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vent organ rejection, and, thus are more prone to opportunistic infections. Furthermore,

Keywords: the reactivation of dormant viruses can threaten transplant recipients and organ viability.
Zoonosis This mini-review examines the up-to-date literature covering potential zoonotic and organ
Virus rejection-relevant viruses in solid organ transplant recipients. A comprehensive list of
Immunosuppression viruses with zoonotic potential is highlighted and the most important clinical outcomes in

Solid organ transplantation patients undergoing transplantation are described. Moreover, this mini-review calls atten-
Clinical outcomes

Transplantation failure

tion to complex multifactorial events predisposing viral coinfections and the need for con-
tinuous health surveillance and research to understand better viral pathogens’
transmission and pathophysiology dynamics in transplanted individuals.
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overcrowding, poverty, tourism and business traveling, cli-

Introduction

Infectious diseases are on the rise as an important public
health concern due to rapid globalization, intensification of
population migratory events, and expansion of livestock trad-
ing worldwide. Expanding urban populations, housing
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mate change, and environmental predatory exploitation are
considered the primary contributing factors of zoonotic-
transmitted illnesses in recent years.'” Infectious diseases
are highly prevalent in tropical countries with warm and
humid climates throughout the year and may be aggravated
by adverse environments, inadequate access to healthcare,
and poor sanitation and hygiene.

Approximately 75 % of emerging infectious diseases may
show a zoonotic transmission potential." Increased interactions
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between humans and animals have raised the likelihood of
transmitting and spreading zoonotic diseases. Viral pathogens
are important zoonotic etiologies, especially to vulnerable popu-
lations, encompassing various transmissibility routes and
dynamics; most of these may seriously threaten public health.*
Virus infections are particularly detrimental to aged and immu-
nocompromised individuals.” Often, the virus infection may be
asymptomatic and latent for long years and may arise after
acute immune deficiency. One scenario of immunodepression
is organ transplantation, as chronic immunotherapy is often
required to halt tissue rejection, which may be an end-state
adverse effect of graft transplantation. Unfortunately, organ
rejection and transplantation failure may occur despite all the
healthcare measures taken before the surgical procedure and
post-grafting.

In this review, we highlight the main public health-con-
cerned viruses with zoonotic potential and their impact on
Solid Organ Transplantation (SOT) outcomes. In addition, we
discuss updated findings of possible life-threatening effects
of COVID-19 and potential co-infections with other com-
monly transmitted respiratory viruses, arbovirus, and viruses
transmitted through oral-fecal contamination.

Methodology

A narrative review of the literature was conducted. The litera-
ture search utilized three primary biomedical and health
databases: PubMed, Scopus, and Science Citation Index (SCI).
The search was conducted using the terms (“virus with zoo-
notic potential” OR “zoonotic virus”) AND (“transplant” OR
“transplantation”) AND (“outcome” OR “graft loss” OR “mor-
tality”). The language was not restricted in the search.
Excluded from consideration were duplicate publications that
did not cover viruses with zoonotic potential, along with sci-
entific meeting summaries. The review was organized to
facilitate the reader’s understanding according to the follow-
ing characteristics of zoonoses: epidemiology, taxonomy,
clinical manifestations, diagnosis, and other SOT failure-
related non-zoonotic pathogens.

Solid organ transplantation and viral zoonotic infections

SOT is often required to circumvent the health crisis of a life-
threatening condition of organ failure due to acute or chronic
illnesses or states despite potential major histocompatibility
issues. Management of patients subjected to SOT requires a
fine health balance between the level of immunosuppression,
exposure to opportunistic pathogens, and associated side
effects, which may significantly affect prognosis and survival.
Opportunistic infections (e.g., driven by dormant viruses in
the donor organ or a previous illness from the receptor) may
trigger a process of either acute or chronic rejection, a lasting
health concern that may be prolonged throughout the
patient’s entire life. Such a condition justifies a close monitor-
ing of the transplanted organ and the potential side effects of
immunosuppressive medications through regular laboratory
tests and occasional biopsies. The patient’s follow-up for viral
and other pathogen coinfections is key for long-term organ
transplantation success.

Organ transplantation-associated infections can be classi-
fied into three chronological phases that are associated with
different etiologies: the initial and immediate postoperative
period, typically within the first month, when most of the
infections originate from the hospital environment and may
be transmitted through the transplanted organ, or are preex-
isting or driven by postsurgical infections; the second period,
from two until six months after surgery, is the period when
opportunistic infections thrive; and finally, the third and late
phase, beyond six months after transplant surgery, which is
characterized by a slight increase in infections, caused by the
maintenance of the immunosuppressive state.” Some excep-
tions are the Herpes Simplex Virus (HSV), which may be reac-
tivated early after transplant, and the varicella-zoster virus,
whose clinical manifestation can occur any time after
transplantation.’

Multiple viral infections may coexist with poor health, and
a scenario of coinfection with zoonotic and tissue rejection-
related viruses may occur in immunocompromised patients.
Cytomegalovirus (CMV) and BK virus are the most prevalent
viral infections occurring after kidney transplantation.” Usu-
ally, these viruses remain dormant after the initial infection,
recurring after immunosuppression and leading to various
complications, affecting the lungs, liver, and gastrointestinal
tract. Managing and preventing CMV infection is an impor-
tant aspect of post-transplant care. Before prophylactic proto-
col was instituted, CMV manifestation occurred during the
period of 4 and 6 weeks after transplantation. Currently, with
the routine use of antiviral prophylaxis, usually for 3 to 6
months after the transplant, late-onset disease is commonly
observed after discontinuation of these drugs.” With a similar
mechanism, the use of corticosteroids and calcineurin inhibi-
tors as immunosuppressors compromises the functioning of
CD4+ T-lymphocytes, which have an important role in elimi-
nating viruses such as polyomavirus BK, whose opportunistic
infection represents a great risk for patients undergoing a kid-
ney transplant, being the cause of viral-induced nephropa-
thy.® Other well-documented viral agents reactivated by
immunosuppression, with worldwide distribution in cases of
kidney transplants, are herpes simplex virus, varicella-zoster
virus, Epstein-Barr virus, hepatitis B virus, and adenovirus,
potentially leading to systemic infection or impaired function
of the transplanted organ.”’ Furthermore, specific viruses,
such as herpes and polyomavirus, harm the integrity of the
host’s immune defense, potentiating the risk and effect of
other secondary infections. Epstein-Barr virus and human
herpesvirus 8 may be the causative agents of lymphoprolifer-
ation and cervical cancers after transplant.’

Fig. 1 depicts the diversity of human-animal interactions
causing zoonotic viral transmission in immunocompromised
transplant patients.

Potential zoonotic viruses

Influenza virus

Influenza viruses belong to the family Orthomyxoviridae and com-
prise an extensive group of pathogenic viruses that cause respira-
tory diseases, popularly known as flu, being able to transmit
between different species of mammals and birds. Transmission
occurs through respiratory droplets and can also spread in
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Fig. 1-The mechanism diversity of zoonotic viral transmission to immunocompromised transplant recipients, showing the
occurrence of intermediate vectors, product consumption of animal origin, and sharing domestic and working environments.

humans by touching the face with contaminated hands. Typical
flu symptoms are fever, chills, cough, sore throat, headaches,
muscle or body aches, and fatigue. Vulnerable populations, such
as the elderly, pregnant women, and immunosuppressed indi-
viduals, can develop more severe diseases, like pneumonia, bron-
chitis, and exacerbation of chronic medical conditions. Influenza
viruses were responsible for several pandemics, with historical
records in 1918, 1957, 1968, and 2009, causing many deaths and
bringing dramatic public health, social, and economic conse-
quences.

Viruses of the influenza A genus are the most diverse and
have zoonotic potential, and the other genres do not demon-
strate relevance in interspecies transmission until the present
moment. Having an RNA genome, they have two glycoproteins
in their envelope, hemagglutinin (HA) and neuraminidase (NA),
which are crucial for identifying their serotype. Through the
phenomenon of antigenic shift, viruses of the influenza A
genus can undergo substantial mutations, potentially causing
new epidemic outbreaks. Some varieties are more specific to
each host species, while others can occasionally cross over,
causing zoonotic transmission to humans.

Recently, a new variety of HSN6 was identified in the Chi-
nese domestic goose, sharing genetic proximity with the virus
identified in farmed dogs, suggesting the potential for cross-
species transmission. Studies of its genome revealed multiple
mutations that can potentially increase affinity with mam-
malian receptors, increasing its virulence and may represent
a public health threat.’® The majority of studies investigating

the association between SOT and influenza virus infection
focused on patients who underwent kidney and lung trans-
plantation, and few studied from heart transplanted individu-
als, with variable severity of disease but overall decreasing 30-
day survival compared to HIN1-infected non-transplanted
patients.”* A patient underwent liver transplantation after
confirmation of having contracted influenza type A by poly-
merase chain reaction test. Given the urgency of his clinical
condition, the team opted to proceed with the transplant
while incorporating oral oseltamivir treatment along with
postoperative immunosuppression therapy, with a satisfac-
tory recovery of the respiratory condition and liver function.*?
A retrospective study found, among 84 patients undergoing
kidney and liver transplantation with influenza infections,
that 65.5% were hospitalized, 16.7% developed pneumonia,
and 7.1% were hospitalized in an Intensive Care Unit (ICU). No
significant difference in clinically relevant outcomes was
observed between kidney and liver-transplanted patients.”® A
study linked the occurrence of influenza in pediatric recipi-
ents of SOT, finding that incidence rates were 2.7% and 7.4%
after one and three years, respectively.™*

Hepatitis E virus

Every year, nearly 20 million HEV infections occur, leading to
over 3 million symptomatic cases and around 60,000 deaths.
In Europe, hepatitis E outbreaks have been observed, with a
significant increase in the number of cases, rising from 514
cases in 2005 to 5617 in 2015.*> The hepatitis E virus is a
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single-stranded RNA virus from the Hepeviridae family. This
small virus presents a pseudo envelope while circulating in
the host’s bloodstream and a capsid protein that protects the
viral RNA. The knowledge of its molecular structure and path-
ogenicity mechanisms is critical for the future development
of vaccines. HEV genotypes 3 and 4 are linked to zoonotic
transmission through the fecal-oral route, commonly associ-
ated with contaminated water or food. Besides deer and rab-
bits in forest regions, pigs are often considered the primary
reservoir for these genotypes in industrialized regions. Gener-
ally, acute HEV infection is either asymptomatic or exhibits
mild symptoms, being a self-limited infection, with a mortal-
ity rate ranging from 0.5 % to 3 % in young adults. The prodro-
mal phase of acute icteric hepatitis lasts about one week and
is characterized by symptoms like fever, myalgia, nausea, and
vomiting, followed by the icteric phase,** and most cases do
not require specific treatment or management of complica-
tions. Hepatitis E can be particularly serious during preg-
nancy, with a mortality rate of nearly 25 % during the second
and third trimesters. Also, for individuals with preexisting
liver conditions, it is linked to an increased risk of life-threat-
ening fulminant hepatitis if the acute icteric phase progresses
to acute liver failure.

In immunocompromised patients, the infection has the
potential to become chronic, especially in individuals undergo-
ing organ transplants or chemotherapy, as well as those with
HIV infection,**® and in cases of infection by serotypes HEV3
and HEV4, cirrthosis may develop.***’ In industrialized coun-
tries, transmission of the HEV through organ transplantation or
blood transfusions has been observed.***” A descriptive study
investigated the prevalence of positive serology for anti-HEV
IgG and the detection of HEV RNA among 192 patients undergo-
ing kidney transplantation, indicating that 23 % of patients had
past or current HEV infection.”® Another study involved 316
patients also undergoing kidney transplantation, finding a prev-
alence of 2.5 % of patients with positive anti-HEV IgG serology,
and HEV RNA was not detected in any sample studied. Co-infec-
tions with HBV and HCV viruses have been observed, including
persistent elevations in serum ALT levels.*

Chronic HEV infection in patients undergoing SOT is charac-
terized by the persistence of viremia for more than three
months after the onset of infection and warrants evaluation for
treatment.”® In such a scenario, continuously elevated serum
aminotransferase levels, evidence of viral activity in organ biop-
sies, and liver fibrosis have been documented. This scenario is
more prevalently associated with the viral serotype HEV3 infec-
tion.”" With the introduction of a universal HEV RNA screening
of deceased organ donors in the UK, early detection and treat-
ment with ribavirin allowed a better prognosis for patients who
were at risk of infection after a solid organ transplant.””

Rabies virus

The rabies virus (RABV) belongs to the family Rhabdoviridae, a sin-
gle-stranded RNA virus. The virus is present in wild and domestic
animal reservoirs, and is the etiological agent of a fatal disease,
causing 60,000 deaths worldwide every year.>® Its transmission
most often occurs through the bite of an infected mammal. In
1979, the first report of donor transmission of rabies was through
corneal transplantation. After the diagnosis of fatal encephalitis,
with rapid neurological deterioration, in four patients receiving

kidneys, liver, and a vascular graft from a contaminated donor,
there was the first record of RABV transmission through a solid
organ transplant.”* In 2015, a 22-month-old boy with suspected
viral encephalitis died, and having obtained a negative result for
serum antibody tests for rabies immunoglobulin, in addition to
excluding other pathologies, a kidney and liver transplant was
authorized, which caused the death of three patients who
received these organs. New-generation sequencing was carried
out to obtain the complete genome of the viruses found in the
recipients, and phylogenetic analysis indicated great similarity
with the RABV lineage circulating in dogs in China.*®

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
COVID-19 is an infection caused by the SARS-CoV-2, a member
of the Coronavirus family, which often induces respiratory dis-
tress. Clinical presentation of the disease can be variable, rang-
ing from asymptomatic infected patients to more severe
conditions, with some of the symptoms being fever, cough,
fatigue, episodes of vomiting, and diarrhea.”>"° In Brazil, there
were more than 37 million confirmed cases and approaching
707,000 deaths, with the frequent evaluation of epidemiologi-
cal data.”” The cycle of this disease begins with transmission
through the respiratory tract, in which the virus enters the
organism from contact with an infected individual. In the ini-
tial phase, it replicates rapidly, but the patient may or may not
exhibit symptoms. The incubation period occurs from the
entry of the pathogen into the body until the presentation of
clinical manifestations, lasting from 5 to 7 days.”® The diagno-
sis of COVID-19 can be performed using RT-PCR, which is the
gold standard for detecting the SARS-CoV-2 virus.”®

With the COVID-19 pandemic, more concern has been
raised regarding coinfections with zoonotic pathogens, which
may escalate to life-threatening and potentially prolonged
effects (long COVID-19), especially in more vulnerable popula-
tions, including immunosuppressed solid organ transplanted
patients.”® SARS-CoV-2 has been found in cats,°>®' ham-
sters,®” and deer,®>** bringing concern about zoonotic events
regarding human and animal health.®® Despite having human
species as a primary reservoir, interspecies contamination of
SARS-CoV-2 is a strong possibility through household expo-
sure, close contact between domestic animals and their own-
ers, contamination through contaminated surfaces in the
domestic environment, which also raised the possibility of
reverse zoonosis, mostly asymptomatic among animals.
Another possibility is that animals are reservoirs of patho-
gens and that through an intermediate vector, they transmit
infections indirectly to people. Examining the dynamics of
interspecies transmission is crucial when assessing the possi-
bility of reservoir and intermediate hosts that could pose a
risk to immunocompromised individuals. It also involves
understanding the potential for an ongoing cycle of cross-
contamination between species that share proximity.®® There
is a scarcity of comprehensive data regarding the pathophysi-
ology, transmission levels, and the associated risk to human
health from diseases caused by viral transmission in immu-
nocompromised populations, despite the high prevalence of
zoonotic events. There is still a gap in knowledge about
whether viral coinfections prevail in highly endemic areas of
virus circulation during the COVID-19 pandemic and whether
these jointly aggravate SARS-CoV-2 infection outcomes.
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Considering that the first reported cases of COVID-19 were
associated with a seafood market, the concern that it was a zoo-
nosis, although such classification may still be considered prema-
ture, preferring the term “emerging infectious disease of probable
animal origin”,®® and an accumulation of studies has demon-
strated a much greater population coverage than exclusively
human. SARS-CoV-2 belongs to the SARbecovirus (SARS-related
coronavirus), which is a group of coronaviruses massively found
in bats. Hence, despite the inability to identify the source of trans-
mission in the initial cases, the zoonotic connection was consis-
tently evident®” Immunocompromised patients use
methotrexate, azathioprine, specific monoclonal antibodies, and
another immunosuppressive drug. It has been described in the
scientific literature that they have greater exposure to the risk of
complications, changing the prognosis in the face of a COVID-19
infection, generating great anxiety about their clinical condition,
given the possibility of contracting this disease.®® There are cases
of patients with solid organ transplants infected by the COVID-19
pathology that evolved with severe and unfavorable conditions,
mainly due to decreased immunity and greater exposure to the
disease virus through organ reception.®”

Arboviral diseases (arthropod-borne viral diseases)

While these diseases are primarily transmitted by arthropods,
some of them can have zoonotic components, meaning that
they involve animals as reservoir hosts or intermediate hosts,
making transmission more complex and expanding the abil-
ity to disseminate viral genetic material in the transmission
cycle. This group of viruses has shown a significant increase
in the number of cases and the emergence of several out-
breaks involving Dengue, Chikungunya, and Zika, represent-
ing a significant risk for individuals who have undergone
organ transplantation. The high levels of viremia among
these infections explain the ability to maintain the cycle
between the vector and the host.™

Dengue virus

Dengue virus belongs to the family Flaviviridae, transmitted by
Aedes mosquitoes, and humans are the primary hosts. Some
studies have suggested that non-human primates may also
contribute to the transmission cycle, although no reservoirs
of the dengue virus have been detected in the Americas.'®
Given the limited studies of extensive wild areas, this possi-
bility should be considered. Dengue is caused by four related
but antigenically distinct dengue viruses covering serotypes
1-4. Recently, the genome of dengue virus serotype 4 was
sequenced in bats’ brains. However, this serotype was intro-
duced in Northern Brazil in 2010, an insufficient time to estab-
lish an effective sylvatic cycle of the pathogen.”” The cycle of
this disease begins with the bite of the Aedes aegypti mosquito
in an infected person. In the mosquito, the virus replicates in
its midgut and other organs, up to the salivary glands, migrat-
ing to the bloodstream of the bitten individual. There, the
virus begins to multiply in organs, such as the spleen and
liver; this incubation period lasts about seven days. The den-
gue virus also can replicate in blood cells, reaching the bone
marrow, which compromises the production of platelets. The
diagnosis of this disease involves clinical and laboratory
aspects, through tests such as serology and agent isolation
and determination of specific antibodies, in addition to blood

count, ESR (Erythrocyte Sedimentation Rate), coagulogram,
and liver enzyme tests.'®'® The authors found that Dengue is
relatively infrequent in kidney transplant patients and no dis-
parity in clinical characteristics was observed, compared to
immunocompetent patients.”® Kidney dysfunction was less
severe and transient in kidney transplant recipients.?’ Only a
few kidney transplant recipients had a slight increase in
serum creatinine levels without acute renal failure or the
need for dialysis support.?

On the other hand, the incidence of severe Dengue and
mortality were significantly higher in kidney transplant
patients.”® A study followed four patients diagnosed with den-
gue infection in their early postoperative period. Among these
patients, two required multiple platelet transfusions, one
needed intensive care management due to respiratory distress
associated with pleural effusion, two patients experienced
severe leukopenia, even after interruption of immunosuppres-
sant use, and two presented temporary graft dysfunctions.
The authors suggest that screening for Dengue for potential
organ transplant candidates and donors is crucial in regions
where dengue outbreaks are prevalent. For patients who
develop fever and thrombocytopenia shortly after surgery,
Dengue NS1 antigen testing should be carried out.??

West Nile virus

West Nile virus (WNV) is a single-stranded RNA virus, also part
of the Flaviviridae family, transmitted through mosquito bites
and involving a wild cycle that uses birds as hosts. It is wide-
spread worldwide, progressively becoming an important cause
of viral encephalitis. Nearly a fifth of infected individuals expe-
rience predominantly mild symptoms, while less than 1% of
infected persons, especially elderly and immunocompromised
individuals, develop severe neuroinvasive disease with possi-
ble lasting functional impairment and a 10% mortality risk.”*

Since 2002, there have been records of WNV transmission
in organ recipients, indicating that the risk of neuroinvasive
diseases, sequelae, and mortality are significantly higher in
the group of transplant patients compared to the general popu-
lation. However, differently, there are records of asymptomatic
cases or cases with full clinical recovery, after contamination
with  WNV through organ transplantation.”* One study
involved eight patients receiving SOT, with a reduction in the
dosage of immunosuppressants performed in seven patients,
and the use of intravenous immunoglobulin in five patients.
The electroencephalogram showed abnormality in five
patients and persistent neurological dysfunction was recorded
in two patients. From this report, two patients died from the
viral disease in its neuroinvasive form.?

Currently, the most sensitive tests for WNV infection are
the detection of IgM antibodies in cerebrospinal fluid and
serum enzyme immunoassay. It is important to highlight
that samples collected before eight days of the onset of symp-
toms may provide false negative results, and a new collection
must be carried out after this period.**

Zika virus

Zika is also a component of the Flaviridae family and may pos-
sess wild reservoirs among non-human primates. The pri-
mary transmission mode to humans is through the bite of
infected Aedes mosquitoes, primarily Aedes aegypti and
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Aedes albopictus.’ Its transmission can occur non-vectorially
through sexual and transplacental transmission.?” Most peo-
ple infected with the Zika virus are asymptomatic, but mild
symptoms such as fever, rash, joint and muscle pain, head-
ache, and conjunctivitis may occur, lasting less than a week.
A Zika epidemic was recorded on the American continent in
2015 and 2016. This infection reached public prominence due
to the occurrence of congenital Zika syndrome, mainly lead-
ing to microcephaly, detected in children born to mothers
infected during pregnancy.

Case reports describing Zika infection in transplant patients
are limited. Zika infection was confirmed among 129 kidney
transplants and 58 liver transplants tested in Brazil. All recipients
of Zika-infected organ transplant patients experienced complica-
tions, mainly bacterial infections, and required hospitalization.
Based on this small case series, assessing the potential impact of
Zika was not feasible on recipients of immunosuppressed organs,
including infectious complications and graft rejection.”

A fatal case of Zika infection was described in a patient who
underwent a heart transplant eight months earlier, undergoing
regular immunosuppressive therapy. The patient developed
viral meningitis, which led to the suspension of almost all of
these immunosuppressive drugs, which induced an acute rejec-
tion and subsequent failure of the transplanted organ.”

Yellow fever virus

The yellow fever virus belongs to the Flaviviridae family, being
the cause of a potentially life-threatening disease, frequently
transmitted to humans via the bite of infected mosquitoes,
mainly Aedes aegypti. In the wild, non-human primates serve
as the primary reservoir for the yellow fever virus. Most cases
exhibit mild symptoms, such as fever, headache, muscle and
joint pain, and fatigue. Unusually, some cases may evolve to
a high fever, jaundice, bleeding, and death. The yellow fever
vaccine is very effective, achieving long-term immunization,
and is recommended as protection for travelers or residents
of endemic areas.

Nevertheless, as a live-attenuated vaccine, the transmission
of the 17D-yellow fever vaccine virus through SOT was recorded
with adverse consequences, demonstrating the need to recog-
nize the possibility of donor-derived infection.®® A patient who
underwent a kidney transplant five years before, using mainte-
nance immunosuppressants, was inadvertently vaccinated
against yellow fever, developing symptoms of the disease and
requiring interruption of the medications. One month after the
patient was discharged, he developed subclinical antibody-
mediated rejection, which was resolved by plasmapheresis.** A
patient who had undergone a kidney transplant continued to
receive immunosuppressant therapy for 25 years. Due to an
outbreak in his area, a vaccination campaign began, but he was
not recommended to take the vaccine due to his immunocom-
promised state. When he developed symptoms of the disease,
his health deteriorated, quickly progressing to liver failure,
encephalopathy, and death.*

Chikungunya virus

Chikungunya virus belongs to the Alphavirus genus of the
Togaviridae family and is transmitted through an arthropod
vector. The virus maintains circulation by an urban cycle,
transmitted from blood-feeding mosquitoes of the Aedes

genus to humans, and a wild cycle, registered only in Africa
and Asia, involving mosquitoes and non-human primates as
reservoirs. Since 2004, Chikungunya has emerged and has
been involved in outbreaks in Africa, Asia, Europe, and the
Americas. Recently, the hypothesis that a wild cycle in Mexico
involving bats as occasional hosts has emerged.**** Accord-
ing to the SINAN (notifiable diseases information system
from the Brazilian Ministry of Health), between 2017 and
2021, approximately 784,626 cases of the pathology in ques-
tion were reported in Brazil.

Regarding regions, the one with the highest number of reg-
istered cases was the Brazilian northeast, with an incidence
of 415/100 thousand cases.®® The specific diagnosis of Chikun-
gunya fever is of paramount importance in endemic regions
and is performed through viral isolation and viral RNA
research in different samples or through the detection of spe-
cific antibodies. Therefore, the standard tests for researching
the pathology of interest are serology, RT-PCR, and immuno-
chromatographic tests, among others.*® Although Chikungu-
nya fever is generally benign, prolonged polyarthralgia can
lead to a significant disability in elderly patients.*>” Atypical
manifestations include meningoencephalitis, myocarditis,
and respiratory, renal, and hepatic failure.®® A study con-
ducted in Brazil examined the clinical symptoms of Chikun-
gunya in four kidney transplant recipients. The clinical
picture was typical; none of the patients developed severe
manifestations, and all recovered without complications.
Some organ-recipient patients presented with fever, abdomi-
nal pain, and headache but did not show arthritis or arthral-
gia.’® A case report details the detection of the virus in the
cerebrospinal fluid of a patient undergoing a liver trans-
plant.*® A woman who underwent a kidney transplant seven
years before was using immunosuppressive drugs when she
contracted the infection. The decision was not to change the
medication regimen, maintaining the exact dosage. The
patient recovered her renal function after convalescence. The
immunosuppressants may have lowered the inflammatory
response through a blockage of cytokines production, leading
to a milder disease and symptoms.**

SOT recipients with Chikungunya infection appear to pres-
ent with a clinical presentation and course similar to what is
observed in the general population, with no apparent damage
to the graft. Liver transplant recipients did not show an eleva-
tion of liver enzymes, and there was no clinical impact on
graft function. Although reports of Chikungunya in the trans-
plant population are rare, the transplant community should
be reminded that the risk of Chikungunya infection should be
considered in deceased organ donor candidates who recently
returned from travel to endemic areas. In a case series with
ten patients undergoing solid organ transplants, in which five
were receptors for a kidney, four were submitted to liver
transplant, and one had a combined kidney and liver trans-
plant, only two patients developed arthritis, and none of the
study subjects required intensive care.*’

Other viruses that may pose a threat through zoonotic
transmission

Porcine hemagglutinating encephalomyelitis virus (PHEV)
belongs to the Coronaviridae family and is known to cause
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neurological disease in pigs, but it can also affect other animal
systems. This virus uses the respiratory route to spread and
may cause ataxia, tremors, and inability to stand, having an
economic impact on pig farming, with high mortality among
piglets. Recently, mutations in the genetic material of this
virus were detected, similar to the adaptations presented by
human coronavirus, making possible its growth in the respi-
ratory tract.”’

The Getah virus (GETV) belongs to the Togaviridae family
and causes a disease that affects primarily horses, pigs, and
birds through the bite of mosquitoes. Infrequently, cases of
infection in humans have been reported, causing symptoms
similar to those of other arboviral diseases, such as fever,
joint pain, and rashes. This pathogen may represent an epi-
demic risk due to its expanding host range and the potential
to spread the virus through animal trade, emphasizing the
need for vigilance in molecular epidemiology.”*

Human circoviruses are a group of the Circoviridae family;
these pathogens have a DNA genome, are small, and do not
have an envelope. Most commonly, components of this
group infect birds and pigs. However, it has recently been
described as human circovirus type 1 (HCirV-1) and was
associated with liver damage in a solid organ transplant
recipient.”?

The Lloviu virus (LLOV) belongs to the Filoviridae family,
including Ebola and Marburg viruses. It has been found in
bats, and human infections with the Lloviu virus have been
unidentified, but it may infect monkeys and multiple human

cell lines, suggesting that the spillover potential of this virus
must be a risk to be considered.”

Rotavirus has an RNA genome and a triple-layered protein
capsid, facilitating its entry into host cells and contributing to
its stability and effectiveness in causing gastrointestinal
infections in humans and animals, making infection highly
contagious. The outer capsid proteins are important for vac-
cine development and classification of different rotavirus
strains. The virus is transmitted via the fecal-oral route, direct
contact with an infected person, or the consumption of con-
taminated food and water. The infection leads to severe diar-
rhea, vomiting, fever, abdominal pain, and dehydration. A
broad genetic diversity of rotaviruses A strains were found
among bats, with genetic proximity to contaminating viruses
from other mammals, suggesting that they have a common
ancestor, opening the possibility that new interspecies con-
tamination may occur.”* Rotavirus infection in transplant
recipients may precipitate renal failure in severe cases, and
enteritis in the context of intestinal transplants demon-
strated a 70 % rate of acute cellular rejection.””

Organ transplantation-failure-related viruses

BKV polyomavirus

The BK Virus (BKV) is classified within the Polyomaviridae fam-
ily and is a small, non-enveloped virus comprising approxi-
mately 5000 nucleotides in length. It is a virus with frequent
presence in the human population and a driver of

Table 1 - Viral pathogens and their clinical presentation in immunocompetent and immunocompromised patients.

Viral pathogen Clinical presentation Laboratory diagnosis References
Immunocompetent Immunocompromised
patients patients
Influenza Fever, chills, cough, sore throat, Pneumonia, bronchitis, and Rapid Influenza Diagnostic 11-14
headaches, muscle or body exacerbation of chronic medi- Tests and Molecular Tests
aches, fatigue cal conditions (PCR)
Dengue Fever, headache, joint and Severe leucopenia and plaque- NS1 Antigen Test and IgM and 19-23
muscle pain, rash, nausea, topenia, respiratory distress, IgG Antibody Tests
vomiting, fatigue higher mortality
West Nile virus Asymptomatic, mild, neuroin- Fatal neuroinvasive disease ELISA; RT-PCR 24,25
vasive disease (rare) (often)
Zika Fever, rash, joint pain, muscle Secondary bacterial infections Zika Virus RNA Testing (PCR) 28,29
pain, headache, and viral meningitis and IgM/IgG Serology
conjunctivitis
Yellow fever Fever, headache, muscle and Liver failure, encephalopathy, Yellow Fever Virus RNA Testing 31,32
joint pain, fatigue and death (PCR) and IgM/IgG Serology
Chikungunya Fever, joint pain, muscle pain, Milder symptoms Chikungunya Virus RNA Test- 36-42
rash, headache, fatigue ing (RT-PCR) and IgM/IgG
Serology
Hepatitis E Jaundice, fatigue, abdominal Fulminant hepatitis, chronic Hepatitis E RNA Detection (PCR) 44-51
pain, loss of appetite, nausea hepatitis and cirrhosis and IgM/IgG Serology
Rabies virus Fatal encephalitis Fatal encephalitis Microscopy; Direct fluorescent 53,54
antibody; Immunohis-
tochemistry; RT-PCR
SARS-CoV-2 Fever, cough, fatigue, vomiting, Severe outcome, respiratory Antigen test and RT-PCR 55-58
diarrhea insufficiency, and death
BKV polyomavirus ~ Asymptomatic Ureteral stenosis and kidney Urinary Polymerase Chain 77-79
dysfunction and Reaction (PCR) and renal
inflammation biopsy
Cytomegalovirus Fever, indisposition, loss of Increased incidence of morbid- PCR, IgM/IgG Serology, ELISA 80-84
appetite ity and mortality method, Western Blot
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nephropathy and hemorrhagic cystitis in kidney transplanted
patients.”®’® Human polyomaviruses are believed to be trans-
mitted through direct person-to-person contact and via con-
taminated surfaces, food, and water. However, confirming
these transmission routes is difficult due to the asymptom-
atic nature of primary infections or clinically non-specific pre-
sentations.”” This pathogen’s replication is accelerated in
cases of immunosuppression, such as pregnancy, neoplasms,
HIV infection, and organ transplantation. There are cases of
ureteral stenosis in patients with kidney transplants, which
developed after a few months of receiving the organ.”” BK
virus infection may be a common occurrence at a young age,
with the virus remaining dormant in the kidneys of healthy
individuals. However, the virus can be reactivated in immu-
nocompromised patients, leading to BK virus-associated
nephropathy, characterized by kidney dysfunction and
inflammation, increasing the risk of kidney rejection in trans-
plant recipients. Due to this possibility, intensive monitoring
and follow-up are required to adjust immunosuppressive
therapy during viral reactivation.

Cytomegalovirus
The cytomegalovirus (CMV) belongs to the Herpesviridae fam-
ily, having an icosahedral protein capsid and a DNA genome,
and unlike other herpesviruses, this pathogen has an external
envelope. It has a worldwide prevalence of around 60-90 %
and is associated with poor hygiene, housing, and quality of
life conditions. It is rare in immunocompetent children and
adults but shows increased morbidity and mortality among
immunocompromised individuals.®°®? Symptoms can range
from fever, indisposition, and loss of appetite to cases of jaun-
dice, petechiae, and neurological changes. The absence of
antiviral drug prophylaxis may lead to approximately 10 % to
50 % of SOT recipients developing symptomatic CMV infec-
tion.®* The cycle of this disease initiates with the introduction
of the virus into the human body through its attack on the
host cell’s surface, triggering a replication process and
increasing the pathogen burden into blood and other body
fluids. Diagnosis of CMV is based on clinical and immunologi-
cal results by detecting CMV through viral isolation, PCR, IgM,
and IgG serology detection by ELISA and western blotting,
among other techniques.®>#*

Table 1 summarizes representative up-to-date literature
on zoonotic viral infection in SOT patients and clinical out-
comes.

Conclusion

The zoonotic origin of SARS-CoV-2 has raised more aware-
ness of the possibility of new outbreaks and coinfection with
potential zoonotic and organ failure-relevant viruses. Climate
change, new ecological conditions, altered human behaviors,
and increased human-animal interactions (pets and farming
animals) are predisposing factors for disseminating viral dis-
eases. In addition, increased urbanization and disruption of
wildlife ecosystems bring more wild animals in close contact
with the human vicinity, potentially increasing emerging
viral exposure to human populations. In this review, we call
for more awareness of the health impact of zoonotic viruses

in SOT patients as a significant threat to global health and the
need for permanent surveillance. More research is warranted
to investigate their transmission dynamics pathophysiology
in transplanted individuals to avoid organ rejection and mor-
tality. These studies may also contribute to developing novel
therapeutic strategies against emerging zoonotic viruses in
crosstalk with other viruses inducing organ rejection.

In response to this challenge, vaccination, prophylaxis,
and preemptive therapy are some strategies that have been
developed and proven effective.

Conflicts of interest

The authors declare no have conflicts of interest.

Declaration of generative Al and Al-assisted
technologies in the writing process

During the preparation of this work the authors have used
ChatGPT 3.5 in order to improve language and readability.
After using this service, the authors reviewed and edited the
content as needed and take full responsibility for the content
of the publication.

Acknowledgments

We acknowledge the financial support provided during this
research by FIO-0167-00070.01.00/20 Programa INOVA FIOC-
RUZ-CE/FUNCAP — Edital 01/2020.

We thank Dr. Taind Veras S. Freitas, from the Department
of Clinical Medicine, School of Medicine, Federal University of
Ceara, and Dr. José Carlos R. Nascimento, from the Institute of
Health Sciences, University of International Integration of
Afro-Brazilian Lusophony, for their valuable suggestions and
critical review of this manuscript. We also would like to thank
Dr. Raul S. Freitas by aiding with the figure preparation.

REFERENCES

1. Esposito MM, Turku S, Lehrfield L, Shoman A. The impact of
human activities on zoonotic infection transmissions.
Animals. 2023;13:1646.

2. White RJ, Razgour O. Emerging zoonotic diseases originating
in mammals: a systematic review of effects of anthropogenic
land-use change. Mamm Rev. 2020;50:336-52.

3. Spernovasilis N, Tsiodras S, Poulakou G. Emerging and re-
emerging infectious diseases: humankind’s companions and
competitors. Microorganisms. 2022;10:98.

4. World Health Organization (WHO). Zoonoses. [cited 2023 Nov
21]; Available from: https://www.who.int/news-room/fact-
sheets/detail/zoonoses

5. Vanichanan J, Udomkarnjananun S, Avihingsanon Y,
Jutivorakool K. Common viral infections in kidney transplant
recipients. Kidney Res Clin Pract. 2018;37:323-37.

6. Tarhini H, Waked R, Rahi M, et al. Investigating infectious
outcomes in adult patients undergoing solid organ
transplantation: a retrospective single-center experience,
Paris, France. PLoS ONE. 2023;18:0291860.


http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0001
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0001
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0001
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0002
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0002
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0002
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0003
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0003
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0003
https://www.who.int/news-room/fact-sheets/detail/zoonoses
https://www.who.int/news-room/fact-sheets/detail/zoonoses
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0005
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0005
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0005
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0006
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0006
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0006
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0006

BRAZ ] INFECT DIS. 2024;28(2):103742 9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Singh N, Limaye A. Infections in Solid-Organ Transplant

Recipients. 20153440-52.

. Noshadi N, Yaghoubi R, Afshari A, Forouzanfar M,

Soleimanian S. Impaired CD4+ cytotoxic T lymphocyte activity
in polyomavirus BK infected kidney transplant recipients. Iran
J Allergy Asthma Immunol. 2023;22:379-89.

. Shbaklo N, Tandoi F, Lupia T, Corcione S, Romagnoli R, De

Rosa FG. Bacterial and viral infections in liver transplantation:
new insights from clinical and surgical perspectives.
Biomedicines. 2022;10:1561.

Lu XM, Feng XY, Wu Y, Wen CB, Liu H, Zhang DX. Genetic
characterization of a novel HSN6 subtype highly pathogenic avian
influenza virus from goose in China. J Infect. 2023;87:94-5.
Chavarin DJ, Bobba A, Davis MG, et al. Comparative analysis of
clinical outcomes for COVID-19 and influenza among cardiac
transplant recipients in the United States. Viruses.
2023;15:1700.

Sanchez-Gonzalez C, Pérez BS, Reyes MP, Aguilar JLF, Villalba
JS, Santoyo JS. Recipient with influenza A infection:
contraindication to transplant? A case report. Transplant Proc.
2023;55:2299-300.

Arentoft NS, Mgller DL, Knudsen AD, et al. Influenza in liver
and kidney transplant recipients: incidence and outcomes.
Microbiol Spectr. 2023;11:e0322622.

Haddadin Z, Spieker AJ, Amarin JZ, et al. Incidence of and risk
factors for influenza-associated hospital encounters in
pediatric solid organ transplant recipients. Am J Transplant.
2023;23:659-65.

Freeman MC, Coyne CB, Green M, Williams JV, Silva LA.
Emerging arboviruses and implications for pediatric
transplantation: a review. Pediatr Transplant. 2019;23:e13303.
Turell MJ, Gozalo AS, Guevara C, et al. Lack of evidence of
sylvatic transmission of dengue viruses in the Amazon
Rainforest Near Iquitos, Peru. Vector Borne Zoonotic Dis.
2019;19:685-9.

Franco Filho LC, Barata RR, Coelho MS, et al. Genome
sequencing of dengue virus serotype 4 in a bat brain sample
(Platyrrhinus helleri) from the Brazilian Amazon. Infect Genet
Evol. 2023;109:105407.

Weaver SC, Vasilakis N. Molecular evolution of dengue
viruses: contributions of phylogenetics to understanding the
history and epidemiology of the preeminent arboviral disease.
Infect Genet Evol. 2009;9:523-40.

Guzman MG, Halstead SB, Artsob H, et al. Dengue: a
continuing global threat. Nat Rev Microbiol. 2010;8:57-16.
Pinsai S, Kiertiburanakul S, Watcharananan SP,
Kantachuvessiri S, Boongird S, Bruminhent J. Epidemiology
and outcomes of dengue in kidney transplant recipients: a 20-
year retrospective analysis and comparative literature review.
Clin Transplant. 2019;33:e13458.

Thomas ETA, George ], Sruthi D, Vineetha NS, Gracious N.
Clinical course of dengue fever and its impact on renal
function in renal transplant recipients and patients with
chronic kidney disease. Nephrology. 2019;24:564-8.

Bansal SB, Rana A, Gadde A, Jha P, Kotton CN. Dengue
infection immediately after kidney transplantation.
Transplantation. 2022;106:e354-5.

Weerakkody RM, Palangasinghe DR, Wijewickrama ES.
Dengue fever in a kidney transplant recipient with
complicated clinical course: a case report. ] Med Case Rep.
2018;12:260.

Mrzljak A, Dinjar-Kujundzic P, Santini M, et al. West Nile
Virus: an emerging threat in transplant population. Vector
Borne Zoonotic Dis. 2020;20:613-8.

Abbas A, QiuF, Sikyta A, Fey PD, Florescu DF. Neuroinvasive
West Nile virus infections after solid organ transplantation:
single center experience and systematic review. Transpl Infect
Dis. 2022;24:e13929.

26

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

. Valentine MJ, Murdock CC, Kelly PJ. Sylvatic cycles of
arboviruses in non-human primates. Parasit Vectors.
2019;12:463.

Noorbakhsh F, Abdolmohammadi K, FatahiY, et al. Zika virus
infection, basic and clinical aspects: a review article. Iran J
Public Health. 2019;48:20-31.

Nogueira ML, Estofolete CF, Terzian ACB, et al. Zika virus
infection and solid organ transplantation: a new challenge.
Am ] Transplant. 2017;17:791-5.

Schwartzmann PV, Ramalho LNZ, Neder L, et al. Zika virus
meningoencephalitis in an immunocompromised patient.
Mayo Clin Proc. 2017;92:460-6.

Gould CV, Free R], Bhatnagar ], et al. Transmission of yellow
fever vaccine virus through blood transfusion and organ
transplantation in the USA in 2021: report of an investigation.
Lancet Microbe. 2023;4:e711-21.

de Sousa MV, Zollner R de L, Stucchi RSB, Boin I de FSF, de
Ataide EC, Mazzali M. Yellow fever disease in a renal
transplant recipient: case report and literature review. Transpl
Infect Dis. 2019;21:e13151.

Pierrotti LC, Duarte-Neto AN, Song ATW, Ventura CG, David-
Neto E, Azevedo LS. Fatal yellow fever in a kidney transplant
patient. Clin Infect Dis. 2020;70:144-8.

Hernandez-Aguilar I, Lorenzo C, Ramirez-Palacios LR,
Santos-Moreno A, Naranjo EJ. Molecular detection of
Dengue virus, Zika virus, and Chikungunya Virus
arboviruses in neotropical bats. Vector Borne Zoonotic Dis.
2023;23:428-36.

Ganesan VK, Duan B, Reid SP. Chikungunya virus:
pathophysiology, mechanism, and modeling. Viruses.
2017;9:368.

Couceiro F, Furtado F, Guedes G, Benchimol L, Sabova M,
Mendong¢a M. Epidemiology of Chikungunya in Brazil:
socioeconomic and health context between 2017 and 2021. Res
Soc Dev. 2022.

Mourad O, Makhani L, Chen LH. Chikungunya: an emerging
public health concern. Curr Infect Dis Rep. 2022;24:217-28.
Vairo F, Haider N, Kock R, Ntoumi F, Ippolito G, Zumla A.
Chikungunya: epidemiology, pathogenesis, clinical features,
management, and prevention. Infect Dis Clin North Am.
2019;33:1003-25.

Bonifay T, Prince C, Neyra C, et al. Atypical and severe
manifestations of chikungunya virus infection in French
Guiana: a hospital-based study. PLoS ONE. 2018;13:e0207406.
Pierrotti LC, Lopes MIBF, Nascimento AP do, Caiaffa-, et al.
Chikungunya in kidney transplant recipients: a series of cases.
Int ] Infect Dis. 2017;64:96-9.

Pimenta ES, Cavalcanti MG, Cabral-Castro MJ, Lima MA,
Peralta JM, Santoro-Lopes G. Neuroinvasive chikungunya in
a liver transplant recipient. Transpl Infect Dis. 2021;23:
e13554.

Foresto RD, Santos DW de CL, Hazin MAA, et al. Chikungunya
in a kidney transplant recipient: a case report. ] Bras Nefrol.
2019;41:575-9.

Rosso F, Rodriguez S, Cedano JA, Mora BL, Moncada PA, Velez JD.
Chikungunya in solid organ transplant recipients, a case series
and literature review. Transpl Infect Dis. 2018;20:¢12978.

The Lancet. Growing concerns of hepatitis E in Europe. Lancet.
2017;390:334.

Lhomme S, Marion O, Abravanel F, Izopet J, Kamar N. Clinical
manifestations, pathogenesis and treatment of hepatitis E
virus infections. J Clin Med. 2020;9:331.

Nimgaonkar I, Ding Q, Schwartz RE, Ploss A. Hepatitis E virus:
advances and challenges. Nat Rev Gastroenterol Hepatol.
2018;15:96-110.

Ruggeri FM, Di Bartolo I, Ponterio E, Angeloni G, Trevisani M,
Ostanello F. Zoonotic transmission of hepatitis E virus in
industrialized countries. New Microbiol. 2013;36:331-44.


http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0007
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0007
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0008
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0008
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0008
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0008
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0009
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0009
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0009
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0009
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0010
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0010
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0010
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0011
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0011
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0011
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0011
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0012
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0012
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0012
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0012
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0012
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0013
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0013
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0013
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0014
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0014
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0014
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0014
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0015
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0015
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0015
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0016
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0016
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0016
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0016
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0017
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0017
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0017
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0017
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0018
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0018
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0018
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0018
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0019
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0019
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0020
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0020
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0020
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0020
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0020
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0021
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0021
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0021
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0021
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0022
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0022
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0022
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0023
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0023
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0023
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0023
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0024
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0024
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0024
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0025
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0025
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0025
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0025
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0026
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0026
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0026
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0027
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0027
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0027
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0028
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0028
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0028
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0029
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0029
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0029
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0030
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0030
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0030
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0030
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0031
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0031
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0031
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0031
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0032
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0032
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0032
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0033
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0033
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0033
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0033
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0033
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0033
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0034
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0034
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0034
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0035
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0035
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0035
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0035
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0035
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0036
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0036
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0037
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0037
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0037
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0037
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0038
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0038
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0038
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0039
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0039
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0039
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0040
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0040
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0040
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0040
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0041
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0041
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0041
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0042
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0042
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0042
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0043
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0043
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0044
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0044
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0044
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0045
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0045
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0045
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0046
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0046
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0046

10

BRAZ J INFECT DIS. 2024;28(2):103742

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

GengY, Zhang H, Huang W, et al. Persistent hepatitis e virus
genotype 4 infection in a child with acute lymphoblastic
leukemia. Hepat Mon. 2014;14:e15618.

Hering T, Passos AM, Perez RM, et al. Past and current
hepatitis E virus infection in renal transplant patients. ] Med
Virol. 2014;86:948-53.

de Oliveira JMNS, Freitas NR de, Teles SA, et al. Prevalence of
hepatitis E virus RNA and antibodies in a cohort of kidney
transplant recipients in Central Brazil. Int ] Infect Dis.
2018;69:41-3.

Kamar N, Rostaing L, Legrand-Abravanel F, Izopet . How
should hepatitis E virus infection be defined in organ-
transplant recipients? Am J Transplant. 2013;13:1935-6.
Damiris K, Aghaie Meybodi M, Niazi M, Pyrsopoulos N.
Hepatitis E in immunocompromised individuals. World ]
Hepatol. 2022;14:482-94.

Ushiro-Lumb I, Forsythe J, Haywood B, et al. Impact of
hepatitis E virus screening in the UK deceased organ donor
population. Transpl Int. 2023;36:11673.

ChenJ, Liu G, Jin T, et al. Epidemiological and genetic
characteristics of rabies virus transmitted through organ
transplantation. Front Cell Infect Microbiol. 2018;8:86.
Srinivasan A, Burton EC, Kuehnert MJ, et al. Transmission of
rabies virus from an organ donor to four transplant recipients.
N Engl ] Med. 2005;352:1103-11.

Kadam SB, Sukhramani GS, Bishnoi P, Pable AA, Barvkar VT.
SARS-CoV-2, the pandemic coronavirus: molecular and
structural insights. ] Basic Microbiol. 2021;61:180-202.
Fernandes Q, Inchakalody VP, Merhi M, et al. Emerging COVID-
19 variants and their impact on SARS-CoV-2 diagnosis,
therapeutics and vaccines. Ann Med. 2022;54:524—40.
Cavalcante JR, Cardoso-Dos-Santos AC, Bremm JM, et al.
COVID-19 in Brazil: evolution of the epidemic up until
epidemiological week 20 of 2020. Epidemiol Serv Saude.
2020;29:€2020376.

OPAS OMS. Transmissao do SARS-CoV-2 : implicagoes para as
precaugoes de prevencao de infecgao. Organ Pan. 2020.
Marinaki S, Tsiakas S, Korogiannou M, Grigorakos K, Papalois
V, Boletis I. A systematic review of COVID-19 infection in
kidney transplant recipients: a universal effort to preserve
patients’ lives and allografts. ] Clin Med. 2020;9:2986.
Garigliany M, Van Laere AS, Clercx C, et al. SARS-CoV-2
natural transmission from human to Cat, Belgium, March
2020. Emerg Infect Dis. 2020;26:3069-71.

Sila T, Sunghan J, Laochareonsuk W, et al. Suspected cat-to-
human transmission of SARS-CoV-2, Thailand, July-
September 2021. Emerg Infect Dis. 2022;28:1485-8.
Haagmans BL, Koopmans MPG. Spreading of SARS-CoV-2 from
hamsters to humans. Lancet. 2022;399:1027-8.

Hale VL, Dennis PM, McBride DS, et al. SARS-CoV-2 infection in
free-ranging white-tailed deer. Nature. 2022;602:481-6.
Griffin BD, Chan M, Tailor N, et al. SARS-CoV-2 infection and
transmission in the North American deer mouse. Nat
Commun. 2021;12:3612.

Tinto B, Revel ], Virolle L, Chenet B, et al. Monitoring SARS-
CoV-2 seroprevalence in domestics and exotic animals in
Southern France. Trop Med Infect Dis. 2023;8:426.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.
82.

83.

84.

Haider N, Rothman-Ostrow P, Osman AY, et al. COVID-19-
zoonosis or emerging infectious disease? Front Public Health.
2020;8:596944.

Jo WK, de Oliveira-Filho EF, Rasche A, Greenwood AD,
Osterrieder K, Drexler JF. Potential zoonotic sources of SARS-
CoV-2 infections. Transbound Emerg Dis. 2021;68:1824-34.
Wegener GS, Hummers E, Muller F, et al. How do
immunocompromised people experience the changes in
their working lives during the COVID-19 pandemic? Results
from a mixed-methods study in Germany. Heliyon. 2023;9:
€20344.

Nacif LS, Zanini LY, Waisberg DR, et al. COVID-19 in solid
organ transplantation patients: a systematic review. Clinics.
2020;75:€1983.

He WT, LiD, Baele G, et al. Newly identified lineages of porcine
hemagglutinating encephalomyelitis virus exhibit respiratory
phenotype. Virus Evol. 2023;9:vead051.

ZhaoJ, Dellicour S, Yan Z, et al. Early genomic surveillance
and phylogeographic analysis of getah virus, a reemerging
arbovirus, in Livestock in China. J Virol. 2023;97:e0109122.
Pérot P, Fourgeaud J, Rouzaud C, et al. Circovirus hepatitis
infection in heart-lung transplant patient, France. Emerg
Infect Dis. 2023;29:286-93.

Kemenesi G, Téth GE, Mayora-Neto M, et al. Isolation of
infectious Lloviu virus from Schreiber’s bats in Hungary. Nat
Commun. 2022;13:1706.

Simsek C, Corman VM, Everling HU, et al. At least seven
distinct rotavirus genotype constellations in bats with
evidence of reassortment and zoonotic transmissions. MBio.
2021;12. e02755-20.

Abbas A, Zimmer AJ, Florescu D. Viral enteritis in solid-organ
transplantation. Viruses. 2021;13:2019.

Moens U, Calvignac-Spencer S, Lauber C, et al. ICTV virus
taxonomy profile: polyomaviridae. ] Gen Virol. 2017;98:1159-
60.

Varella RB, Almeida JR, Lopes P de F, Matos JPS de, Menezes P,
Lugon JR. BK polyomavirus in kidney transplant recipients:
screening, monitoring and clinical management. ] Bras Nefrol.
2014,;36:529-34.

Hirsch HH, Babel N, Comoli P, et al. European perspective on
human polyomavirus infection, replication and disease in
solid organ transplantation. Clin Microbiol Infect. 2014;20:74—
88.

Blackard JT, Davies SM, Laskin BL. BK polyomavirus diversity-
why viral variation matters. Rev Med Virol. 2020;30:e2102.
Zuhair M, Smit GSA, Wallis G, et al. Estimation of the
worldwide seroprevalence of cytomegalovirus: a systematic
review and meta-analysis. Rev Med Virol. 2019;29:€2034.
Gupta M, Shorman M. Cytomegalovirus. Treasure Island; 2023.
Fulkerson HL, Nogalski MT, Collins-McMillen D, Yurochko AD.
Overview of human cytomegalovirus pathogenesis. Methods
Mol Biol. 2021;2244:1-18.

Kotton CN. CMV: prevention, diagnosis and therapy. Am J
Transplant. 2013;13:24-40. quiz 40.

Razonable RR, Inoue N, Pinninti SG, et al. Clinical diagnostic
testing for human cytomegalovirus infections. J Infect Dis.
2020;221:574-85.


http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0047
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0047
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0047
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0048
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0048
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0048
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0049
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0049
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0049
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0049
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0050
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0050
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0050
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0051
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0051
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0051
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0052
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0052
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0052
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0053
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0053
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0053
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0054
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0054
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0054
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0055
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0055
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0055
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0056
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0056
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0056
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0057
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0057
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0057
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0057
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0058
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0058
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0058
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0058
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0058
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0058
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0058
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0059
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0059
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0059
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0059
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0060
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0060
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0060
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0061
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0061
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0061
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0062
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0062
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0063
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0063
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0064
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0064
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0064
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0065
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0065
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0065
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0066
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0066
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0066
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0067
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0067
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0067
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0068
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0068
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0068
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0068
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0068
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0068
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0069
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0069
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0069
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0070
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0070
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0070
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0071
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0071
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0071
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0072
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0072
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0072
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0072
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0073
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0073
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0073
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0073
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0074
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0074
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0074
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0074
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0075
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0075
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0076
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0076
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0076
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0077
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0077
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0077
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0077
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0078
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0078
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0078
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0078
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0079
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0079
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0080
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0080
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0080
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0081
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0082
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0082
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0082
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0083
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0083
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0084
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0084
http://refhub.elsevier.com/S1413-8670(24)00025-4/sbref0084

	Susceptibility of solid organ transplant recipients to viral pathogens with zoonotic potential: A mini-review
	Introduction
	Methodology
	Solid organ transplantation and viral zoonotic infections
	Potential zoonotic viruses
	Influenza virus
	Hepatitis E virus
	Rabies virus
	Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
	Arboviral diseases (arthropod-borne viral diseases)
	Dengue virus
	West Nile virus
	Zika virus
	Yellow fever virus
	Chikungunya virus

	Other viruses that may pose a threat through zoonotic transmission
	Organ transplantation-failure-related viruses
	BKV polyomavirus
	Cytomegalovirus


	Conclusion
	Conflicts of interest
	Declaration of generative AI and AI-assisted technologies in the writing process
	Acknowledgments

	References


