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Abstract: Anti-rejection medications are essential in preventing organ rejection amongst solid organ
transplant recipients; however, these agents also cause profound immunosuppression, predisposing
lung transplant recipients (LTRs) to infectious complications. The timely management including
prevention, diagnosis, and treatment of such infectious complications is vital to prevent significant
morbidity and mortality in solid organ transplant recipients and allograft dysfunction. LTRs are
inundated with microbes that may be recognized as commensals in hosts with intact immune systems.
Bacterial infections are the most common ones, followed by viral pathogens. Indications of a brewing
infectious process may be subtle. Hence, the importance of adapting vigilance around isolated hints
through symptomatology and signs is pivotal. Signals to suggest an infectious process, such as
fever and leukocytosis, may be dampened by immunosuppressive agents. One must also be vigilant
about drug interactions of antibiotics and immunosuppressive agents. Treatment of infections can
become challenging, as antimicrobials can interact with immunosuppressive agents, and antimicrobial
resistance can surge under antimicrobial pressure. Transplant infectious disease physicians work in
concert with transplant teams to obtain specimens for diagnostic testing and follow through with
source control when possible. This heavily impacts medical decisions and fosters a multidisciplinary
approach in management. Furthermore, the reduction of immunosuppression, although it augments
the risk of allograft rejection, is as crucial as the initiation of appropriate antimicrobials when it comes
to the management of infections.
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1. Risk of Infection and the Timeline of Predisposition to Infection

The risk of acquiring infections post solid organ transplantation depends on the epi-
demiologic risks and the host’s overall net state of immune suppression [1]. Epidemiologic
risks predispose to bacterial, viral, fungal, and parasitic infections [2]. Infections can be
community-acquired and nosocomial, depending on the host’s defense mechanism and
time since transplant. Intense immune dysfunction predisposes to infection with a more
significant disease burden and severity than that in non-immunocompromised individu-
als [1,3]. Although bronchoscopy protocols vary by institution, they play a significant role
in the timely diagnosis of infections as well as rejection [4]. Understanding predisposing
risk factors to infections in LTR patients is not straightforward [3,5]. We are now learning
that the interaction between the microbiome and the immune system influences immune
dysregulation and graft survival. Our perception regarding the microbiome has been
elaborated recently, and interestingly, the microbiome in LTRs is even more complex. The
microbiome of a transplant recipient is a function of prior colonization of mucosal sur-
faces, the allograft microbiome, and pathogens derived from the community or nosocomial
exposures [6]. Immunosuppression, infections, changing antimicrobials, preexisting comor-
bidities, and breaches in mucosal barriers due to surgery all contribute to alterations in the
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microbial milieu of an immunocompromised host [6,7]. Further research will determine
the impact of this understanding on the clinical management of LTRs.

Epidemiology influences the acquisition of new infections, reactivation of quiescent
infections, or exacerbation of untreated infections. This understanding helps us decide
on appropriate donor and recipient screening for infections before transplantation and
initiation of immunosuppression [7]. Please view Table 1 for common tests in donors.
Although certain donors are considered high risk by the Public Health Service (PHS) we
routinely perform HIV and hepatitis B and C screening in all donors. Devising appropriate
preemptive or prophylaxis strategies against anticipated pathogens also highlights the
cognitive acumen practiced while managing LTRs.

Table 1. Common Tests for Infections in Donors.

Bacteria
Blood Culture
Sputum Culture

Vital

Hepatitis C Virus Nuclear Antigen Amplification
Human Immune Deficiency Virus (HIV) Nuclear Antigen Amplification
4th generation HIV
Hepatitis B Core Antibody
Hepatitis B Surface Antigen and Antibody
Hepatitis B Nuclear Antigen Amplification
Human T Lymphotropic Virus Nuclear Antigen Amplification and I/II Antibody
Cytomegalovirus Serology IgG
Epstein–Barr Virus (VCA) (IgG)
Ebstein–Barr Virus (VCA) (IgM)
Epstein–Barr Virus Nuclear Antigen
West Nile Nuclear Antigen Amplification
Nasopharyngeal Swab for SARS COVID-19

Fungal Sputum Culture

Parasite

Toxoplasma (IgG)
Chagas NAT

Strongyloidiasis Serology

2. Bacterial Infection in LTRs

The most frequent infectious complications following LT are bacterial infections, about
50% of which predominantly present as pneumonia [2]. Pneumonia can be acute or chronic,
community-acquired, hospital-acquired, or due to opportunistic pathogens in this patient
population. Several risk factors can result in pneumonia, including underlying medical
comorbidities such as cystic fibrosis (CF) predisposing to colonization by multidrug-resistant
(MDR) bacteria, cardiovascular disease, and post-transplant requirement for mechanical
ventilation. The risk of infection is an interaction of two pivotal factors: epidemiologic risk
factors and a net state of immunity [2,8].

3. Pre-Lung Transplant

A comprehensive understanding of the recipient is pivotal to improving outcomes
post-lung transplant [2,9]. This entails obtaining a thorough history that considers existing
comorbidities, previous infections/colonization, and either resolution of infection or a
controlled state before transplant. Obtaining extensive social history to understand environ-
mental and epidemiological risk factors that may predispose to infections is also paramount.
Assessment of colonization by various pathogens is essential to guide prophylactic therapy,
time to transplant, and an indication of a double lung transplant. Although protocols for
perioperative antimicrobial prophylaxis vary across centers, generally, broad-spectrum
antimicrobials are utilized [10]. Poor post-transplant outcomes have been described due
to prior colonization and previous or active infection, especially with MDR pathogens.
Colonization or infection secondary to Burkholderia cepacia complex and Mycobacterium
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abscessus result in contraindication to a single lung transplant, and even for a double lung
transplant, the risk is increased [11]. Screening with rectal swabs for colonization of spe-
cific MDR pathogens, e.g., vancomycin-resistant Enterococcus (VRE), Klebsiella pneumoniae
carbapenemase (KPC), and nasal swabs for MRSA prior to transplantation is suggested in
certain patients; however, this is not a universal practice [12].

Post-lung transplant infections in immunosuppressed hosts can be distributed over a
timeline starting from the time of transplant (Table 2). This is due to changing risk factors
starting from surgery, progressive immunosuppression, predisposition to the emergence of
latent infections, and community exposures. Operative intervention results in anatomical
breach in sterility and deprives LTRs of primary defense mechanisms. This predisposes
them to hospital-acquired infections, aspiration pneumonia, central line-associated blood-
stream infections (CLABSI), and urinary catheter-associated infections. The proposed
timeline represents three overlapping periods of risk: within the first month of transplanta-
tion, 1 to 6 months post-transplantation, and more than 6 months after transplantation [13].

Table 2. Timeline of Common Post-transplant Infections.

Timeline of Common Post-Transplant Infections

Source
<4 weeks 1–12 months >12 months

Nosocomial, related to surgery, donor
or recipient-derived

Activation of latent infections,
opportunistic infections Community-derived infections

Bacteria

Bacterial infections are due to the
following scenarios.
Anastomotic leak, Clostridium
dificille, line infection, wound
infections, nosocomial pneumonia,
urinary tract infections

Listeria, Nocardia, Mycobacterium Community-derived infections

Viruses Donor-derived viruses

Herpes group (CMV, EBV, HHV6, 8,
HSV, VZV), Hepatitis viruses (HAV,
HBV, HCV, HEV), Retroviruses (HIV,
HTLV-1 and 2)

Community-acquired viruses,
CMV, HPV, JC Polyoma Virus,
PTLD

Fungi Candida species Aspergillus, endemic fungi, Mucor,
Scedosporium, PCP

Aspergillus, Mucor,
Scedosporium, Cryptococcus

Parasites Less likely
Leishmania,
Toxoplasma gondii, Trypanosoma Cruzii,
Strongyloides stercoralis

Strongyloides stercoralis

4. 0–1 Month Post LTR

LTRs are at the highest risk of infections in the first month post-transplant. While
evaluating an LTR, it is helpful to consider possible predisposing factors during the first
month post-transplant [14]. These factors include surgical complications, donor-derived
infections, untreated or partially treated recipient infections, and nosocomial infections [15].
Infections early in transplant often reflect surgical complications (e.g., anastomotic com-
plications or bleeding) [16]. There has also been a consideration in case reports and case
series of hyperammonemia syndrome (HS) in lung transplant recipients in association with
Mycoplasma hominis and ureaplasma. Although the management is far more complex, we
do consider antimicrobial management targeting these pathogens for HS [17].

The presence of fever by itself may not necessarily be a sign of an infectious pro-
cess. Non-infectious complications such as organ rejection and blood transfusion can also
cause fever. We are looking into refined diagnostics, such as imaging modalities, that
may help differentiate infection from rejection. However, a provider must be vigilant
to consider all possibilities within the clinical context and pursue a thorough infection
risk evaluation. Timely antimicrobial initiation and source control are important in these
immune-suppressed hosts. Pretransplant immunosuppression is a risk factor for early
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opportunistic infections during this period, even though it is less likely. Otherwise, oppor-
tunistic infections are less common during the first month post-transplant [18].

Pneumonia secondary to non-tuberculous mycobacterium (NTM) is associated with
high mortality in LTRs. The majority of transplant centers screen for NTM colonization
before transplant [19]. This practice should determine candidacy for a double/single
lung transplant. We recommend that rapid-growing mycobacterium (RGM) pretransplant
colonized patients undergo double lung transplantation. Post-transplant patients are not
routinely evaluated for NTM colonization; however, LTRs do develop post-transplant NTM
pneumonia. The majority of lung transplant centers require respiratory culture negativity
prior to transplant. On the other hand, routine post-transplant bronchoscopies help in the
detection of NTM, and timely management can result in improved outcomes [4,19–21].

5. 1–6 Months and after 6 Months Post LT

Six months post-transplant is a prime window for acquiring opportunistic pathogens [9].
Post-transplant antimicrobial prophylaxis has modified the risk and improved transplant
outcomes [3,9]. When initiating empiric antimicrobial therapy, pathogen and host fac-
tors must be considered, such as bacterial colonization or previous infections with MDR
pathogens, local epidemiology and antibiogram, the patient’s allergy profile, and drug
interactions. The common pathogens and located infections are summarized in Table 2.

6. Viral Infections in LTR

After bacterial infections, viruses are the second leading cause of infections in LTRs.
The necessity of an intact cellular immune system to limit morbidity associated with viral
respiratory illness is pivotal [22]. The impaired T-cell immunity in the LTR population
facilitates the acquisition of viruses and delays viral clearance, contributing to the disease
process and severity [22,23]. The risk of acquisition of viral pathogens peaks with im-
munosuppression and subsides with the maintenance of immune suppression. However,
LTRs are at high risk of community-acquired respiratory virus infections, which may even
predispose them to superimposed bacterial infections.

It is well known that Cytomegalovirus (CMV) attains latency and is kept at bay by our
surveilling immune system. On top of donor-derived CMV infection, CMV can reactivate
when the cellular immunity is impaired, usually one month into LT. This risk is maintained
through months post-transplant [24]. However, delayed CMV infection is a known risk in
high-risk patient populations [25]. The interplay of factors discussed above plays a similar
role in predisposing patients to viral infections. Screening for viruses pre-transplant allows
for preemptive measures to decrease the risk of reactivation or acquisition (Table 3). Herpes
viruses such as CMV and EBV can also be surrogate markers of immunity. Detection
of these markers in the serum suggests immunosuppression and predisposition to other
infections. Other viral etiologies to consider, although less commonly studied, include
hepatotropic viruses, West Nile virus (WNV), Human T-lymphotropic virus (HTLV)-1/2, rabies,
Zika virus, and lymphocytic choriomeningitis virus (LCMV).

Table 3. Screening for Viruses.

Screening for Viruses

Human immunodeficiency virus serology (ELISA) or fourth-generation ELISA
Hepatitis B (HBV) serologies including HBV surface antigen (or HepB NAT), core antibody, surface antibody, QNAT if +
Hepatitis C antibody, QNAT if +
Cytomegalovirus antibody
Epstein–Barr virus (EBV) antibody panel (EBV viral capsid antigen, +/− early antigen, and nuclear antigen antibody levels)
Measles, mumps, rubella serologies

7. Pre-LT Recipient and Pre-LT Donor Screening

Although there may be epidemiologic risk-related variations, most donors and re-
cipients undergo screening for these viruses: herpesviruses (Herpes simplex virus HSV-1
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and HSV-2, Epstein–Barr virus (EBV), CMV, Varicella Zoster virus (VZV)), hepatotropic viruses
(HAV, HBV, HCV), human immunodeficiency virus (HIV), measles, mumps, and rubella (MMR).
Transplantation is usually postponed in an acute viral infectious process (Table 3).

LTRs are predisposed to the seasonality of community-acquired viruses [26]. Due
to impaired defense mechanisms in LTRs, upper respiratory viral infection progresses
to lower respiratory infection and contributes to morbidity and mortality. Prevention of
community-acquired viruses through vaccination is highly recommended [27]. Influenza
seasonal vaccine is recommended to patients. If patients acquire the Influenza virus,
neuraminidase inhibitors are administered for more than 5 days due to prolonged viral
shedding in T-cell-depleted LTRs. The recently approved respiratory syncytial virus (RSV)
vaccine is also supported and administered now. There is no definitive treatment for RSV
infection in immunocompromised hosts [28]. Although inhaled ribavirin is utilized, there
are no universal protocols for initiation and duration of treatment [29]. Palivizumab has
been studied for the prevention of RSV, but the data come from pediatric patients, not
from the transplant population [30]. Further vaccines should be given based on national
and international guidelines. The International Society of Heart and Lung Transplantation
(ISHLT), in the wake of the SARS-CoV-2 (COVID-19) pandemic, guided us through the
management of LTRs [23,31]. If patients are exposed to COVID-19 but are asymptomatic
>7 days after exposure with two negative PCR tests performed 24 to 48 h apart, and if the
patients are at high risk without a transplant, we agree to transplant. In asymptomatic
patients with positive PCR tests, we suggest 14 days after diagnosis with two negative
PCR tests at least 24 to 48 h apart before proceeding with a transplant. In previously
symptomatic patients, following clinical resolution and at least 28 days from the onset of
symptoms, with two negative PCR tests performed 24 to 48 h apart (including a respiratory
sample of the lower airways), negative chest CT, and no other COVID-19-related organ
damage, we agree to transplant.

CMV serological tests are sensitive and specific guides in determining the seropositiv-
ity or seronegativity of the donor and recipient. CMV donor positivity is a high risk for
a CMV seronegative recipient regardless of the induction of immunosuppressive agents
(Table 4). There are data to guide preemptive monitoring in high-risk liver transplant
patients; due to logistic reasons, most centers prefer prophylaxis [32]. As of now, it is still
unclear if we can generalize this data to LTRs (Table 3).

Table 4. Post-LT Monitoring and Prevention.

CMV Serologic Status Risk for Reactivation Possible Regimen Suggested Duration of
Follow-Up

D+/R− High Risk >12 months of prophylaxis
with valganciclovir

Monthly for 6 months after
discontinuation of therapy

D+/R− High Risk >12 months of prophylaxis
with valganciclovir

Monthly for 6 months after
discontinuation of therapy

R+ Intermediate Risk 6–12 months
For symptoms (may monitor
monthly for 3–6 months after
therapy)

R+ Intermediate Risk 6–12 months
For symptoms (may monitor
monthly for 3–6 months after
therapy)

D−/R− Low Risk Targeting HSV/VZV with
Acyclovir Symptoms follow-up

There are refined treatment options for HBV, HCV, and HIV; incidental detection of
these pathogens may not delay transplantation but may result in a reassessment. Regarding
hepatitis B and C, the guidelines have been modified for new therapeutics. If the donor has
evidence of hepatitis B infection suggested by the presence of positive HBsAg or HBcAb IgM,
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then a risk vs. benefits discussion towards transplantation can be undertaken regardless
of the recipient’s immunity to hepatitis B [25]. The indication of hepatitis B treatment is
summarized in Table 5. Even in HCV screening, few variations in donors have arisen. If
HCV naïve patients receive a lung transplant from an HCV viremic patient, treatment is
suggested after the transplant [33].

Table 5. Indications for Hepatitis B Treatment in Lung Transplant Recipients.

Indications for Hepatitis B Treatment in Lung Transplant Recipient

HbsAg-positive recipient HBIG + oral antiviral therapy

Anti-HBc-positive/Anti-HBs-negative recipients Oral antiviral therapy

Anti-HBc-negative/Anti-HBs-positive recipient Oral antiviral therapy

8. Fungal Infections in LTRs

Among LTRs, 8.6% develop an invasive fungal infection within 1 year following
transplant (Table 6) [34]. Unlike in other transplants, Aspergillus is predominant after
lung transplant, whereas candidiasis is predominant in other transplants. Several factors
contribute to survival following lung transplantation. These include donor selection
techniques, surgical methods, and perioperative care. However, LTRs remain at risk
of invasive fungal infections (IFIs) post-transplant. The most frequently encountered
pathogens are outlined in Table 6.

Table 6. Common Fungal Pathogens in LTRs.

Most Common Fungal Pathogens in Lung Transplant Patients

Aspergillus
Invasive candidiasis
Cryptococcus
Pneumocystis jirovecii pneumonia
Scedosporium spp.
Fusarium

Underlying anatomic barriers, inadequacy due to operative intervention, and weak-
ened physiologic defense barriers in combination with environmental exposure augment
the risk of IFI [35–37]. Works in the literature have explored other risk factors such as
airway ischemia, weakened innate and humoral immune responses, foreign objects or
instrumentation such as bronchial stents, fungal colonization or past infection, as well as
infection with pathogens that are immunomodulatory, such as CMV disease. All predis-
pose the patient to IFI [35]. Mold-active agents would take precedence if the recipient is
colonized with Aspergillus sp.

9. Pre-LT

Screening for colonization must be selective and based on the host and epidemiologic
risk factors. When we screen, neither serum 1,3-b-D-glucan nor Galactomannan are rec-
ommended, as both are not validated for screening purposes. On the other hand, serial
sputum culture and bronchoalveolar lavage, when feasible, are traditional but still useful
tools to detect mold colonization before transplant.

10. Post-LT

There is a center-based variance in the utilization of fungal prophylaxis. Most lung
transplant centers in the U.S. follow a universal prophylaxis approach; some still apply
preemptive methods. Although a meta-analysis supports that antifungal prophylaxis is
functional against IFI, further refined studies are needed for a more comprehensive ap-
proach [36]. The documented time for prophylaxis is also variable, ranging anywhere from
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3 to 12 months post-LTR. Inhaled amphotericin B is a prophylaxis agent; however, there
is a lack of consensus on dosing and duration [34,38,39]. Triazoles such as voriconazole
and posaconazole are also utilized for prophylaxis, as favored by the side-effect profile.
Although Isavuconazole has been suggested to be non-inferior to voriconazole in the
treatment of IFI, prophylaxis with Isavuconazole has limited data, especially in LTRs [39].
Echinocandins can be utilized but have restrictive coverage and miss out on molds. Pro-
phylaxis against Pneumocystis jirovecci is taken care of by trimethoprim-sulfamethoxazole.
In cases of intolerance or allergies, alternative options are available, such as Atovaquone
and Pentamidine.

In a recent prospective multicenter study, the prevalence rate for IFI was 19.1 per
100 surgeries (95% CI 16.4–21.8%) within 6 months after lung transplant [34]. Patients who
had IFI episodes had a predisposition to recurrence. Risk factors for the development of
IFI in LTRs include ECMO, persistent ventilation beyond 48 h of transplant, the need for
hemodialysis, low functional status, and a high lung allocation score [35].

Taking risk factors into account, each center should determine proper prevention
methods, with either serial routine bronchoscopy or universal prophylaxis, or a combination
of the two.

11. Parasitic Infections in LTR

Parasitic infections in LTRs are less common than other infectious etiologies [40].
Although parasitic infections are more endemic in tropical climates, interest in travel has
increased the risk of parasitic infections in LTRs. Relatively common parasitic infections are
malaria, leishmaniasis, strongyloidiasis, toxoplasmosis, and schistosomiasis. The risk of infection
is further subclassified as new onset disease in travelers, as a donor-derived process or
a reactivation of infection, the latter two depending on the timeline from transplant. It
has been suggested that parasitic infections follow two predominant clinic presentations
after lung transplant. Infection can either involve one organ or be a disseminated systemic
process. Conducting a pre-transplant assessment and considering risk factors that may
predispose to parasitic infections is suggested.

Toxoplasmosis has a global distribution. Infection can occur during reactivation and
through transplanted organs and newly acquired diseases. In LTRs, toxoplasmosis is a
rare entity. Transmission is observed in seronegative recipients who received grafts from
seropositive donors. Disseminated disease and encephalitis are the most severe presen-
tations of toxoplasmosis. Effective prophylaxis against toxoplasmosis is carried out by
administering Trimethoprim-sulphamethoxazole [41]. Serology is obtained in patients with
risk factors for acquiring Strongyloides stercoralis. Prophylactic Ivermectin is suggested in a
divided dose if a patient is seropositive [42].

12. Future Directions in Lung Transplantation

Although we are far from our first lung transplant, we have miles to go. Work is
underway to refine diagnostics such as advanced imaging techniques to differentiate
infection from rejection [43]. There are advancements in molecular tests, such as next-
generation sequencing; however, the sensitivity of such tests can result in over-treatment
and compromise antimicrobial stewardship. Hence, integrated work in antimicrobial and
microbiologic testing stewardship is warranted for better outcomes [44] Other fields of
interest are host microbiome as well as biomarker discovery such as hyperammonemia to
refine management. Transplant immunology such as CMV-specific cell-mediated immunity
(CMV-CMI) is being investigated as a potential tool to help determine the host’s defense
against CMV and guide management in SOT recipients, other than lung transplant. CMV-
CMI is also being studied to determine the duration of primary prophylaxis and secondary
prophylaxis, and to guide the initiation of treatment against low-level CMV replication [45].
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13. Conclusions

This paper aimed to summarize infectious ailments in lung-transplanted patients. This
document may help define the infection risk in LT hosts. Although our understanding of
LTRs has increased recently, we require more refined studies to help guide the prevention,
prophylaxis, and treatment of infections in this specific patient population.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.
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