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ssually Jast less than 2 weeks before spontaneously resolving
o unocompetent hosts. Immunocompromised Ppatients,
o rticular patients with AIDS, can develop serious ang pro-
Jonged infection. Di.agnlosis from stool can be pursued micro-
eoplC ally by visl?allza‘tlon of oocysts with modified acid-fast
aining EIA or direct immunofluorescent antibody testing, or
* olecular testing. Treatment for immunocompetent Ppatients
© ually consists of supportive care. When antimicrobja] agents
o considered for severe or prolonged infection, nitazoxanide
- commended. In HIV-infected patients, antiretroviral ther-
apy is MOSt effective in resolving infection.
Y : 450 T e
« Municipal water supplies and swimming pools can be g
source of Cryptosporidium infection.

« Microscopic visualization of oocysts in stoo] using modi-
fied acid-fast staining, enzyme immunoassay or direct
immunofluorescent antibody testing, or molecular testing
can provide a diagnosis of Cryptosporidium infection,

o Treatment of Cryptosporidium infection consists of
supportive care for most immunocompetent hosts or
nitazoxanide for severe or prolonged infection; antiret-
roviral therapy is most effective in resolving infection in
HIV-infected patients.

Amebiasis

Entamoeba histolytica is responsible for amebiasis. In the
United States, most infections are diagnosed in travelers return-
ing from visits to unsanitary tropical or developing countries,
immigrants from these areas, persons in institutionalized set-
tings, or those who practice oral-anal sex. Amebiasis is highly
infectious, with ingestion of only a small number of infective
cysts needed for infection. The incubation period is 2 to 4 weeks.
Clinical findings are described in Table 46. Colonic perforation,
peritonitis, and death may complicate more fulminant infec-
tions. Risk factors for severe infection in adults include immu-
nodeficiency. Microscopic visualization of cysts or trophozoites,
stool antigen immunoassay testing, stool molecular testing, and
serologic antibody testing can provide a diagnosis, although the
latter does not distinguish current from remote infection.
Treatment is recommended for all infected patients. In sympto-
matic patients, treatment with metronidazole or tinidazole is
recommended initially for parasitic clearance followed by an
intraluminal amebicide, such as paromomycin or diloxanide,
for cyst clearance. In asymptomatic infections, an intraluminal
agent for eradication of cysts is recommended.

* Treatment is recommended for all patients with amebi-
asis; for symptomatic patients, metronidazole or tinida-
zole is recommended initially for parasitic clearance fol-
lowed by an intraluminal amebicide for cyst clearance,
and for asymptomatic patients, an intraluminal agent
for eradication of cysts is recommended.

Infections in Transplant Recipients

Cyclospora Infection

Cyclospora infections are typically acquired after consump-
tion of food or water that is fecally contaminated with
Cyclospora oocysts. In the United States, many of these infec-
tions have been traced to imported fresh produce from tropical
and subtropical areas or have occurred in travelers to endemic
areas. The incubation period is approximately 1 week.
Symptoms can last for several weeks and may be more pro-
nounced in HIV-infected patients (Table 46).

KEY POINT

* Cyclospora infection is typically diagnosed microscopi-
cally by visualization of oocysts with modified acid-fast
staining, microscopy with ultraviolet fluorescence, or
molecular testing; trimethoprim-sulfamethoxazole is
recommended for treatment of symptomatic infection.

Infections in Transplant
Recipients

Introduction

The occurrence of solid organ transplantation (SOT) and
hematopoietic stem cell transplantation (HSCT) procedures
continues to increase, as do long-term survival rates owing to
improved management of rejection and decreased complica-
tions. With more patients living longer after transplantation,
awareness of principles involved in the recognition and pre-
vention of infection in transplant recipients remains impor-
tant for physicians who are not transplant specialists.

Despite improvements in immunosuppression and anti-
microbial therapy, infection remains a significant cause of
morbidity and mortality after SOT and HSCT. Infection is the
most common cause of death in the first year after SOT.
Additionally, the interaction of the immune system and infec-
tion is bidirectional; although immune suppression to prevent
rejection increases risk of infection, infection also raises the
risk of rejection.

Antirejection Drugs in
Transplant Recipients

Success after transplantation depends on modulating the
immune system to prevent organ rejection in SOT and to mini-
mize graft-versus-host disease (GVHD) in allogeneic HSCT.
Antirejection regimens involve multiple agents (Table 50) with
different mechanisms of action, which are chosen to minimize
overlapping toxicities. After SOT, an induction and mainte-
nance strategy is applied; immunosuppression is most inten-
sive in the first month after transplantation and often includes
lymphocyte depletion therapy. Immunosuppression may
require intensification during episodes of rejection, with asso-
ciated increased risk of infection.

75




y

Infections in Transplant Recipients

mon Infect

Timeline of Com

Class

Agents

Glucocorticoids

Cytotoxic agents (DNA
synthesis inhibitors,
antimetabolites)

Calcineurin pathway
inhibitors

mTOR inhibitors

Prednisone, others
Mycophenolate mofetil
Mycophenolate sodium
Azathioprine
Methotrexate
Cyclophosphamide
Cyclosporine
Tacrolimus

Sirolimus (rapamycin)

TABLE 51.
Organ Trans|

plantatioﬂ

Middle Period

Late Periog

Everolimus

Lymphocyte-depleting

antibodies
Polyclonal Antithymocyte globulins
Monoclonal Muromonab (anti-CD3)

Basiliximab (anti-IL-2 receptor)
Daclizumab (anti-IL-2 receptor)
Rituximab (anti-CD20)
Alemtuzumab (anti-CD52)

IL-2 = interleukin-2; mTOR = mammalian target of rapamycin.

Steroid-sparing or minimizing regimens are increasingly
used to avoid the toxicities of long-term steroid therapy.
Tacrolimus, cyclosporine, or sirolimus are the cornerstones,
usually with mycophenolate or, less commonly, azathioprine.
Drug interactions are common with these agents, and many
drugs can affect antirejection medication levels. Monitoring is
important to balance adequate immunosuppression with
toxicity.

¢ Glucocorticoid-sparing or minimizing regimens (with
tacrolimus, cyclosporine, or sirolimus) are increasingly
used to avoid the toxicities of long-term steroid therapy.

Posttransplantation Infections

Timeline and Type of Transplant
Infection may occur at

% any time after ;
periods of highest transplantation, but

immunosuppression, usually within the
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jod
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methici”;“‘ (including PTLD)  Varicella.zoqe,
resistant infection Virus infoc

n
Nosocomial gram- erpes simplex Community.
negative bacterial ;s infection acquired
mfedlor.‘ y Varicella-zoster pneumonia
Clgsr;idforﬁ?: virus infection Urinary tract
ifficile coli ; !
et c‘ . Polyoravirus BK infections
Candida infection o tion — .
Aspergillus Pneumocystis infection
infection - jirovecii infection ﬁﬁ%‘me Falovingg
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infections Trypanosoma,
Hospital-acquired Strongyloides
piumona Listeria infection
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-L:l;:;%::d reactivation
i

Fungal infections,

including

Cryptococcus

PTLD = posttransplant lymphoproliferative disorder.

sFor opportunistic infections in the late period, risk depends on level of
immunosuppression. Infections such as Pneumocystis and other fungi, Listeria, and
Nocardia can be seen in the late period in patients with higher immunosuppression.

in the late period depends on the immunosuppression level
required. In the first month after SOT, infections are similarto
those seen in other hospitalized postsurgical patients, includ-
ing a risk of resistant bacteria, and most often involve the
lungs, urinary tract, and surgical sites, The middle period ust-
ally encompasses the most intensive immunosuppression
with significant risk for viral (such as cytomegalovirus) ard
fungal (such as Pneumocystis) infections owing to defects in
cell-mediated immunity. If immunosuppression can be &
e'scalated during the late period, risk for opportunistic infec-
tions decreases overall, but patients remain at risk for certd”
viral infections and have increased risk for communi
acquired bacterial infections,

For some infections, the risk strongly depends on don
and recipient characteristics. Standard donor and recipifn'
p_retransplantation testing includes serologies for cytom® 0
ElmS; Epstein-Barr virus; varicella-zoster virus; HIV; hept™
L;n%hand E viruses; syphilis; toxoplasmosis; and strongyloi®®
_cishmania, and Trypanosoma if from an endemic a7€4:°
E:i:femn_y release assay for latent tuberculosis iﬂfecnon.'
et s nd g sy
ing diagnosis of comnmbuté to altered presentatior

mon infections more challe®
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infectious complications such as GVHD or malignancy
No lso be confused with infection.

may pisk after HSCT is much greater for allogeneic than
tologous transplantation because of the myeloablative con-
al.l-onjng regimen. After allogeneic HSCT, patients undergo a
dlrglonged period of intense neutropenia, putting them at risk
r pacterial infections, Ca‘ndida anf:'l mold infections, and
herpes SImplex and othe.r RS reactivation. This is followed
bya prolonged period (_)f impaired cell-mediated and humora]
jmmunity because of immunosuppression to reduce GVHD.
b evelopment of chronic GVHD can also increase risk for
infections caused by immune system effects and breakdowns
in mucosal and other barriers. Infections in this later period
are similar to those in the later period after SOT. Figure 33

Infections in Transplant Recipients

shows the timeline of risk for specific infections after alloge-
neic HSCT.

KEY POINTS

* Infection may occur at any time after transplantation
but is most likely at periods of highest immunosuppres-
sion; the risk for specific organisms varies depending
on the time after transplantation.

* Infection risk is much greater after allogeneic than
autologous hematopoietic stem cell transplantation
because of myeloablative conditioning with a prolonged
period of neutropenia and immunosuppression given to
reduce graft-versus-host disease.

Phase I, Preeng raftment,

Phase Il Postengraftment,

Phase lll, Late phase,

30-100 days >100 days

<30 days
. Neutropenia, mucositis,
Host 'm?‘;"; s and acute graft-versus-
system dete host disease

Impaired cellular immunity

and acute and chronic graft- )é :}‘::';g:’:'g‘::g::;;ﬂ Sa_nd 9-

versus-host disease

Impaired cellular and

host disease

f——

[ Herpes simplex virusab

Facultative gram-negative bacilli

Device risk pmmmmmm Central line _ﬁ
Allogeneic [ Respiratory and enterif viruses M
patients

|_ Cytomegalovirus2b j

s Epstein-Barr virug lymphoproliferative diseaseb 9

Varicella-zoster
virusb

Streptococcus epidermidis

Gastrointestinal tract Streptococcus species

Encapsulated bacteria >
(e.g., pneumococcus)

L All Candida species

—

[ Aspergillus species

—

Strongyloides stercoralis »

Aspergillus species

| —

[ Pneumocystis jirovecii ]

%

Toxoplasma| gondii

100 360

Days after transplant

High incidence (=10%)
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e )

»

é Episodic and endemic
»

Continuous risk
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SURE 33, Phages of opportunistic infections in allogeneic hematopoietic stem cell transplant recipients.
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I Jant Recipients i
Infections in Transpla .cease. Related t0 persistently low antibody levelg
disease. sms such as Streptococcus pneumonm

Specific Posttransplantation Infections

tions A ction after
Viral Infections the most significant viral h?fe donor
Cytomegalovirus is depending on

aneplaRiaII, sy fo;g;e::: rslsk for cytomegalovi_
ini er ' ive,

ani restptont 470 069 Affd nor—positlvelrecipient-negative
9 and lowest for

is highest (>50%) for .
:l?:e:fnl;ﬁate (15%-20%) for recipient—pomlt;\::a s, Risk 15
donor—negative/recipient-negative trans;; e lymphocyte—
also significantly increaii‘t;ld ;v;t;:eru:llogeneic B th

ing agents. Compara ; ) vl
:'iiesl‘zle:l?gcytgomegalovirus is highest for d(:r;;)‘rriil:fi;s .
recipient-positive transplantation:s. Cytomegalwirus ok
immunomodulatory virus, and active cy"(orrfeg T tesof
tion after transplantation is associated w1t.h mc;ea an——
rejection and GVHD, as well as increases in other opp

istic infections and posttransplant lymphoproliferative del(fiot‘:c
der (PTLD). Cytomegalovirus often presents as a n(?nsp

; ias. Specific organ
viral syndrome with fever and cytopenias. op s
disease owing to cytomegalovirus includes .Pneumon_l.
(more common in HSCT than SOT), encephalitis, hepatitis,
and other gastrointestinal sites. Colitis is the m(.Jst cor%-gmon
manifestation of cytomegalovirus gastrointestinal disease
after SOT, whereas esophagitis is more common after HSCT.
Definitive diagnosis of organ disease depends on demonst.ra-
tion of cytomegalovirus in biopsy, although presumptl‘ve
diagnosis can be made based on cytomegalovirus viremia,
using quantitative nucleic acid amplification testing, in the
appropriate clinical setting.

Epstein-Barr virus is most significant for its relationship
to PTLD resulting from B-cell proliferation; PTLD should be
suspected in any patient in the middle or late period present-
ing with lymphadenopathy or an extranodal mass, often with
fever. Treatment of PTLD involves rituximab and decreasing
immunosuppression. Reactivation of herpes simplex virus is
especially common after HSCT and can be reduced with acy-
clovir prophylaxis (if the patient is not already receiving an
agent for cytomegalovirus). Patients with chronic hepatitis B
can have disease flares if not taking suppressive therapy (see
MKSAP 19 Gastroenterology & Hepatology). Polyomavirus BK
can cause nephropathy after kidney transplantation, increas-
ing the risk of graft rejection, and hemorrhagic cystitis, par-
ticularly in HSCT.

Bacterial Infections

nosocomia] infections, in

methicillin_racs
en:el;:)cﬂhn' resistant staphylococei, vancomycin—resistant
cocei, and multiclrug~resistant Bram-negative organ

olitis is common, especially with

) Ty,
ani © rery,.
lated OTE; n late after HSCT. i

common eve

tions
Fungal Infec : -
Fungal infections are most common in the miqqje Perj

SOT but may also occur l-ate, especially in the Seo?naﬂe[
increased immunosuppres?lon for the treatment of 1, -eé of
or profound T-cell depression _seco}:ldary to cytomegalov;o“
infection. Without prOPthXIS- t e. mos.t.common funms
infection is Pneumocystis pﬂeun"lctl'llfl, Whl.ch Prese asg&l
more acute and severe pnejumorutls In patientg after rana
plantation than in those .w1t-h. A!]?S. Cryptocccmsis ey,
presents as subacute menmg:tu? with fever,. headache, gy
status changes, and lymphocytic pleocytosis in cergy,; . :
fluid, although skin and other organ IPVO]Vement may 7
occur; cryptococcal antigen tes.tmg Is key to diagng;
Histoplasmosis may also occur in .geogfaphimly o dfmie.
areas and is more likely to present with dlssemj_nated dise
after transplantation. Mucocutaneous candidiasis is COmpmy,
early after SOT and HSCT. Invasive Candida infectiopg g
candidemia can be seen, especially in the neutropenje Phag
after HSCT, as can aspergillosis and other invasive molds, gy
as Mucor. The risk for invasive fungal infections after HSCry
also increased in later periods by the use of immuﬂosuppm_
sive agents for GVHD. In SOT, pulmonary aspergillosis i "
common after lung transplantation.

Protozoa and Helminths

Toxoplasma gondii, a risk particularly for heart transplan
recipients, is a protozoan that can reactivate with immuno-
suppression, causing encephalitis with fever, headache, ang
focal neurologic deficits with multiple ring-enhancing brin
lesions on imaging (see HIV/AIDS). Strongyloides can causes
hyperinfection syndrome with significant immunosuppres
sion (especially glucocorticoid use), often with secondary
pneumonia and gram-negative bacteremia. Reactivation d
Trypanosoma or Leishmania can also occur after transplant-
tion, if the recipient or donor was from an endemic area.

1)

* Cytomegalovirus is the most significant viral infection
after transplantation and may present as a nonspecific
viral syndrome with fever and cytopenias or with specll
organ disease, including pneumonitis, encephalitis,
esophagitis, and colitis,

* Clostridioides difficile colitis is common after trans-
Plantation, complicating the extensive antibiotic use
that accompanjeg transplantation,

MHCObacten'um tuberculosis can reactivate with the :
'MMunosuppression of transplantation and may pre”

With an atypjca] pattern on chest radiography o e
extrapulmonary disease,

(Conﬁ'””ed)
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L without prophylaxis, the most common fungal infec-

. fon s Pneumocystis pneumonia, which presents as 3
more acute and severe pneumonitis in patients after

transplantation than in those with AIDS,

prevention of Infections in
Transplant Recipients

prevention is preferred over treatment Strategies for most
common infections after transplantation becauge most oppor-
wnistic infections have devastating effects and the cost and
toxicity of prophylaxis and immunization are relatively Jow,
pecommended immunizations for SOT and HSCT are shown

TABLE 52. Immunization Recommendations for Adult Reci

Pients of Transplants?

M in Transplant Recipients

in Table 52. Most immunizations are safe in patients after
transplantation except for live virus vaccines, which should be
avoided after transplantation,
Trimethoprim—sulfamethoxazole is one of the most
important prophylactic medications after transplantation.
Used to prevent Pneumocystis, it may also reduce toxoplas-
mosis and certain bacteria, including Listeria and agents caus-
ing urinary tract infections.

Antifungal prophylaxis is indicated during the early
months after HSCT and may need to be extended in the setting
of GVHD. Coverage should include Candida and Aspergillus,
typically with posaconazole or voriconazole.

Strategies to reduce the effects of cytomegalovirus
include primary prophylaxis, usually with valganciclovir, or
regular monitoring for active cytomegalovirus replication by

Immunization

Recommendations for Solid Organ
Transplantation

Recommendations for Hematopoietic Stem

Pneumococcal

| Influenza (inactivated only)
' Tdap

MMR

Inactivated polio
Haemophilus influenzae type B

Meningococcal
Hepatitis B
Hepatitis A

Varicella-zoster virus

Live attenuated vaccine

Recombinant adjuvanted
2oster vaccine

Human Papillomavirys

\

Cell Transplantation®

Before transplantation: PCV1
later by PPSV23

Aftertransplantation: PCV13(if not administered
pretransplantation) 2-6 months after
ransplantation; one dose PPSV23 at least 8 weeks
after PCV13 and 5 years after any previous PPSV23

Annually

3 followed 8 weeks

Before transplantation: complete series,
including Tdap booster

Contraindicated after transplantation

Before transplantation: complete series

No recommendation

Per recommendations for nontransplant patients

Before transplantation: complete series if not
already immune

Before transplantation: complete series if not
already immune

>4 weeks before transplantation: varicella if not
immune

>4 weeks before transplantation: zoster if same
indications as nontransplant patients are met

Both contraindicated after transplantation

Theoretically safe, but datain severely .
immunocompromised patients not yet 9vallable,
no recommendations after transplantation

Should be given before transplantation if
possible

Before transplantation: per recommendations
for nontransplant patients

3-6 months after transplantation: three doses of
PCV13

12 months after transplantation: one dose of
PPSV23

Annually

& months after transplantation: three doses Tdap

24 months after transplantation: one to two
doses, only if no GVHD or immune suppression

6-12 months after transplantation: three doses
6-12 months after transplantation: three doses

6 months after transplantation: both quadrivalent
conjugate vaccine and serogroup B vaccine

6-12 months after transplantation: three doses if
indications for nontransplant patients are met

Per recommendations for nontransplant patients

>4 weeks before transplantation: varicella if not
immune

24 months after transplantation: two doses

varicella if seronegative and only if no GVHD or
immunosuppression

Theoretically safe, but data in severely
immunocompromised patients not yet available
except for autologous HSCT: no
recommendations after transplantation

Should be given before transplantation if possible

Per recommendations for nontransplant patients

GVHD = Qraft-y

vaccine; Tdap =t
"See MKsap 19

by
For multiple.q

j ine; PPSV23 = 23-valent pneumoco
Polysa ersus-host disease; MMR = measles mumps, and rubella vaccine; PCV13 = 13-valent pneumococcal conjugate vaccin 3= 23-valent pneumococeal
¥saccharide etanus, diphtheria, and acellular pertussis vaccine.

S— : nd schedules.
General Internal Medicine 2 for more information on vaccination recommendations a

0se immunizations, the time period between doses is generally 1-2 months.

|
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Health Care-Associated Infections

n testing and institution
Its. Monitoring and pre-
HSCT, partially
for neutropenia as an adverse

phylaxis was not found
mized con-

cleic acid amplificatio
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ften used after

quantitative nu
of pre-emptive therapy bas

emptive therapy is more O
because of increased concerns
effect of prophylaxis and

ive therapy in a rando

to be superior t0 pre-empt
vel antiviral agent W

trolled trial. Letermovir, a nO ithout the
s of valganciclovir, is approved for prophy-

hematologic toxicitie

laxis of cytomegalovirus infection in bone marrow transplant

recipients. For SOT, prophylaxis with valganciclovir is pre-
nor-positive /recipient-

ferred for patients at high risk (do

negative, those receiving lymphocyte—depleting agents, lung
transplants) and is usually given for at least 3 to 6 months;
Jetermovir prophylaxis is under study in SOT recipients.

KEY POINTS
HVC e Prophylaxis and immunizatio
ing active infections after transp
vaccines should not be given after transplantation.

e Monitoring by quantitative nucleic acid amplification
testing for active cytomegalovirus replication and insti-
tution of pre-emptive therapy based on results is pre-
ferred to ganciclovir primary prophylaxis of cytomega-
lovirus infection after hematopoietic stem cell

transplantation.

becausé pro

n are preferred over treat-
lantation; live virus



