutr. 2013;2(3):
142-7.

Lee JR, Muthukumar T, Dadhania D, Taur Y, Jenq RR,
Toussaint NC, et al. Gut microbiota and tacrolimus dosing in
kidney transplantation. PLoS One. 2015;10(3):e0122399.
Bartman C, Chong AS, Alegre ML. The influence of the
microbiota on the immune response to transplantation. Curr
Opin Organ Transplant. 2015;20(1):1-7.

Holler E, Butzhammer P, Schmid K, Hundsrucker C, Koestler
J, Peter K, et al. Metagenomic analysis of the stool microbi-
ome in patients receiving allogeneic stem cell transplantation:
loss of diversity is associated with use of systemic antibiotics
and more pronounced in gastrointestinal graft-versus-host dis-
ease. Biol Blood Marrow Transplant. 2014;20(5):640-5.
Sekirov I, Tam NM, Jogova M, Robertson ML, Li Y, Lupp C,
et al. Antibiotic-induced perturbations of the intestinal micro-
biota alter host susceptibility to enteric infection. Infect
Immun. 2008;76(10):4726-36.

Taur Y, Jenq RR, Perales MA, Littmann ER, Morjaria S, Ling
L, et al. The effects of intestinal tract bacterial diversity on
mortality following allogeneic hematopoietic stem cell trans-
plantation. Blood. 2014;124(7):1174-82.

Jenq RR, Ubeda C, Taur Y, Menezes CC, Khanin R, Dudakov
JA, et al. Regulation of intestinal inflammation by microbiota
following allogeneic bone marrow transplantation. J Exp Med.
2012;209(5):903-11.

Sekirov I, Finlay BB. The role of the intestinal microbiota in
enteric infection. J Physiol. 2009;587(17):4159-67.

Kuhn KA, Pedraza I, Demoruelle MK. Mucosal immune
responses to microbiota in the development of autoimmune
disease. Rheum Dis Clin N Am. 2014;40(4):711-25.

Baehr PH, McDonald GB. Esophageal infections: risk factors,
presentation, diagnosis, and treatment. Gastroenterology.
1994;106:509-32.

Rubin RH. Gastrointestinal infectious disease complications
following transplantation and their differentiation from
immunosuppressant-induced gastrointestinal toxicities. Clin
Transplant. 2001;4:11-22.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

329

Singh N, Chang FY, Gayowski T, Marino IR. Infections due to
dematiaceous fungi in organ transplant recipients: case report
and review. Clin Infect Dis. 1997;24:369-74.

Anderson LI, Frederiksen HJ, Appleyard M. Prevalence of
esophageal Candida colonization in a Danish population, with
special reference to esophageal symptoms, benign esophageal
disorders, and pulmonary disease. J Infect Dis. 1992;165:389.
Hackman RC, Wolford JL, Gleaves CA, Myerson D,
Beauchamp MD, Meyers JD, et al. Recognition and rapid
diagnosis of upper gastrointestinal cytomegalovirus infection
in marrow transplant recipients. A comparison of seven viro-
logic methods. Transplantation. 1994;57:231-7.

Walsh TJ, Belitsos NJ, Hamilton SR. Bacterial esophagitis in
immunocompromised patients. Arch Intern Med. 1986;146:
1345-9.

Gordon AH, Marshall JB. Esophageal tuberculosis: definitive
diagnosis by endoscopy. Am J Gastroenterol. 1990;85:174.
Augustine SM, Yeo CJ, Buchman TG, Achuff SC, Baumgartner
WA. Gastrointestinal complications in heart and in heart-lung
transplant patients. J Heart Lung Transpl. 1991;10(4):547-55.
discussion 55-6.

Reed EC, Wolford JL, Kopecky KJ, Lilleby KE, Dandliker PS,
Todaro JL, et al. Ganciclovir for the treatment of cytomegalo-
virus gastroenteritis in bone marrow transplant patients. A ran-
domized, placebo-controlled trial. Ann Intern Med. 1990;112:
505-10.

Yagi T, Karasuno T, Hasegawa T, Yasumi M, Kawamoto S,
Murakami M, et al. Acute abdomen without cutaneous signs
of varicella zoster virus infection as a late complication of
allogeneic bone marrow transplantation: importance of
empiric therapy with acyclovir. Bone Marrow Transplant.
2000;25(9):1003-5.

Arabia FA, Rosado LJ, Huston CL, Sethi GK, Copeland III
JG. Incidence and recurrence of gastrointestinal cytomegalo-
virus infection in heart transplantation. Ann Thorac Surg.
1993;55:8-11.

Smith DM, Agura E, Netto G, Collins R, Levy M, Goldstein R,
et al. Liver transplant-associated graft-versus-host disease.
Transplantation. 2003;75(1):118-26.

Assi MA, Pulido JS, Peters SG, McCannel CA, Razonable
RR. Graft-vs.-host disease in lung and other solid organ trans-
plant recipients. Clin Transplant. 2007;21(1):1-6.

Gulbahce HE, Brown CA, Wick M, Segall M, Jessurun
J. Graft-vs-host disease after solid organ transplant. Am J Clin
Pathol. 2003;119(4):568-73.

Ponec RJ, Hackman RC, McDonald GB. Endoscopic and his-
tologic diagnosis of intestinal graft-vs.-host disease after mar-
row transplantation. Gastrointest Endosc. 1999;49:612-21.
Holmberg L, Kikuchi K, Gooley TA, Adams KM, Hockenbery
DM, Flowers MED, et al. Gastrointestinal graft-versus-host
disease in recipients of autologous hematopoietic stem cells:
incidence, risk factors, and outcome. Biol Blood Marrow
Transpl. 2006;12(2):226-34.

Spencer GD, Hackman RC, McDonald GB, Amos DE,
Cunningham BA, Meyers JD, et al. A prospective study of
unexplained nausea and vomiting after marrow transplanta-
tion. Transplantation. 1986;42:602—7.

Eagle DA, Gian V, Lauwers GY, Manivel JC, Moreb JS,
Mastin S, et al. Gastroparesis following bone marrow trans-
plantation. Bone Marrow Transplant. 2001;28(1):59-62.



330

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

Brand RE, DiBaise JK, Quigley EM, Gobar LS, Harmon KS,
Lynch JC, et al. Gastroparesis as a cause of nausea and vomit-
ing after high-dose chemotherapy and haemopoietic stem-cell
transplantation. Lancet. 1998;352(9145):1985. see comments.
DiBaise JK, Lyden E, Tarantolo SR, Bierman PJ, Brand RE. A
prospective study of gastric emptying and its relationship to
the development of nausea, vomiting, and anorexia after autol-
ogous stem cell transplantation. Am J Gastroenterol.
2005;100(7):1571-7.

Pescovitz MD, Navarro MT. Immunosuppressive therapy and
post-transplantation diarrhea. Clin Transplant. 2001;4:23-8.
Rampling A, Warren RE, Berry PJ, Swirsky D, Hoggarth CE,
Bevan PC. Atypical Clostridium difficile colitis in neutropenic
patients (letter). Lancet. 1982;2:162-3.

Gorschluter M, Glasmacher A, Hahn C, Schakowski F, Ziske
C, Molitor E, et al. Clostridium difficile infection in patients
with neutropenia. Clin Infect Dis. 2001;33(6):786-91.

Gellad ZF, Alexander BD, Liu JK, Griffith BC, Meyer AM,
Johnson JL, et al. Severity of Clostridium difficile-associated
diarrhea in solid organ transplant patients. Transpl Infect Dis.
2007;9(4):276-80.

Keven K, Basu A, Re L, Tan H, Marcos A, Fung JJ, et al.
Clostridium difficile colitis in patients after kidney and pancreas-
kidney transplantation. Transpl Infect Dis. 2004;6(1):10-4.
Cesaro S, Chinello P, Rossi L, Zanesco L. Saccharomyces
cerevisiae fungemia in a neutropenic patient treated with
Saccharomyces boulardii. Support Care Cancer. 2000;8(6):
504-5.

Dubberke ER, Gerding DN, Classen D, Arias KM, Podgorny
K, Anderson DJ, et al. Strategies to prevent clostridium diffi-
cile infections in acute care hospitals. Infect Control Hosp
Epidemiol. 2008;29 Suppl 1:S81-92.

Muto CA, Blank MK, Marsh JW, Vergis EN, O'Leary MM,
Shutt KA, et al. Control of an outbreak of infection with the
hypervirulent Clostridium difficile BI strain in a university
hospital using a comprehensive “bundle” approach. Clin Infect
Dis. 2007;45(10):1266-73.

Bhatt AS, Freeman SS, Herrera AF, Pedamallu CS, Gevers D,
Duke F, et al. Sequence-based discovery of Bradyrhizobium
enterica in cord colitis syndrome. N Engl J Med. 2013;369(6):
517-28.

Gorkiewicz G, Trajanoski S, Hogenauer C. Bradyrhizobium
enterica in cord colitis syndrome. N Engl J Med.
2013;369(19):1866-7.

Herrera AF, Soriano G, Bellizzi AM, Hornick JL, Ho VT,
Ballen KK, et al. Cord colitis syndrome in cord-blood stem-
cell transplantation. N Engl J Med. 2011;365(9):815-24.
Gupta NK, Masia R. Cord colitis syndrome: a cause of granu-
lomatous inflammation in the upper and lower gastrointestinal
tract. Am J Surg Pathol. 2013;37(7):1109-13.

Matuchansky C. Cord colitis syndrome in cord-blood stem-
cell transplantation. N Engl J Med. 2011;365(24):2336-7.
author reply 7-8.

Milano F, Shulman HM, Guthrie KA, Riffkin I, McDonald
GB, Delaney C. Late-onset colitis after cord blood transplanta-
tion is consistent with graft-versus-host disease: results of a
blinded histopathological review. Biol Blood Marrow
Transplant. 2014;20(7):1008-13.

Anonymous. Clostridium septicum infection and neutropenic
enterocolitis (editorial). Lancet. 1987;2:608.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

C.J. Damman and G.B. McDonald

Cordonnier C, Martino R, Trabasso P, Held TK, Akan H, Ward
MS, et al. Mycobacterial infection: a difficult and late diagno-
sis in stem cell transplant recipients. Clin Infect Dis.
2004;38(9):1229-36.

Nicholson O, Feja K, LaRussa P, George D, Unal E, Della
Latta P, et al. Nontuberculous mycobacterial infections in
pediatric hematopoietic stem cell transplant recipients: case
report and review of the literature. Pediatr Infect Dis
J.2006;25(3):263-7.

Fang GD, Yu VL, Vickers RM. Disease due to the Legionellaceae
(other than Legionella pneumophila). Historical, microbiologi-
cal, clinical, and epidemiological review. [erratum appears in
Medicine (Baltimore) 1989;68(4):209].

Spencer GD, Shulman HM, Myerson D, Thomas ED,
McDonald GB. Diffuse intestinal ulceration after marrow
transplantation: a clinical-pathological study of 13 patients.
Hum Pathol. 1986;17:621-33.

Tajima T. An autopsy case of primary cytomegalic inclusion
enteritis with remarkable hypoproteinemia. Acta Pathol Jpn.
1974;24:151-62.

Underwood JCE, Corbett CL. Persistent diarrhea and hypoal-
buminemia associated with cytomegalovirus enteritis. Br Med
J. 1978;1:1029-30.

Remzi FH. Colonic complications of organ transplantation.
Transplant Proc. 2002;34(6):2119-21.

Lewis-Jones HG, Ward RG, Garvey C. Cytomegalovirus
infection masquerading as colonic neoplasia. Br J Radiol.
1990;63:573-4.

van Burik JA, Lawatsch EJ, DeFor TE, Weisdorf DJ.
Cytomegalovirus enteritis among hematopoietic stem cell
transplant recipients. Biol Blood Marrow Transpl. 2001;7(12):
674-9.

Fishman JA, Emery V, Freeman R, Pascual M, Rostaing L,
Schlitt HJ, et al. Cytomegalovirus in transplantation—
challenging the status quo. Clin Transplant. 2007;21(2):
149-58.

Shields AF, Hackman RC, Fife KH, Corey L,
Meyers JD. Adenovirus infections in patients undergoing
bone-marrow transplantation. N Engl J Med. 1985;312:
529-33.

Walls T, Shankar AG, Shingadia D. Adenovirus: an increas-
ingly important pathogen in paediatric bone marrow transplant
patients. Lancet Infect Dis. 2003;3(2):79-86.

Michaels MG, Green M, Wald ER, Starzl TE. Adenovirus
infection in pediatric liver transplant recipients. J Infect Dis.
1992;165:170-4.

Lion T, Kosulin K, Landlinger C, Rauch M, Preuner S, Jugovic
D, et al. Monitoring of adenovirus load in stool by real-time
PCR permits early detection of impending invasive infection
in patients after allogeneic stem cell transplantation. Leukemia.
2010;24(4):706-14.

Anderson EJ, Guzman-Cottrill JA, Kletzel M, Thormann K,
Sullivan C, Zheng X, et al. High-risk adenovirus-infected
pediatric allogeneic hematopoietic progenitor cell transplant
recipients and preemptive cidofovir therapy. Pediatr
Transplant. 2008;12(2):219-27.

Leruez-Ville M, Chardin-Ouachee M, Neven B, Picard C, Le
Guinche I, Fischer A, et al. Description of an adenovirus A31
outbreak in a paediatric haematology unit. Bone Marrow
Transplant. 2006;38(1):23-8.



19. Gastrointestinal Infections After Solid Organ or Hematopoietic Cell Transplantation

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

Mattner F, Sykora KW, Meissner B, Heim A. An adenovirus
type F41 outbreak in a pediatric bone marrow transplant unit:
analysis of clinical impact and preventive strategies. Pediatr
Infect Dis J. 2008;27(5):419-24.

Ljungman P. Treatment of adenovirus infections in the immu-
nocompromised host. Eur J Clin Microbiol Infect Dis.
2004;23(8):583-8.

Tomblyn M, Chiller T, Einsele H, Gress R, Sepkowitz K, Storek
J, et al. Guidelines for preventing infectious complications
among hematopoietic cell transplant recipients: a global per-
spective. Preface. Bone Marrow Transplant. 2009;44(8):453-5.
Humar A, Kumar D, Mazzulli T, Razonable RR, Moussa G,
Paya CV, et al. A surveillance study of adenovirus infection in
adult solid organ transplant recipients. Am J Transplant.
2005;5(10):2555-9.

Willoughby RE, Wee SB, Yolken RH. Non-group A rotavirus
infection associated with severe gastroenteritis in a bone mar-
row tranplant patient. Pediatr Infect Dis J. 1988;7:133-5.
Sebire NJ, Malone M, Shah N, Anderson G, Gaspar HB,
Cubitt WD. Pathology of astrovirus associated diarrhoea in a
paediatric bone marrow transplant recipient. J Clin Pathol.
2004;57(9):1001-3.

Rodriguez-Baez N, O'Brien R, Qiu SQ, Bass DM. Astrovirus,
adenovirus, and rotavirus in hospitalized children: prevalence
and association with gastroenteritis. J Pediatr Gastroenterol
Nutr. 2002;35(1):64-8.

Kamboj M, Mihu CN, Sepkowitz K, Kernan NA, Papanicolaou
GA. Work-up for infectious diarrhea after allogeneic hemato-
poietic stem cell transplantation: single specimen testing
results in cost savings without compromising diagnostic yield.
Transpl Infect Dis. 2007;9(4):265-9.

Liakopoulou E, Mutton K, Carrington D, Robinson S, Steward
CG, Goulden NJ, et al. Rotavirus as a significant cause of pro-
longed diarrhoeal illness and morbidity following allogeneic
bone marrow transplantation. Bone Marrow Transplant.
2005;36(8):691-4.

Stelzmueller I, Wiesmayr S, Swenson BR, Biebl M, Goegele
H, Margreiter R, et al. Rotavirus enteritis in solid organ trans-
plant recipients: an underestimated problem? Transpl Infect
Dis. 2007;9(4):281-5.

Fitts SW, Green M, Reyes J, Nour B, Tzakis AG, Kocoshis
SA. Clinical features of nosocomial rotavirus infection in
pediatric liver transplant recipients. Clin Transplant. 1995;9
(3Pt 1):201-4.

Stelzmueller I, Dunst KM, Hengster P, Wykypiel H, Steurer
W, Wiesmayr S, et al. A cluster of rotavirus enteritis in adult
transplant recipients. Transpl Int. 2005;18(4):470—4.

Mattner F, Sohr D, Heim A, Gastmeier P, Vennema H,
Koopmans M. Risk groups for clinical complications of noro-
virus infections: an outbreak investigation. Clin Microbiol
Infect. 2006;12(1):69-74.

Kaufman SS, Chatterjee NK, Fuschino ME, Morse DL,
Morotti RA, Magid MS, et al. Characteristics of human calici-
virus enteritis in intestinal transplant recipients. J Pediatr
Gastroenterol Nutr. 2005;40(3):328-33.

Danna PL, Urban C, Bellin E, Rahal JJ. Role of candida in
pathogenesis of antibiotic-associated diarrhea in elderly
patients. Lancet. 1991;337:511-4.

Prescott RJ, Harris M, Banerjee SS. Fungal infections of the
small and large intestine. J Clin Pathol. 1992;45:806-11.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

331

Pinto-Marques P, Hockenbery DM, Hackman RC, Tapper D,
McDonald GB. Successful medical treatment of intestinal
ulceration caused by Rhizopus microsporus. Bone Marrow
Transplant. 2003;32(7):739-40.

Sing A, Tybus K, Heesemann J, Mathis A. Molecular diagno-
sis of an Enterocytozoon bieneusi human genotype C infection
in a moderately immunosuppressed human immunodeficiency
virus seronegative liver-transplant recipient with severe
chronic diarrhea. J Clin Microbiol. 2001;39(6):2371-2.
Review [5 refs].

Goetz M, Eichenlaub S, Pape GR, Hoffmann RM. Chronic
diarrhea as a result of intestinal microsporidiosis in a liver
transplant recipient. Transplantation. 2001;71(2):334-7.
Rabodonirina M, Bertocchi M, Desportes-Livage I, Cotte L,
Levrey H, Piens MA, et al. Enterocytozoon bieneusi as a cause
of chronic diarrhea in a heart-lung transplant recipient who
was seronegative for human immunodeficiency virus. Clin
Infect Dis. 1996;23(1):114-7. see comments.

Guerard A, Rabodonirina M, Cotte L, Liguory O, Piens MA,
Daoud S, et al. Intestinal microsporidiosis occurring in two
renal transplant recipients treated with mycophenolate mofetil.
Transplantation. 1999;68(5):699-707.

Mittal N, Thompson JF, Kato T, Tzakis AG. Tacrolimus and
diarrhea: pathogenesis of altered metabolism. Pediatr
Transplant. 2001;5(2):75-9. letter; comment.

Eades SK, Boineau FG, Christensen ML. Increased tacrolimus
levels in a pediatric renal transplant patient attributed to
chronic diarrhea. Pediatr Transplant. 2000;4(1):63-6.
Hardinger KL, Hebbar S, Bloomer T, Murillo D. Adverse drug
reaction driven immunosuppressive drug manipulations: a
single-center comparison of enteric-coated mycophenolate
sodium vs. mycophenolate mofetil. Clin Transplant. 2008;22:
555-61.

Kaplan B, Meier-Kriesche HU, Jacobs MG, Friedman G,
Bonomini L, DeFranco P, et al. Prevalence of cytomegalovirus
in the gastrointestinal tract of renal transplant recipients with
persistent abdominal pain. Am J Kidney Dis. 1999;34(1):65-8.
Hoekstra HJ, Hawkins K, de Boer WJ, Rottier K, van der Bij
W. Gastrointestinal complications in lung transplant survivors
that require surgical intervention. Br J Surg. 2001;88(3):433-8.
Zainudin BM, Kassim F, Annuar NM, Lim CS, Ghazali AK,
Murad Z. Disseminated histoplasmosis presenting with ileal
perforation in a renal transplant recipient. J Trop Med Hygiene.
1992;95:276-9.

Dominguez Fernandez E, Albrecht KH, Heemann U, Kohnle
M, Erhard J, Stoblen F, et al. Prevalence of diverticulosis and
incidence of bowel perforation after kidney transplantation in
patients with polycystic kidney disease. Transpl Int.
1998;11(1):28-31.

Nomdedeu JF, Nomdedeu J, Martino R, Bordes R, Portorreal
R, Sureda A, et al. Ogilvie’s syndrome from disseminated
varicella-zoster infection and infarcted celiac ganglia. J Clin
Gastroenterol. 1995;20:157-9.

Grant RM, Weitzman SS, Sherman CG, Sirkin WL, Petric M,
Tellier R. Fulminant disseminated Varicella Zoster virus infec-
tion without skin involvement. J Clin Virol. 2002;24(1-2):7-12.
Yong S, Attal H, Chejfec G. Pseudomembranous gastritis: a
novel complication of Aspergillus infection in a patient with a
bone marrow transplant and graft versus host disease. Arch
Pathol Lab Med. 2000;124(4):619-24.



332

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

Cartoni C, Dragoni F, Micozzi A, Pescarmona E, Mecarocci S,
Chirletti P, et al. Neutropenic enterocolitis in patients with acute
leukemia: prognostic significance of bowel wall thickening
detected by ultrasonography. J Clin Oncol. 2001;19(3):756-61.
Schlatter M, Snyder K, Freyer D. Successful nonoperative
management of typhlitis in pediatric oncology patients.
J Pediatr Surg. 2002;37(8):1151-5.

Baerg J, Murphy JJ, Anderson R, Magee JF. Neutropenic
enteropathy: a 10-year review. J Pediatr Surg. 1999;
34(7):1068-71.

Wahbeh G, Hupertz V, Hallowell S, Patel R, Chrisant
MR. Idiopathic colitis following cardiac transplantation: three
pediatric cases. Pediatr Transplant. 2003;7(6):464-8.
Knechtle SJ, Davidoff AM, Rice RP. Pneumatosis intestinalis.
Surgical management and clinical outcome. Ann Surg.
1990;212:160-5.

Glenn J, Cotton D, Wesley R, Pizzo P. Anorectal infections in
patients with malignant disease. Rev Infect Dis. 1988;16:
42-52.

Corfitsen MT, Hansen CP, Christensen TH, Kaae HH. Anorectal
abscesses in immunosuppressed patients. Eur J Surg.
1992;158(1):51-3.

Kalb RE, Grossman ME. Chronic perianal herpes simplex in
immunocompromised hosts. Am J Med. 1986;80:486—90.
Schwartz JM, Wolford JL, Thornquist MD, Hockenbery DM,
Murakami CS, Drennan F, et al. Severe gastrointestinal bleed-
ing after marrow transplantation, 1987-1997: incidence,
causes, and outcome. Am J Gastroenterol. 2001;96:385-93.
Dummer JS, White LT, Ho M, Griffith BP, Hardesty RL, Bahnson
HT. Morbidity of cytomegalovirus infection in recipients of heart

277.

278.

279.

280.

281.

282.

283.

284.

C.J. Damman and G.B. McDonald

or heart-lung transplants who received cyclosporine. J Infect Dis.
1985;152(6):1182-91.

Hofflin JM, Potasman I, Baldwin JC, Oyer PE, Stinson EB,
Remington JS. Infectious complications in heart transplant
recipients receiving cyclosporine and corticosteroids. Ann
Intern Med. 1987;106(2):209-16.

In: Kahan BD, Ponticelli C, editors. 1 ed., London: Martin
Dunitz Ltd.; 2000.

Rattner HM, Cooper DJ, Zaman MB. Severe bleeding from
herpes esophagitis. Am J Gastroenterol. 1985;80:523.
Stylianos S, Chen MH, Treat MR, LoGerfo P, Rose EA.
Colonic lymphoma as a cause of massive rectal bleeding in a
cardiac transplant recipient. J Cardiovasc Surg. 1990;31:
315-7.

Zutter MM, Martin PJ, Sale GE, Shulman HM, Fisher L,
Thomas ED, et al. Epstein-Barr virus lymphoproliferation
after bone marrow transplantation. Blood. 1988;72:520-9.
Kornbluth AA, Danzig JB, Bernstein LH. Clostridium septi-
cum infection and associated malignancy. Report of 2 cases

and review of the literature. Medicine (Baltimore).
1989;68:30-7.
Nevo S, Swan V, Enger C. Acute bleeding after bone marrow

transplantation (BMT)-incidence and effect on survival. A
quantitative analysis in 1402 patients. Blood. 1998:91:
1469-717.

Selinger RRE, McDonald GB, Hockenbery DM, Steinbach G,
Kimmey MB. Efficacy of neodymium: YAG laser therapy for
gastric antral vascular ectasia (GAVE) following hematopoi-
etic cell transplant. Bone Marrow Transplant. 2006;37(2):
191-7.



	19
: Gastrointestinal Infections After Solid Organ or Hematopoietic Cell Transplantation
	19.1 Introduction
	19.2 Gastrointestinal Infections After Solid Organ Transplantation
	19.2.1 Kidney and Kidney–Pancreas Transplant
	19.2.2 Pancreas Transplant
	19.2.3 Liver Transplant
	19.2.4 Heart, Lung, and Heart/Lung Transplant
	19.2.5 Intestine and Intestine: Liver Transplant

	19.3 Gastrointestinal Infections Before and After Hematopoietic Cell Transplantation (HCT)
	19.3.1 Gastrointestinal Infections Before the Start of Conditioning Therapy
	19.3.2 Gastrointestinal Infections During the First Year After HCT
	19.3.3 Gastrointestinal Infections in Long-­Term Transplant Survivors

	19.4 Intestinal Microbiota in Transplant Patients
	19.5 A Problem-Oriented Approach to Diagnosis of Gastrointestinal Infections After Transplant
	19.5.1 Heartburn, Odynophagia, and Dysphagia
	19.5.1.1	 Fungal Esophagitis
	19.5.1.2	 Viral Esophagitis
	19.5.1.3	 Bacterial Esophagitis
	19.5.1.4	 Noninfectious Causes of Esophageal Symptoms

	19.5.2 Anorexia, Nausea, and Vomiting
	19.5.2.1	 Noninfectious Causes of Upper Gut Symptoms

	19.5.3 Diarrhea
	19.5.3.1	 Bacterial Causes
	19.5.3.2	 Viral Causes
	19.5.3.3	 Fungal Causes
	19.5.3.4	 Parasitic Causes
	19.5.3.5	 Noninfectious Causes (Tables 19-2 and 19-3)

	19.5.4 Abdominal Pain
	19.5.4.1	 Noninfectious Causes (Tables 19-2 and 19-3)

	19.5.5 Perianal Pain
	19.5.5.1	 Noninfectious Causes (Tables 19-2 and 19-3)

	19.5.6 Gastrointestinal Bleeding
	19.5.6.1	 Noninfectious Causes (Tables 19-2 and 19-3)


	References


