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Abstract

Transplant tourism and travel posttransplant, both solid organ and hematopoietic
stem cell, are important and distinct topics, and each poses a risk of infection
for transplant recipients. As solid organ transplant becomes a more common
treatment option for end-stage organ disease, wait lists and wait times for these
organs grow. Transplant tourism involves traveling abroad for the purposes of
organ transplant and often involves commercial transactions. This process has
been discouraged on ethical grounds and is illegal in many countries, however it
still occurs. Patients may also travel abroad for stem cell therapies, which include
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experimental treatments for a growing number of diseases. Physicians managing
patients who have received transplants abroad should be aware of the risk of
infection in these patients which will be outlined in this chapter. Separate to this,
the second part of this chapter addresses the topic of travel in post transplant
patients. Solid organ and hematopoietic stem cell transplant recipients may wish
to travel as part of their return to regular activities and lifestyle posttransplant. All
transplant recipients should seek medical advice prior to travel abroad, and risk of
infection will depend on destination(s) and type of travel. Risk reduction strate-
gies are important for these patients to allow for safe travel posttransplant and will
be discussed in detail in this chapter.

Keywords
Travel - Transplant Tourism - Vaccines - Solid Organ Transplant (SOT) -
Hematopoeitic Stem Cell Transplant (HSCT)

Introduction

Transplant tourism and travel posttransplant both play roles in acquisition of infec-
tion in solid organ transplant (SOT) and hematopoietic stem cell transplant (HSCT)
recipients. Transplant tourism refers to travel for the purpose of obtaining an organ or
tissue transplant outside of a patient’s usual country of residence and is often done
through commercial means. Travel posttransplant refers to trips abroad taken by
SOT and HSCT recipients for the purposes of business, visiting friends and relatives,
or leisure. This chapter discusses both topics separately in order to best address risk
of infection and strategies for prevention and treatment accordingly.

Part 1: Transplant Tourism
Introduction

The term “transplant tourism” refers to travel of either the organ donor or recipient
for purposes of organ transplantation and often occurs in commercial settings [1].
Numerous international transplant organizations, including the World Health Orga-
nization (WHO), the Transplantation Society, and the International Society of
Nephrology, have made efforts to decrease the purchase and sale of organs on ethical
grounds [2—4], and the practice is illegal in many countries [5]. Nonetheless, these
comprise an estimated 10% of SOTs worldwide [6]. Studies have found that out-
comes of patients who undergo transplant through commercial means experience
decreased allograft and patient survival as well as increased complications including
higher rates of rejection and higher rates of infectious complications [7—13].
Although this issue is more prominent and regulations are in place to deter the
practice in SOT, transplant tourism also occurs in patients seeking HSCT and stem
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cell therapies. There is growing concern for stem cell tourism, which involves stem
cell therapy for a host of diseases as novel or experimental treatments beyond the
traditional use for treatment of hematologic malignancies and disorders [14].

Transplant Tourism and Infectious Complications

Several publications and review papers, including guidelines published by the
American Society of Transplantation Infectious Disease Community of Practice
(AST Guidelines), highlight the risk of infection that comes with procuring organs
through transplant tourism and commercial means [12, 15]. The literature raises
concern regarding increased risk across all categories of infection including bacte-
rial, viral, fungal, and parasitic. Differences between endemic rates of infection,
antimicrobial resistance patterns, transplant practice, and regulation are all reasons to
explain this concern. Pretransplant evaluation and screening of both the donor and
recipient as well as routine prophylaxis can vary by country and may not be
consistent with the accepted practice, thus potentially increasing the risk of
reactivation of latent infection, donor-derived infection, and perioperative or hospi-
tal-acquired infection. Furthermore, documentation of transplants that occur in
foreign countries, especially for commercial purposes, may not be readily available,
therefore making it difficult to provide comprehensive care once the patient returns
to his/her resident country.

The body of literature addressing this issue ranges from case reports that outline
individual infections acquired through foreign or commercial transplantation to
single-center studies looking at outcomes of organ transplants performed in foreign
countries [7, 8, 16, 17] and to review articles and guideline recommendations.

In 2013, Chen and Wilson published a review paper outlining the impact of
medical tourism on the field of infectious disease. This paper highlights the magni-
tude of transplant tourism for both transplant and other purposes on a global scale
and provides a useful overview of commonly encountered complications and their
impact on healthcare. It raises issues regarding specific infections especially bacterial
infections with resistant organisms that can be more common overseas. [18] Given
the growing concern for multidrug-resistant organisms (MDRO) and antibiotic
resistance worldwide, this is a real concern for patients who have undergone
transplant abroad.

Several centers from countries including the United States, Canada, Korea,
Australia, and Turkey have looked at rates of infection in patients returning from
organ transplantation performed overseas compared to transplants done locally [7, 8,
11, 16, 17]. Prasad et al. have published data on outcomes in patients who underwent
renal transplant commercially as compared to those done locally in Toronto, Canada
[7, 8]. The first publication reported on 20 patients who received 22 allografts
obtained abroad and found increased risk of graft loss and death, and reported 11
patients had serious postoperative infections [7]. The same research group later
reported on outcomes of 69 patients who received 72 commercial renal transplants
which included infectious complications such as active hepatitis (4 patients),
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seroconversion of hepatitis B or C (7 patients), pulmonary tuberculosis (2 patients),
as well as reduced allograft survival and delayed graft function [8]. Similarly, in a
study by Gill et al., 33 patients who underwent transplant abroad were compared to a
matched cohort done at the University of California Los Angeles (UCLA) and were
found to have a more complex posttransplant course with higher incidence of severe
infections [10]. Although the overall rates of infectious complications were similar
(52% vs. 48.5%), the severity of infection and the need for hospitalization were
greater in those who had transplants abroad. Notably, there were more infections
with cytomegalovirus (CMV) in the transplant tourism group as the majority did not
receive post-transplant CMV prophylaxis when transplant was done abroad. Finally,
in this study, one patient died of donor-derived hepatitis B, which highlights concern
regarding screening for infection and donor selection [10].

Studies done outside of North America show similar findings in transplant
tourists. An Australian review of recipients of commercial transplants done abroad
found patients were at risk of transplant-related HIV infection and new hepatitis [16].
As well, a case series from Turkey reported an increased incidence of malaria,
invasive fungal infection, and tuberculosis in 115 patients who had undergone
commercial transplants in various countries (including India, Iraq, and Iran) as
compared to patients who had undergone transplant locally from living-related
donors [17].

Finally, it is important to consider that foreign-born transplant recipients may
return to their country of origin for organ transplants [19, 20]. Patients will often
overlook increased infection risk given they are returning home and procedures may
occur either during trips for this specific purpose or while they are visiting friends
and relatives. These patients are at risk for both reactivation of latent infections and
acquisition of new endemic infections; knowledge of the specific infections existing
in the transplant region can direct further evaluation [21].

Although less published data exists with regard to the infectious risk involved
with stem cell therapy procured through medical tourism and commercial means,
professional organizations including the American Society for Transplantation and
Cellular Therapy have issued advisory statements on this topic [14, 22]. Concerns
from an infection perspective include potential lack of pretransplant screening (both
donor and recipient), differences in infection control practices, and possible expo-
sure to multidrug-resistant pathogens and other endemic infections which can vary
depending on the center [23]. Patients seeking stem cell therapies through medical
tourism or commercial means should be cautioned with regard to these concerns.
They should also be made aware that due to differences in healthcare regulations in
various countries, stem cell therapies may be experimental or may be offered for
novel diseases that have not yet been universally approved; thus, caution with regard
to efficacy of treatment as well as other noninfectious complications should be taken
into consideration [14, 22, 24].



Transplant Tourism and the Traveling Transplant Recipient: Infection. . . 5

Conclusion

Experience from transplant centers across the world has shown that there is an
increased risk of infection when transplants are done through transplant tourism
and in commercial settings. Therefore, identification of patients who have undergone
transplant abroad and subsequent evaluation for infection upon their return to local
transplant centers is important. This evaluation should include obtaining information
regarding transplant process, surgical procedure, and any complications from
healthcare received abroad, if possible. It is prudent to perform routine infectious
disease screening as per local recommendations that may have been omitted abroad
(e.g., CMV, EBYV, etc.). Additional screening for endemic infections that could be
donor-derived or acquired de novo while abroad based on geographic risk (malaria,
strongyloides, tuberculosis, etc.), for blood-borne pathogens (HBV, HCV, and HIV),
and for multidrug-resistant organisms is important to thoroughly assess. Treatment
of any identified active or latent infection as well as initiation of appropriate
prophylaxis as required based on routine practice and screening results will optimize
care of these patients.

Key Points

» Despite regulations and laws, 10% of organ transplants occur via commercial
practices.

* Patients, both SOT and HSCT, should be discouraged from this practice based on
ethical reasons, but should also understand differences in outcomes and increased
risk of complications.

» Transplant tourism increases risk of infection, and those patients who have
received transplant abroad should be evaluated upon return to their country of
residence.

» Special consideration should be paid to endemic infection based on geographic
risk and should include resistant bacterial infections, mycobacterial infections,
viral infections, fungal infections, and parasitic infections.

Part 2: The Traveling Transplant Recipient
Introduction

An increasing number of solid organ transplants (SOTs) and hematopoietic stem cell
transplant (HSCT) are performed each year, thus expanding the population of
patients who are immunocompromised posttransplant and hope to re-establish life
after transplant in a safe manner. Travel is a major component of this. Studies from
the United States, Canada, and Europe have shown that at least one-third of SOT
patients travel outside their home country or continent [25-27]. HSCT patients also
travel outside their home country; one study showed 44% of post-HSCT patients
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travel with 32% of patients traveling internationally within 2 years after HSCT [28].
As with any person wishing to travel to destinations with higher infective risk, pre-
departure travel medicine evaluation is recommended and is especially important in
SOT and HSCT patients who are at higher risk of infection. Unfortunately, not all
patients seek or receive travel advice pre-departure [25, 27, 28]. This highlights the
importance of ensuring patients are aware to seek advice before planning trips
especially to destinations with higher infectious risk and the role of physicians to
counsel their patients to do so. The recently published AST Guidelines provide
recommendations for traveling SOT recipients and emphasize the importance of
addressing travel with patients prior to transplant so they are aware of the need to
seek medical advice prior to future travel. [15] Similar guidelines for traveling HSCT
recipients are not readily available, but the topic of travel post-HSCT is addressed as
part of the American Society for Blood and Marrow Transplantation (ASBMT)
Guidelines for Preventing Infectious Complications among Hematopoietic Cell
Transplantation Recipients: A Global Perspective [29]. This chapter will outline
specific infection that pose risk to SOT and HSCT travelers (Table 2) and ways to
mitigate risk during travel, as well as provide a summary of recommendations of key
components of the pre-departure travel evaluation.

Risk of Infection While Abroad
Viral Infections
Respiratory Viral Infections

Influenza

Influenza virus is a respiratory virus that is spread through respiratory droplets.
Influenza causes respiratory infection that usually present with fever and cough;
however, severe infections leading to respiratory failure and death occur. In fact, the
WHO estimates that there are up to five million cases of severe influenza and
approximately 500,000 per year globally [30]. Influenza viruses cause infections
worldwide and can pose a threat to travelers, especially those with a history of
transplant given higher risk of complications due to immunosuppressed state.
Transplant recipients are at higher risk of severe infections, complications, and
death [31, 32]. Goeijenbier et al. highlight the important considerations for the risk
of acquiring influenza during travel including increased human-to-human contact
while in transit or at mass gatherings, seasonality of influenza varying between
hemispheres, and increased risk by geographic destination [33]. Concern exists
during travel as patients transit through airports, on and off planes, trains, and
other means of transportation. Proximity to potentially infected people, close spaces,
and poor ventilation have all been suspected to increase transmission and attack
rates. Seasonality of influenza changes by hemisphere. [34] Flu season falls between
May and October in the Southern Hemisphere and between October and May in the
Northern Hemisphere. In general, seasonal influenza strains in the Southern
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Hemisphere precede those seen later in the year in the Northern Hemisphere. Finally,
tropical regions especially those located around the equator can have multiple
influenza peaks and pose risk of transmission throughout the year. [35] Time of
year and destination should be considered to ensure patients are up to date with
influenza immunizations. High-risk travelers, such as transplant recipients, may
warrant receiving the opposite hemisphere influenza vaccine 2 weeks prior to travel
or on arrival at their travel destination [36].

Measles

Measles is a viral illness that infects the respiratory tract and leads to high fevers,
upper respiratory tract symptoms, and a diffuse rash. Complications can occur,
including encephalitis, and are more common in immunosuppressed patients. The
virus is highly contagious and spread through respiratory secretions but can remain
in the air or on surfaces for up to 2 hours [37]. Measles remains a common problem
in developing countries, and despite immunization programs, there are millions of
cases globally, with approximately 110,000 deaths reported in 2017. [37] More
recently, measles outbreaks have become a growing global concern. The WHO
reports 82,596 people in 47 of 53 countries in Europe had contracted measles in
2018. [38] Smaller outbreaks have also been recently reported across the United
States and Canada. Measles vaccination is typically administrated through the
combined MMR (measles, mumps, rubella) vaccine. Unfortunately, the MMR
vaccine is a live vaccine and contraindicated in SOT recipients due to risk of
complications including encephalitis [39—44]. Prior to travel to endemic areas or
countries with ongoing outbreaks, evidence of immunity against measles should be
evaluated in all SOT recipients to assess for the risk. Some transplant centers will
screen and immunize prior to transplantation. For those patients who have not
undergone this process pretransplant, immune status should be assessed prior to
travel. Patients who were born before 1957, who have had two vaccinations, or who
have had clinical disease are likely protected. Serology (measles IgG) can also be
checked. [15] Immune globulin can be considered for short-term protection of
nonimmune SOT recipients at high risk for exposure [43].

For HSCT recipients, live attenuated vaccines are generally considered
contraindicated until 24 months posttransplant provided the patient is not suffering
from graft-versus-host disease (GVHD) and is not on immunosuppressive therapy
[29, 42, 45-47]. A typical practice is to perform serology (measles IgQG) at this time
period to assess if a patient requires measles vaccination, which is generally given as
the MMR vaccine. Repeat serology is often checked to ensure seroconversion and a
second dose of MMR considered if patient remains seronegative. For those HSCT
recipients traveling prior to this time, measles serology (IgG) could be performed
early to help with risk assessment and counseling; however, reliability of this as a
marker of true protection from measles early posttransplant is controversial. There-
fore, risk of measles acquisition during travel should be discussed on an individual
basis depending on patient, travel destination and trip itinerary factors.
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Middle Eastern Respiratory Syndrome

Middle Eastern respiratory syndrome coronavirus (MERS-CoV) belongs to the
family Coronaviridae. It was first reported in 2012 and is an emerging coronavirus
that causes severe acute respiratory illness [48, 49]. Cases mainly occur in the
Middle East, and Saudi Arabia has reported 80% of these. Cases outside in other
countries are mostly linked with travel. There have been case reports in SOT [50]
and HSCT patients [51]. Transmission is poorly understood, but there is evidence to
suggest person-to-person spread as well as increased risk if exposed to dromedary
camels. There are no specific methods of prevention recommended for travel,
however, travelers should be encouraged to take precautions including proper
hand hygiene if they have been in contact with animals [48, 49]. The WHO has
identified immunocompromised travels, including SOT recipients, to be at high risk
of severe illness from MERS-CoV. As such, SOT recipients should avoid contact
with camels and should not consume raw, undercooked, or unpasteurized camel
products (i.e., meat and dairy) [48].

Gastrointestinal Viral Infections

Norovirus

Norovirus is a cause of gastroenteritis that is spread through fecal-oral routes, either
person-to-person contact or from contaminated foods, mainly raw or undercooked
shellfish. Norovirus has been associated as a cause of traveler’s diarrhea and is more
frequently seen in outbreaks linked to crowded spaces such as cruise ships [52, 53].
While typically norovirus causes a short, self-limited gastroenteritis, transplant
patients are at higher risk of complications and can go on to develop chronic
norovirus [54]. Prevention involves proper hand hygiene as well as avoidance of
raw or undercooked shellfish.

Hepatitis A

Hepatitis A is a frequent cause of food-borne illness and is spread through fecal-oral
routes. It is associated with contaminated food and water as well as poor sanitation
[55]. Clinical syndromes can range from mild illness to fulminant hepatic failure.
Patients who are immunocompromised have higher risk of severe illness, and
consequences can be significant.

Geographic distribution is classified as high, medium, or low risk based on
endemic rates of infection. The risk of contracting hepatitis A in nonimmune
travelers to high-risk areas is estimated at 1 in 1000 per week for those on tourist
routes but increases to 1 in 200 for those on more remote itineraries [56].

Transplant recipients traveling to areas with risk of hepatitis A should be pro-
tected and should be aware of risk reduction strategies with regard to food and water
precautions. [57] Unfortunately, hepatitis A vaccine is less effective in SOT recip-
ients, and studies have shown lower rates of seroconversion [58]. Therefore, when
possible, evaluation for hepatitis A serology testing should be done during transplant
workup, and nonimmune patients who wish to travel posttransplant should be
vaccinated prior to transplant. For HSCT recipients who plan to travel in the future,
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hepatitis A vaccine can be added to the standard posttransplant immunization
schedule.

For those posttransplant patients whose immune status is unknown, hepatitis A
serology should be performed. For those nonimmune transplant recipient travelers,
two doses of hepatitis A vaccine 6—12 months apart should be given. If the travel
departure date does not allow for both doses to be administered, the second dose
should still be given upon return in order to confer longer-term protection especially
for those repeat travelers. For patients who have already had one dose of vaccine
previously, a second dose should be given prior to departure. Finally, for nonimmune
transplant recipients who do not have adequate time prior to departure or who are
unlikely to respond to immunization, pooled immunoglobulin should be given [45,
59]. Intramuscular pooled immune globulin provides 85-90% protection against
hepatitis A [59]. Guidelines are available with regard to administration and dosing
specifics [59].

Hepatitis B

Hepatitis B can cause illnesses ranging from an acute hepatitis to a chronic infection
that can predispose to cirrhosis, liver failure, and hepatocellular carcinoma. It is
transmitted through contact with infected blood or body fluids, and routes of
transmission can include maternal-child, sexual contact, unsafe injections, or
blood transfusions [60]. Hepatitis B, specifically chronic hepatitis B, affects over
250 million people worldwide with the highest prevalence in the Western Pacific
area and Africa. [61] For SOT recipients who were not vaccinated prior to transplant,
immunization against hepatitis B before travel is indicated for travelers with higher
risk of exposure including those who will be living or traveling in endemic areas for
extended periods; those who are likely to need medical care, procedures, or blood
products while abroad; and those who anticipate having new sexual partners [15].
Again, if the patient has not been immunized prior to transplant, they can be
immunized prior to departure; however, immune response to the standard hepatitis
B vaccine posttransplant is poor. The high-dose vaccination series may be more
effective in this population; therefore, immunization with a vaccine containing 40
mcg of hepatitis B surface antigen given in a three- or four-dose schedule is
recommended [62]. Anti-HB titers can be measured to assess vaccine efficacy, and
a titer of >10 IU/ml is considered protective [42, 62]. Although the need for booster
doses is controversial in SOT recipients, they can be considered for high-risk
travelers. Hepatitis B vaccination series is typically given over a 6-month span;
however, accelerating the schedule to give each vaccine dose 4 weeks apart is
possible if travel departure date limits time [15].

For HSCT recipients, hepatitis B vaccine is part of the standard posttransplant
immunization schedule [29, 42, 45-47]. Most schedules include a minimum of three
doses of hepatitis B vaccine, and anti-HB titers can be measured to assess if booster
or repeat vaccine series is required. High-dose vaccine may be more effective in this
population.

The combination hepatitis A and B vaccine (such as Twinrix®) is sometimes used
for those needing both vaccines; however, the response is often poor in this patient
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population, and giving the components (A and B) separately is advised for SOT
recipients.

Hepatitis E

Hepatitis E is another viral cause of hepatitis that is often self-limiting, but in some
cases more severe infections can occur including fulminant hepatitis leading to liver
failure, and cases of chronic hepatitis E have been seen in immunocompromised
patients. [63] It is spread through fecal-oral route and associated with contaminated
drinking water and poor sanitation and rarely has been transmitted through ingestion
of infected animals. It is found worldwide but more common in resource-limited
countries with the highest prevalence in East and South Asia. [63] There is no
specific vaccine for prevention; however, patients should practice food and
water precautions and avoid eating raw or undercooked meat products especially
in high-risk areas [64].

Polio

Poliovirus is a neurotrophic virus that causes poliomyelitis and can lead to irrevers-
ible paralysis. It is spread through fecal-oral transmission, typically person to person,
but can also be contracted through contaminated water [65]. Wild-type poliovirus
has been eradicated from the Western Hemisphere; however, wild-type virus still
exists in regions of sub-Saharan Africa and South Asia, and to this day, Afghanistan,
Nigeria, and Pakistan remain endemic countries [66]. On occasion, outbreaks of
vaccine-associated poliomyelitis have also occurred.

In efforts to eradicate polio worldwide, the majority of the population has
received polio vaccine during childhood immunization series. For HSCT recipients,
inactivated polio vaccine is part of the standard posttransplant schedule. Patients
typically receive at least three doses and thus should be up to date once they have
completed this schedule [29, 42, 45-47]. For adult SOT travelers, this should be
verified, and they should also receive a booster when traveling to endemic areas. [67,
68] For subsequent travel, booster immunization may be prudent for individuals
traveling to locations with circulating wild-type polioviruses or polio outbreaks.

Careful attention should be paid to the fact that two forms of the polio
vaccine are available: the live oral poliovirus vaccine (OPV) and the injected
inactivated poliovirus vaccine (IPV). The oral, live attenuated vaccine
is contraindicated in transplant recipients. Also, household contacts of immunocom-
promised individuals should not receive the OPV as it is possible to spread vaccine
strain poliovirus through fecal-oral contact.

Vector-Borne Viral Infections

Yellow Fever

Yellow fever (YF) virus is a flavivirus that can cause hemorrhagic fever with a 20%
mortality rate. [69] It is spread through bites from mosquitos, typically the Aedes and
Haemagogus species [70]. As of 2018, 47 countries in South America and Africa
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either were endemic or had areas of endemicity, with the latest outbreak occurring in
Brazil [70].

The yellow fever vaccine (YFV) is an effective vaccine that offers lifelong
immunity with one dose [65]. However, it contains a live attenuated viral strain
and is contraindicated in SOT recipients. [41, 43, 71-73] Interestingly, a study of 53
SOT patients who received yellow fever vaccine prior to transplantation demon-
strated persistence of yellow fever antibodies posttransplant; detectable antibodies
persisted after a median duration of 13 years. [74] Therefore, those who plan to travel
to or have reasons to potentially need to travel to yellow fever areas should be
immunized pre-transplantation. Antibody testing can be done posttransplant to
ensure persistent immunity, with a suggested threshold of a YF neutralization test
>10 U/l required for travel to high-risk areas. [74]

Those SOT recipients who have not been vaccinated or were vaccinated pre-
transplant but do not demonstrate protective antibodies should be advised not to
travel to endemic regions. They should not receive the yellow fever vaccine post-
transplant. If avoiding travel is not possible, they should not go in peak season. [43,
75]

For HSCT recipients, data is limited. As per the Guidelines: Vaccination of
hematopoietic cell transplant recipients, the risk-benefit of yellow fever vaccine
should be considered [45]. Since it is a live attenuated vaccine, patients should be
>24 months posttransplant with no active GVHD and off immunosuppressive
therapy [45]. A retrospective study of 21 post-allogeneic (allo)-HSCT recipients
immunized with yellow fever vaccine, a median of 39 [21-86] months post-
transplant, reported no side effects [76]. Thus, this vaccine could be considered for
long-term survivors of HSCT who are traveling to high-risk areas, and consultation
with travel medicine expert familiar with immunocompromised patient would be
advised.

When yellow fever vaccine has not been given, patients should travel with a
yellow fever vaccine waiver letter stating the contraindication to vaccination.
Patients should be counseled to present this letter when entering countries that
require proof of yellow fever vaccine and are generally acceptable to most
governments.

Family members of immunosuppressed patients may receive yellow fever
vaccine.

Japanese Encephalitis
Japanese encephalitis (JE) virus of the genus Flavivirus is an arbovirus that causes
encephalitis. It causes up to 10,000 deaths annually in Asia and can lead to long-term
neuropsychiatric sequelae in survivors [77, 78]. JE is transmitted by mosquitoes
(Culex species) and is the most common vaccine-preventable encephalitis in Asia
[78]. It is more common in rural and agricultural areas specifically those with
significant irrigation such as rice paddies. Peak seasons occur in the summer and
fall, but can vary based on rain patterns [78].

Immunization against Japanese encephalitis with two doses of inactivated JE
vaccine can be considered for individuals with intense rural travel in areas of Asia
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endemic for JE, especially during periods of increased transmission [78, 79]. It is
recommended for travelers with trips planned for longer than 1 month or with plans
for extensive rural travel in endemic areas [80]. Although vaccine efficacy data in
SOT and HSCT recipients is limited, inactivated JE vaccine is recommended in
transplant recipients for the same indications. A booster dose should be given for re-
exposure or continued JE risk if the primary series was administered >1 year
previously. [77-79] Some JE vaccines available in Asia contain live virus; these
are contraindicated in SOT recipients and those post-HSCT who do not meet LAV
criteria. Patients should be aware they should not receive such vaccines [15].

Dengue, Chikungunya, and Zika

Dengue, chikungunya, and Zika are all arboviruses or arthropod-borne viruses
transmitted by mosquitos, most commonly the Aedes aegypti. Although dengue is
the most common mosquito-borne virus, increasing cases of chikungunya and Zika
are being seen in tropical and subtropical regions [8§1-83]. They can all pose a risk to
immunocompromised hosts including traveling transplant recipients [84]. To date,
no vaccines currently exist to prevent these viral illnesses, and patients should be
counseled on mosquito protection.

Dengue virus is of the genus Flavivirus. It typically causes a self-limited flu-like
illness, but serious complications including dengue hemorrhagic fever and dengue
shock syndrome can be fatal. Patients who have previously suffered from or been
exposed to dengue fever are at increased risk of serious complications such as
dengue hemorrhagic fever or dengue shock syndrome during a second infection.
This is especially concerning in immunocompromised hosts [81]. Clinical course
and outcomes in SOT recipients may be similar to that of immunocompetent
patients, [85, 86] but studies have raised concern for worse outcomes including an
increased risk of dengue shock syndrome leading to death as well as graft dysfunc-
tion. [87, 88] Limited data exists regarding dengue in HSCT patients, although case
series of post-HSCT recipients suggests prolonged viremia in this patient population
[89, 90].

Chikungunya is of the Alphavirus genus. It presents with some unique symptoms
which helps to distinguish it from other arboviruses. Febrile illness with abrupt
fevers, maculopapular rash, and arthralgias are characteristic. The disease is typically
self-limited, but literature does report that SOT recipients can develop chronic
polyarthritis from this viral infection [81, 91].

Zika is another Flavivirus. It was first reported in Uganda, and there have been
outbreaks in Africa, Asia, the Americas, and the Pacific. Most recently, in 2015,
Brazil reported association between Zika, pregnancy, and microcephaly. Since then,
Zika has spread throughout the Americas prompting travel recommendations for
women who are or may wish to become pregnant and those interested in preventing
sexual transmission of Zika [92, 93]. In adult patients, it presents as a non-specific
viral illness but has been linked to Guillain-Barré syndrome (GBS). Data is limited in
transplant recipients, and further studies are needed to appreciate the impact on this
patient population [81, 90, 94, 95].
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Rabies

Rabies (Rhabdoviridae, genus Lyssavirus) is a neurotropic virus that causes acute
encephalomyelitis. The WHO reports 59,000 deaths per year from rabies, with most
cases occurring in Africa and Asia. Rabies is transmitted through the saliva from
infected animal bites [96]. All mammals are susceptible to the virus, with most
common being terrestrial carnivores and bats [96]. The majority of human cases
occur from transmission via dog bites in endemic areas, but wild animals including
bats worldwide are of concern [96, 97]. All travelers should be counseled regarding
the risk of animal bites while abroad, especially in rabies-endemic countries, and in
general should avoid contact with free-roaming and wild animals. Pre-exposure
rabies vaccine can be given pre-departure to select patients with high risk of
exposure. For example, it may be considered in long-term travelers to endemic
areas, individuals expecting significant animal exposure, and individuals who plan
to be in remote areas without access to medical care [15, 96].

In the event of an animal bite while traveling, all transplant recipient should seek
medical care. For those with rabies exposure or potential rabies exposure, patients
should receive postexposure prophylaxis. This involved thorough and immediate
cleansing of the wound with soap and water. Those who have not previously been
immunized require human rabies immune globulin (HRIG) injected into the wound
directly with the remainder given intramuscularly and postexposure prophylaxis
with multidose vaccine regimen [97]. Those who have received pre-exposure pro-
phylaxis require two more doses of the vaccine, but do not require HRIG. Since SOT
recipients may not mount adequate antibody responses to the rabies vaccine, some
experts recommend administration of HRIG after all at-risk exposures [80, 97, 98].

Bacterial Infections

Salmonella enterica Serovar Typhi

Salmonella enterica serovar Typhi is a bacterial infection that causes typhoid fever.
It affects up to 20 million people and leads to 160,000 related deaths worldwide each
year [99]. Salmonella typhi is spread through contaminated food and water and
infects the gastrointestinal tract. Typhoid fever classically presents with systemic
illness including high fevers, abdominal pain, and altered bowel movements. Some
patients will develop blood stream infections. SOT recipients are at risk of severe
complications [100].

Treatment for Salmonella typhi involves antibiotic therapy; typically,
fluoroquinolones have been used, but with increasing resistance especially in
South and Southeast Asia, alternatives may be needed. If possibility of resistance
is high, third-generation cephalosporins are favored [101].

Given the risk of severe illness, immunization is recommended for travel to
endemic areas. Two vaccines are available. The oral live attenuated vaccine is
contraindicated in immunocompromised patients. Transplant recipients should
receive the injectable polysaccharide vaccine. This should be given at least
2 weeks prior to departure and repeated every 2 years for ongoing travel or future
trips to endemic areas. Travelers should be counseled that the immune response to
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this vaccine may be suboptimal. Travelers should be counseled about food and water
precautions.

Vibrio cholerae

Vibrio cholerae is a gram-negative bacillus that infects the intestinal tract; infections
in humans are most often caused by serogroups Ol and O139 which are the
toxigenic strains. It is most often acquired from contaminated water but has also
been associated with fish and shellfish consumption. Person-to-person transmission
is possible but rare. It is generally associated with poor sanitation. Vibrio cholera is
endemic in approximately 50 countries worldwide, mainly in Africa and South and
Southeast Asia. It is often associated with natural disasters. For example, more
recently, it has been seen more frequently in the Caribbean with a large outbreak
in Haiti associated with the 2010 earthquake. Cholera presents as watery diarrhea,
and when severe or if left untreated, it can cause severe fluid loss and life-threatening
dehydration [102].

The mainstay of treatment is rehydration. In most countries, doxycycline is
the first-line antibiotic, but patterns of resistance are emerging, and antibiotic
susceptibility testing on the specimen is recommended.

Prevention of infection in travelers is mainly through food and water precautions
as well as proper hand hygiene. Three inactivated oral cholera vaccines exist and
include the inactivated, oral travelers’ diarrhea and cholera vaccine (Dukoral®). This
vaccine offers protection against Vibrio cholera serogroup O1 [103, 104]. In general,
this vaccine is not recommended routinely for travelers, but physicians may wish to
consider it on an individual basis for those at high risk of exposure. [105-107] It is
administered in two doses 1 week apart with a booster every 2 years if ongoing travel
[103]. It is not available within the United States, but is available in other countries
such as Canada. Within the United States, the oral cholera vaccine (Vaxchora®) is a
live vaccine; it is not recommended for transplant recipients as safety and efficacy
have not been established in immunocompromised patients.

Enterotoxigenic Escherichia coli (ETEC)

Traveler’s diarrhea is the most common travel-related illness. Bacterial pathogens
are the most common cause, accounting for up to 90% of cases [108]. The entero-
toxigenic strain of . coli or ETEC is the most common cause of traveler’s diarrhea.
Highest-risk areas include Asia, the Middle East, Africa, Mexico, and Central and
South America [109]. The route of spread is fecal-oral and mainly is acquired
through contaminated food or water. Clinical presentation involves acute watery
diarrhea that can become severe. The mainstay of treatment involves rehydration.
Antibiotics that can be used include fluoroquinolones and macrolides; therefore,
many travelers will travel with antibiotics on hand to be started based on physician
instructions depending on severity and duration of traveler’s diarrhea. Prevention
mainly entails food and water precautions as well as proper hand hygiene. The
inactivated, oral travelers’ diarrhea and cholera vaccine (Dukoral®) has not shown
sufficient evidence to support reliable protection against travelers’ diarrhea caused
by enterotoxigenic E. coli [103, 104].
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Neisseria meningitidis

Neisseria meningitidis is an encapsulated, gram-negative diplococcus spread person
to person through aerosolized droplets or secretions. There are eight main serovars
that cause invasive infections in humans. Clinical disease includes meningitis,
bacteremia, and shock with high case fatality rates (5—15%). Suspected infections
require prompt evaluation, diagnosis, and treatment; typically beta-lactam antibiotics
such as penicillin or ceftriaxone are recommended.

Immunization against meningococcal disease is recommended for travelers to
endemic areas, such as the “meningitis belt” of sub-Saharan Africa, and for those
traveling to Saudi Arabia for the Muslim pilgrimages of hajj or umra, where proof of
vaccination is required [110]. SOT recipients traveling to areas of risk should
receive two doses of the conjugated quadrivalent vaccine (MenACWY) prior to
departure with booster repeated every 5 years. For HSCT recipients, quadrivalent
meningococcal disease may be part of the standard posttransplant schedule as
per country recommendations [29, 42, 45-47]. HSCT recipients who are not vacci-
nated and traveling to areas of risk should be immunized prior to departure. The
conjugated vaccine protects against serotypes A, C, W, and Y; traditionally serotype
A was of most concern for travelers, but more recently outbreaks with C and W have
been seen [110]. Separate serogroup B meningococcal vaccines (MenBV) are now
also available and can be considered in transplant recipients. This vaccine is not yet
generally recommended for travel [110], but should be considered for transplant
recipients traveling to endemic areas [80].

Streptococcus pneumoniae

Streptococcus pneumoniae is a gram-positive coccus, and infection with
this bacterium causes clinical presentations such as pneumonia, bacteremia, and
meningitis. It is one of the most common causes of community-acquired pneumonia
worldwide. Developing countries have higher incidence [111]. Treatment of infec-
tion involves antibiotic therapy with beta-lactam or macrolide; the antibiotic choice,
route, and duration depend on diagnosis and severity of the illness. For prevention,
two pneumococcal vaccines are available, and transplant recipients should be up to
date prior to travel if these have not been administered within the past 5 years. SOT
recipients should have received at least one dose of the conjugated pneumococcal
vaccine (Prevnar®13, PCV13) followed by the polysaccharide pneumococcal
vaccine (Pneumovax®23, PPSV23) [42, 44]. HSCT recipients should complete
pneumococcal vaccines as part of the standard posttransplant schedule, receiving
multiple doses of the conjugated vaccine and finishing with the polysaccharide [29,
42, 45-47].

Clostridium tetani

Clostridium tetani is an anaerobic gram-positive bacillus that causes tetanus. It is
distributed worldwide in the environment, but is more common in rural areas [112].
It is transmitted through contact with broken skin barrier, often occurring during an
injury. Tetanus causes acute spasms and muscle rigidity, often starting locally but can
become generalized and lead to death. Treatment involves wound care, tetanus
immune globulin, antibiotic therapy typically with metronidazole, tetanus toxoid
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vaccine, and supportive management. Infection can be prevented through immuni-
zation, which is universally recommended. Although tetanus is rare among travelers,
all transplant recipients should have a tetanus booster if they are not up to date before
traveling. Patients can be immunized with combination vaccine for tetanus, diph-
theria, and acellular pertussis (Tdap) [42].

Corynebacterium diphtheriae

Corynebacterium diphtheriae causes diphtheria; most commonly respiratory diph-
theria can cause inflammation of pseudomembranes which can lead to fatal airway
obstruction. Mortality occurs in 5-10% of cases. It is transmitted person to person
through droplets. In tropical countries, cutaneous diphtheria can occur through direct
skin contact. Diphtheria continues to be endemic in many countries worldwide with
outbreaks occurring. It is more common in resource-poor regions. Treatment
requires diphtheria antitoxin and antibiotic therapy, usually penicillin or macrolides.
Diphtheria toxoid vaccine is universally recommended, and travelers, including
transplant recipients, should be up to date. A booster should be administered prior
to travel to endemic areas or those with outbreaks if patients were last vaccinated
more than 10 years previously. Patients can be immunized with combination vaccine
for tetanus, diphtheria, and acellular pertussis (Tdap) [42].

Bordetella pertussis

Bordetella pertussis is a gram-negative aerobic bacillus that causes pertussis or more
casually known as whooping cough. It is highly communicable with transmission
via respiratory droplets. Unfortunately, worldwide incidence of pertussis is on the
rise, with 90% of pertussis occurring in developing countries. Treatment is with
antibiotic therapy with macrolides, specifically erythromycin, recommended first
line. [113] All travelers including transplant recipients should be protected [114].
Patients can be immunized with combination vaccine for tetanus, diphtheria, and
acellular pertussis (Tdap) [42].

Mycobacterial Infections

Mycobacterium tuberculosis

Mycobacterium tuberculosis is an acid-fast bacillus that causes tuberculosis (TB).
It is transmitted person to person through airborne particles. TB can lead to both
active, pulmonary and extrapulmonary, and latent infections. In 2017, the WHO
reported an estimated ten million new cases of TB and 1.6 million deaths [115].
Immunocompromised patients, including transplant recipients, are at higher risk of
TB. In these patients, most cases are felt to be reactivation of latent infection from
prior exposure; however, new infection can be acquired posttransplant with higher
risk in endemic countries. Clinical manifestation of TB in SOT recipients can present
differently, and mortality rates are high [116]. Treatment of active TB involves
multidrug regimen with careful consideration for interactions with
immunosuppressive therapy.
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Although there are no specific recommendations for prevention of TB exposure in
travelers, transplant recipients should be cognizant of risk while traveling in endemic
areas for prolonged periods of time or if their itinerary involves high-risk exposure.
For example, use of an appropriate mask (fitted N95) for those working
or volunteering in high-risk healthcare settings in endemic regions should be con-
sidered [15]. If there is concern for TB exposure while abroad, a post-travel
tuberculosis skin tests with the purified protein derivative (PPD) or an interferon-
gamma release assay may be helpful; however it should be noted that immunocom-
promised patients are at risk of false-negative tests. TB screening in asymptomatic
patients should only be done if there is a known exposure to active tuberculosis
infection or if there has been prolonged exposure in a high-risk environment such as
working or volunteering in a healthcare setting in an endemic area [117]. The
bacillus Calmette-Guérin (BCG) vaccine is a live attenuated strain of M. bovis and
is contraindicated in transplant recipients due to risk of disseminated BCG infection.

Fungal Infections

SOT and HSCT recipients are at higher risk for fungal infection compared to the
immunocompetent population. Although this risk is universal and not limited to
travel exposures, certain fungal infections are known to be linked to geographic
areas. [118, 119] Transmission or acquisition of infection is generally through
environmental exposures and most commonly through inhalation or cutaneous
inoculation. Clinical presentation is variable and depends on organ system involved,
but can include pulmonary disease, cutaneous disease, rhino-orbital-cerebral disease,
and disseminated infection among others. Optimal antifungal therapy depends on the
fungal species responsible for infection, and surgical excision or debridement should
be considered when appropriate or necessary for source control. Prevention revolves
around avoidance of high-risk environmental exposures.

Certain geographic areas pose higher risk of endemic fungal infections. In 2002,
Ericsson et al. published a review of fungal infections among returning travelers that
had been reported through the GeoSentinel network [120]. This study reported up to
0.5% monthly morbidity of illness in returning travelers was due to fungal infection
and specifically review cases due to histoplasmosis, coccidioidomycosis, and
penicilliosis (now talaromycosis). In 2013, Lortholary et al. reviewed the published
literature of fungal infections in immunocompromised travelers [121]. Endemic
fungal infections, including histoplasmosis, blastomycosis, and coccidioidomycosis
in North America, paracoccidioidomycosis in South America, and talaromycosis due
to Talaromyces (formerly Penicillium) marneffei infection in Southeast Asia, can be
acquired during travel [21, 80, 119—124]. More details on the geographic distribution
of these endemic fungal infections are summarized in Table 1.

Transplant recipients should be counseled to be diligent with regard to avoiding
high-risk exposures for respiratory exposures such as visiting caves (spelunking).
If exposures cannot be avoided, surgical masks can be worn to reduce risk of
inhalational exposure. Other fungal infections can be transmitted through direct
skin inoculation from the environment; thus gloves or skin covering can be donned
to minimize direct skin inoculation.
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Table 1 Geographic distribution of endemic fungal infections

Fungal infection

Geographic distribution

Blastomycosis

Blastomyces Midwestern, South Central, and Southeastern United States and Canada

dermatitidis (especially Ohio and Mississippi Rivers, the Great Lakes, Saint
Lawrence River, and Northern Ontario)

Coccidioidomycosis

Coccidioides immitis

Southwestern United States (Arizona, California, Nevada, New Mexico,

Coccidioides Texas, Utah), Mexico, and Central and South America

posadasii

Cryptococcosis

Cryptococcus gattii Pacific Northwest United States (Washington, Oregon) and Canada
(British Columbia and Vancouver Island), Australia, Papua New Guinea
Also seen in parts of Africa, Asia, Europe, Mexico, and South America

Histoplasmosis

Histoplasma Worldwide especially river valleys in the United States (Ohio and

capsulatum Mississippi Rivers), Canada (Ontario, Quebec especially Saint
Lawrence River)
Also seen in Central and South America, Africa, Asia, and Australia

Paracoccidioides

Paracoccidioides Central and South America (Brazil, Venezuela, Colombia, and

brasiliensis Argentina)

Talaromycosis

Talaromyces Southeast Asia, southern China, eastern India

marneffei

Parasitic Infections

A wide variety of parasites exist worldwide and are generally classified as helminths,
protozoa, and ectoparasites. They can cause infection of the blood, tissue, and
intestinal tract in human hosts. In SOT recipients, parasite infections can occur
through reactivation, donor-derived acquisition, or de novo acquisition, especially
in patients who live or spend prolonged periods of time in endemic areas. A
Canadian study found 29% of 3,528 returning travelers, and new immigrants had
parasitic infection [125]. Travelers who were visiting friends and relatives (VFR)
seemed to be at high risk. With increasing travel among SOT recipients, the
incidence of parasitic infections in returning travelers is expected to grow [126]
(Tables 3 and 4).

Vector-Borne Parasite Infections

Vectors, mainly insects, can spread parasite infections to human hosts. These include
through mosquitos (Plasmodium spp.), sand flies (Leishmania spp.), triatomine bugs
or tsetse flies (Trypanosoma spp.), and ticks (Babesia spp.) [127].

Plasmodium Species
Five species of Plasmodium, including P. falciparum, P. vivax, P. ovale, P. malariae,
and P. knowlesi, cause malaria. Malaria remains a large global health problem with
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Table 2 Travel-related infections by organism

Viral

Chikungunya virus

Dengue virus

Hepatitis A, B, and E viruses
Influenza virus

Japanese encephalitis virus
Measles virus

Middle Eastern respiratory syndrome coronavirus
Norovirus

Poliovirus

Rabies virus

Yellow fever virus

Zika virus

Bacterial

Bordetella pertussis

Burkholderia pseudomallei
Clostridium tetani

Enterotoxigenic

Escherichia coli Leptospira spp.
Neisseria meningitidis Rickettsia spp.
Salmonella enterica serovar

Typhi

Streptococcus pneumoniae Vibrio cholerae Yersinia pestis
Mycobacteria

Mycobacterium tuberculosis

Fungal

Blastomyces dermatitidis
Coccidioides immitis
Coccidioides posadasii
Cryptococcus gattii
Histoplasma capsulatum
Paracoccidioides brasiliensis
Talaromyces marneffei
Parasites

Cryptosporidium spp.
Cyclospora cayetanensis
Babesia spp.

Brugia spp.

Entamoeba spp.
Fasciola spp.

Giardia intestinalis
Leishmania spp.
Onchocerca volvulus
Schistosoma spp.
Strongyloides stercoralis
Taenia spp.

Toxoplasma gondii
Wuchereria bancroffti
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most recent estimates of 219 million infections in 87 countries and 435,000 deaths
worldwide [128]. It is transmitted through mosquitos (female Anopheles). Malaria is
an acute febrile illness that can quickly progress to severe illness and death if left
untreated. Like all travelers to endemic areas, transplant recipients are at risk.
Treatment involves prompt diagnosis and administration of antimalarials; the choice
and route depend on causative species, area of acquisition along with known
resistance patterns, level of parasitemia, and severity of illness. Supportive care
and close monitoring are especially important in severe disease.

Patients traveling to malaria areas should be provided prophylaxis prior to
departure and be counseled on insect protection including use of bed nets. Transplant
recipients should be provided prophylaxis against malaria as per routine recommen-
dations based on area of travel and resistance patterns, but careful attention needs to
be paid to drug interactions with immunosuppressive therapy [129]. The Center
for Disease Control (CDC) Yellow Book among other resources provides country-
specific guidelines and patient-related considerations for selecting a prophylactic
agent [130]. The AST Guidelines provide additional information including a
summary of antimalarial interactions with common medications taken by SOT
recipients including calcineurin inhibitors, mTOR inhibitors, and/or trimethoprim-
sulfamethoxazole [15], some of which are also by HSCT recipients. This informa-
tion has been adapted from several references and summarized in Table 5.

Leishmania Species

Leishmania species cause protozoan infection known as leishmaniasis that can be
classified as cutaneous, mucocutaneous, or visceral. An estimated one million new
cases occur globally each year [131]. Visceral leishmaniasis most often occurs in
Brazil, Southeast Asia, and East Africa, whereas cutaneous leishmaniasis is
more common in the Mediterranean Basin, Middle East, and Central Asia [131].
Transmission is through sandfly bites. Immunocompromised patients, including
SOT recipients, are at higher risk of developing disease and more severe infection
[132]. Treatment requires prompt diagnosis and treatment, with options including
amphotericin B, pentavalent antimonials, miltefosine, and paromymycin [132].
Although rare, travelers can be exposed when visiting endemic regions. Transplant
recipients should take precautions to prevent sandfly bites including use of protective
clothing, insect repellent, and treated bed nets and minimize activities during dusk
hours [82, 133].

Trypanosoma Species
Trypanosoma species are protozoan parasites that cause two specific disease entities.
In Africa, Trypanosoma brucei is transmitted through the tsetse fly and causes
African trypanosomiasis or sleeping sickness. Fortunately, due to control efforts, the
WHO reports a significant drop in the number of cases and is targeting elimination
by 2020 [134]. Therefore, this is unlikely to pose a significant risk to travelers;
however, transplant recipients should still take precautions to avoid tsetse fly bites
while traveling to endemic areas.
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Of more significant concern, in the Americas, Trypanosoma cruzi is transmitted
through feces of triatomine insects and causes American trypanosomiasis or Chagas
disease. It can also be transmitted through blood transfusions and organ transplan-
tation. It is endemic in Mexico and Central and South America. The WHO reports an
estimated seven million people worldwide are infected [135]. The disease can cause
an acute phase and chronic phase, with the chronic phase leading to cardiomyopathy
and disease involving the gastrointestinal tract and nervous system [135, 136].
Treatment requires trypanocidal therapy with benznidazole [136]. The risk of
acquiring de novo infection can occur while traveling; however, the incidence of
this occurrence is thought to be quite low. Nonetheless, transplant recipients should
take precautions to minimize exposure to triatomine bugs by avoiding sleeping in
thatched, mud, or adobe housing, by avoiding consumption of products that may
have been contaminated with insect feces, and by being cautious of blood trans-
fusions in endemic areas [136, 137].

Babesia Species

Babesia species are protozoan parasites which are transmitted through bites by
Ixodes ticks. Cases have been reported worldwide; however, they are seen mostly
in North America and Europe. Areas of high risk within North America include
the Northeast and Midwest United States. Clinical infection can range from asymp-
tomatic to flu-like illness to hemolytic anemia and thrombocytopenia. SOT recipi-
ents are at higher risk of severe and fatal infection even with proper treatment [138].
Other immunocompromised patients, including HSCT recipients and especially
patients with asplenia, can also have more severe disease and are at risk for
prolonged or refractory infection [139, 140]. Treatment consists of combination
therapy with atovaquone plus azithromycin or clindamycin plus quinine; duration
of therapy may need to be extended in transplant recipients. In some patients,
exchange transfusion may be indicated. Transplant recipients traveling to endemic
areas, especially those with plans for significant outdoor activities, should take steps
to prevent tick exposure including wearing long sleeves and using insect repellent
(DEET). Tick checks should be performed on a regular basis [127].

Environmentally Transmitted Parasite Infections

Parasites can be transmitted through penetration of the skin during environmental
exposures such as direct contact with soil or water. These parasites include hook-
worm (Ancylostoma duodenale and Necator americanus), Strongyloides stercoralis,
and Schistosoma species.

Strongyloides stercoralis

Strongyloides stercoralis is a helminth or worm. Upwards of 100 million people
worldwide are infected. It is found mainly in tropical and subtropical regions but has
been reported in temperate climates as well. It is acquired by direct contact with
contaminated soil. It can lead to asymptomatic infection or can cause strongyloidi-
asis affecting the intestinal tract, lungs, and skin. Patients with immunocom-
promising conditions, including SOT and HSCT recipients, are at higher risk of
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severe disease including hyperinfection syndrome and disseminated strongyloidia-
sis. This can lead to critical illness including shock and multi-organ failure with high
rates of mortality. Treatment is with ivermectin, and duration depends on the type
and severity of infection. Albendazole is an alternative. The risk for short-term travel
is low but can increase with prolonged time spent in endemic areas or participating
in activities that would increase exposure. Transplant recipients should wear
appropriate footwear/shoes while in endemic areas especially if walking in areas
that could be contaminated with human feces [141, 142].

Schistosoma Species

Schistosoma spp. are helminths that cause schistosomiasis. Species vary between
geographic regions, and clinical syndrome can depend on which species is involved.
The majority of the cases occur in Africa, and most common species include S.
mansoni and S. haematobium. Other affected areas include the Middle East (S.
haematobium) and Asia (S. japonicum, S. mekongi). Travelers often acquire infec-
tion in sub-Saharan Africa. Exposure is through freshwater in endemic areas with
infection acquired when swimming, bathing, or wading in contaminated water.
Clinical presentation of acute infection, known as Katayama syndrome, consists of
fever, headache, diarrhea, and respiratory symptoms. Chronic disease can develop
and depends on the type of species causing the infection with S. mansoni and S.
Jjaponicum, whereas S. haematobium affects the urinary tract. Treatment is
with praziquantel. Travelers to endemic areas should avoid freshwater exposures
including swimming, bathing, wading, water adventure sports, etc. [142, 143]

Ingested Parasitic Infections

Parasite infections can be acquired through ingestion of contaminated food or water
or accidental ingestion of contaminated dirt/soil. These parasites include amebiasis
(Entamoeba spp.), cryptosporidiosis (Cryptosporidium spp.), cyclosporiasis (Cyclo-
spora cayetanensis), fascioliasis (Fasciola spp.), giardiasis (Giardia intestinalis),
taeniasis (Taenia spp.), and toxoplasmosis (Toxoplasma gondii) among others.
Geographic distribution, syndromes, and treatments are infection specific, and
more information can be found in Chapter 3 of the CDC Yellow Book [144] and in
the AST Guidelines on Parasitic Infections in Solid Organ Transplantation [126].
Generally speaking, for all of these parasitic infections, prevention centers around
precautions to prevent food- and water-borne illnesses. Transplant recipients travel-
ing to endemic areas or areas with poor sanitation should avoid eating raw or
undercooked meats and fish and raw fruits and vegetables that they cannot peel
themselves and should ensure safe drinking water. They should not drink from
freshwater sources such as lakes, rivers, and streams.

Pre-departure Infectious Disease Evaluation and Recommendations

SOT and HSCT recipients who plan to travel should seek advice from a travel
medicine specialist. All transplant recipients should be counseled on the importance
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of safe travel posttransplant and value of pre-departure assessment; this should be
included as part of their pretransplant education and teaching.

SOT recipients should be advised not to travel to high-risk areas during times of
increased immunosuppression such as the first year posttransplant or after treatment
for rejection. [43, 80, 145] Recommendations for timing of travel post-HSCT
depend on the type of transplant. Allo-HSCT recipients should be advised not to
travel to high-risk areas for the first 6—12 months posttransplant or if on treatment for
graft-versus-host disease (GVHD) with immunosuppressive therapy, whereas autol-
ogous (auto)-HSCT recipients may be able to travel as soon as 3—6 months post-
transplant [146]. All patients should consult with their transplant physician(s) to
ensure it is safe to travel as decisions should be made on an individual basis.
Although patients may be out of the highest-risk period, it is important to note
the post-HSCT immunization schedule is generally not completed until 24 months
posttransplant date. Thus, this should be taken into consideration when determining
timing of travel posttransplant and when providing recommendations for minimizing
the risk of infection while traveling.

Infectious risk depends on the travel itinerary by both destination and type of
travel, and recommendations for prevention of infection will vary accordingly.
Important elements of the pre-departure evaluation include review of past medical
history, current medications, and travel itinerary including destinations, accommo-
dation type, and potential exposures; counseling on risk reduction strategies;
counseling on when and where to seek medical attention should they fall ill while
away; administration of recommended vaccinations; and prescribing of prophylactic
medications. Patients should verify travel insurance coverage prior to departure.
Finally, a review of important items in the form of a packing list may also be helpful
for travelers. Examples of such lists can be found in the CDC Yellow Book and the
AST Guidelines [15, 147].

Vaccine Recommendations

Patients should be advised to seek pre-travel advice early when planning trips as full
vaccine series may require several months prior to departure. Passive immunization
with immune globulin can be considered for urgent travel situations. When possible,
if patients indicate plans to travel after SOT, travel-related vaccines can be consid-
ered pretransplant. This is especially important if there is a need for live attenuated
vaccines which are contraindicated posttransplant. SOT recipients should be up to
date with their routine immunizations as immunocompromised individuals are at risk
of common infections both at home and abroad. Recommendations are available
through the AST Guidelines, the CDC, and other publications on routine immuni-
zations in SOT recipients. [44, 114, 148, 149] More specific information regarding
travel-related vaccines in immunocompromised individuals can be found in the
Yellow Book [43] and other publications including recommendations for SOT
recipients who travel specifically [15, 72, 80, 148, 150, 151]. Recommended immu-
nizations have been summarized based on these recommendations in Table 3.
Patients should travel with their immunization records as well as a waiver for yellow
fever immunization indicating contraindication.
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Table 3 Recommendations for vaccination for solid organ transplant travelers [15], 44, 72]

Vaccine
Routine immunizations
Parenteral influenza

Pneumococcal conjugated and

polysaccharide
Tetanus/diphtheria
Pertussis

Measles, mumps, and rubella
(MMR)?

Varicella®

Travel immunizations
Hepatitis A

Hepatitis B

Meningococcal conjugate
Meningococcal serogroup B
Inactivated polio vaccine
(IPV)

Rabies

Japanese encephalitis
(inactivated)

Cholera vaccine

Typhim Vi

S. typhi Ty21a®

Oral polio vaccine (OPV)?
Bacillus Calmette-Guérin
(BCG)*

Yellow fever vaccine (YFV)*

Recommendations for adults

Yearly
Should be considered prior to travel for patients traveling to
opposite hemisphere during flu season

Recommended; booster after 5 years

Recommended; booster every 10 years

Recommended in combination with tetanus and diphtheria
(Tdap) once

Contraindicated

If serostatus or immunization history is unknown, perform
serology prior to travel to areas of outbreak

Contraindicated

Recommended when indicated
Recommended when indicated
Recommended when indicated
Recommended when indicated
Recommended when indicated

Recommended when indicated
Recommended when indicated

Recommended when indicated; non-live available in Canada
and elsewhere; live vaccine contraindicated

Recommended when indicated

Contraindicated

Contraindicated in patients and family/household members
Contraindicated

Contraindicated

Adapted from the Centers for Disease Control and Prevention “Recommended Adult Immunization
Schedule — United States, 2018, [114] “Advising Travelers with Specific Needs: The Immuno-
compromised Traveler” [43] in Centers for Disease Control and Prevention’s “Health Information
for International Travel,” “Guidelines for vaccination of solid organ transplant candidates and
recipients” [44], and the AST Guidelines [15]

“Live attenuated

Recommended immunizations for HSCT recipients differ from those
recommended for SOT. Typically, HSCT patients receive extensive immunization
schedule posttransplant as it is believed their previous immunity to vaccine-prevent-
able diseases (VPDs) may have been eliminated during the transplant process.
Although post-HSCT immunization schedules differ between allo- and auto-HSCT
recipients, both take approximately 18 months to complete and typically finish
around 24 months posttransplant [42, 45, 47, 146, 152]. The last immunizations in
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these series are the live attenuated vaccines, including measles, mumps, and rubella
(MMR) and varicella. For those patients who plan to travel once deemed safe to do
so, common travel-related vaccines, such as hepatitis A, can be built into the
standard immunization schedule. Specific travel-related vaccines should be consid-
ered on an individual basis and take into consideration the destination and trip
itinerary [29, 47]. Recommended immunizations have been summarized in Table 4.

Risk Reduction of Non-vaccine-Preventable Infections

Education and counseling of patients prior to departure plays an important role in
minimizing risk during travel. The AST Guidelines provide further information and
helpful summary tables on important travel-related topics for SOT [15]. Similarly,
the ASBMT Guidelines provide information for HSCT patients [29]. Basic infec-
tious precautions including hand hygiene, avoiding sick contacts, and use of proce-
dure mask while in transit (e.g., airplanes) or participating in high-risk activities
should be reviewed.

Prevention of Food-Borne llinesses and Diarrhea

Diarrhea is the most common illness of travelers, especially in travelers to low-
resource countries. Although, in general, many episodes can be mild and
self-limited, travelers’ diarrhea can lead to complications and can even be life-
threatening. Transplant recipients should be instructed on appropriate food and
water precautions [105, 153—155]. They should avoid beverages that contain local
water or ice and only drink boiled or bottled water. Other high-risk food and drink
including unpasteurized dairy products, raw meats and fish, and undercooked foods
should be avoided. Consumption of fruits and vegetables should be restricted to
those they can peel themselves. All travelers should carry appropriate antibiotics for
self-treatment of traveler’s diarrhea. The choice of antibiotic depends on local
resistance patterns of enteric pathogens, [105, 106, 156] and interactions with
immunosuppressive agents should be taken into consideration (Table 5). Patients
should be counseled on when to seek medical attention, such as non-resolving
diarrhea, fever, or bloody stools.

Respiratory Infections

Respiratory infections are the second most common infection affecting travelers
[56]. High-risk periods of travel include while in transit through public spaces such
as airports or while on airplanes. Masks may be helpful in preventing respiratory
infections. Active outbreaks of respiratory infections may warrant deferring travel.

Insect Protection

Travelers to areas endemic for mosquito- and tick-borne diseases should be
counseled about minimizing insect bites. Strategies including use of repellents
containing DEET (N,N-diethyl-3-methylbenzamide), protective clothing with long
sleeves, and permethrin-impregnated clothing and bed nets should be considered
[43, 105]. Efforts should be made to choose accommodation with air conditioning
and screens.
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Table 4 Recommendations for vaccination for hematopoietic stem cell transplant travelers

Vaccine
Routine immunizations
Parenteral influenza

Pneumococcal conjugated
and polysaccharide

Tetanus/diphtheria

Pertussis

Hepatitis B

Inactivated polio vaccine
(IPV)

Meningococcal conjugate

Measles, mumps, and rubella
(MMR)?

Varicella®

Travel immunizations
Hepatitis A

Meningococcal serogroup B
Rabies

Japanese encephalitis
(inactivated)

Cholera vaccine

Typhim Vi
S. typhi Ty21a*

Oral polio vaccine (OPV)?
Bacillus Calmette-Guérin

(BCG)*
Yellow fever vaccine (YFV)*

Recommendations for adults

Yearly
Should be considered prior to travel for patients traveling to
opposite hemisphere during flu season

Recommended as part of post-transplant immunization series;
booster after 5 years

Recommended as part of post-transplant immunization series;
booster every 10 years

Recommended as part of post-transplant immunization series
Recommended as part of post-transplant immunization series
Recommended as part of post-transplant immunization series

Recommended as part of post-transplant immunization series

Typically given if serology indicates nonimmune at 24 months
post-transplant if patient meets criteria to receive live attenuated
vaccine (LAV)®

Typically given if serology indicates nonimmune at 24 months
post-transplant if patient meets criteria to receive live attenuated
vaccine (LAV)®

Recommended when indicated
Recommended when indicated
Recommended when indicated
Recommended when indicated

Recommended when indicated; non-live available in Canada
and elsewhere; live vaccine contraindicated

Recommended when indicated

Contraindicated; an inactivated vaccine exists and is
recommended for these patients

Contraindicated; an inactivated vaccine exists and is
recommended for these patients

Contraindicated

Contraindicated, however, may be considered if indicated if
patient is 24 months post-transplant and meets criteria to receive
live attenuated vaccine (LAV)®

Adapted from the Centers for Disease Control and Prevention “Recommended Adult Immunization
Schedule — United States, 2018, [114] “Advising Travelers with Specific Needs: The Immuno-
compromised Traveler” [43] in Centers for Disease Control and Prevention’s “Health Information
for International Travel,” and ASBMT: Guidelines for Preventing Infectious Complications among
Hematopoietic Cell Transplantation Recipients: A Global Perspective [29]

“Live attenuated

bCriteria to receive LAV > 24 months post-HSCT, no active GVHD, no immunosuppressive

therapy
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Environmental Exposures
Infections that exist in the environment can pose a threat and include those that
transmit via direct contact and those that transmit via respiratory particles or spores.

Water and soil exposure can pose a risk of infections through direct contact.
Travelers should avoid swimming or bathing in freshwater when traveling in areas
endemic for Schistosoma and should always wear footwear when in regions endemic
for Strongyloides stercoralis [82].

Exposure to endemic fungal infections occurs through inhalation of spores found
in the environment. Transplant recipients should avoid activities that place them at
higher risk of exposure, and use of procedural masks may help prevent acquisition of
infection.

Blood-Borne Pathogens

Travelers should avoid contact with non-sterile needles, syringes, and other medical
equipment. If travel is planned to regions where healthcare settings may not be
reliable, travelers should consider a first aid kit equipped with sterile needles,
syringes, and sutures in case required while abroad.

Sexually Transmitted Infections (STI)

Travelers may be more likely to engage in sexual activity with new partners,
counseling should be provided with regard to safe sex practices, and patients should
be encouraged to have STI screening performed upon return home should they
engage with new partners while abroad.

Post-travel Evaluation

Transplant recipients should contact their transplant center and be evaluated follow-
ing return from travel if they develop new symptoms of infection. Workup and
investigations will depend on evaluation of symptoms and timing of onset, as well as
travel history with specific attention paid to destinations, activities, and exposures. In
general, travelers who are well on return do not need to be seen after foreign travel.
However, if they have been in high-risk situations or have a known or potential
exposure to infection, then evaluation for necessary screening should be pursued.
Examples of such may include working or volunteering in a healthcare setting,
exposure to blood-borne pathogen, new sexual partner(s), etc.

Conclusion

Travel is an important component of many people’s lives, whether it is for business,
visiting friends and relatives, or leisure purposes. In 2017, the United Nations World
Travel Organization documented 1.326 billion international tourist arrivals world-
wide [157]. This number is expected to continue to increase. Among those
traveling to international destinations include transplant recipients, who are
immunosuppressed and at increased risk of infection. Transplant recipients should
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be counseled on the importance of pre-departure travel assessment when planning
trips abroad, especially to areas of higher infection risk. They should seek medical
advice before departure, and risk mitigation will depend on destination(s) and trip
itineraries and should be tailored to the patients taking into consideration time since
transplant, type of transplant, and immunosuppressive therapy.

Key Points

» Importance of safe travel should be discussed during the pretransplant evaluation.

» All transplant recipients should be seen by a travel medicine specialist prior to
travel to regions with higher rates of infection.

» SOT patients should not travel to areas with higher infection risk during the first
year posttransplant and/or during times of increased immunosuppression.

» HSCT patients should not travel to areas with higher infection risk during the first
3—12 months posttransplant depending on the transplant type and/or during times
of increased immunosuppression and/or presence of GVHD.

» Travel recommendations, immunizations, and prophylaxis depend on destination
and itinerary. Country-specific recommendations should be followed.

» Vaccine-preventable illnesses:

— Patients should be up to date with routine immunizations:

* Travel-related immunizations depend on travel destination.

— Live vaccines are contraindicated in SOT recipients.

— Live vaccines are contraindicated in HSCT recipients until 24 months post-
transplant, no active GVHD, and they are no longer taking immunosuppres-
sive therapy:

+ Patients traveling to countries with yellow fever immunization require-
ments should travel with an official waiver.

* Prophylaxis:

— Necessary prophylaxis should be assessed by trip destination and itinerary.

— One of the most important and common infections that requires prophylaxis
when traveling is malaria.

* Malaria prophylaxis should be based on country-specific guidelines.
+ Assess for drug interactions with immunosuppressant agents.

* Counseling:

— Topics including prevention of food- and water-borne illness, respiratory
infections, insect-borne illnesses, blood-borne infections, and sexually trans-
mitted infections should be covered during the pre-travel visit.

 Patients should travel with adequate supply of medications (especially immuno-
suppressants) and copies of prescriptions.

* Patients should be aware of transplant centers at which they could seek medical
attention if they become ill while away.

+ Patients should have adequate travel medical insurance.

 Patients should be aware to seek medical attention if they develop signs and
symptoms of infection upon return home after travel.
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