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Management of infections in the liver transplant recipient
starts with identifying the risk factors for potential
opportunistic infections during the pretransplant evalua-
tion setting. This involves identifying latent infections,
assessing immunity, administering vaccinations, treat-
ment, and control of chronic iliness before transplant. This
review helps summarize the evidence-based and expert
recommendations for the screening, diagnosis, preven-
tion, and treatment of cytomegalovirus (CMV), Epstein
Barr virus (EBV), latent tuberculosis (TB), cryptococcus,
and HIV in the liver transplant recipient.

CYTOMEGALOVIRUS

CMV is a common opportunistic infection that heavily
contributes to the morbidity and mortality of liver transplant
recipients.!. CMV infection is defined simply by the
presence of CMV replication in tissue, blood, or other
bodily fluids regardless of the presence of symptoms.
CMV disease, however, is a CMV infection accompanied
by clinical signs and symptoms, and further categorized
into CMV syndrome manifesting as fever, malaise,
leukopenia, or neutropenia and elevated aminotransfer-
ases or end-organ CMV disease (gastrointestinal disease,
pneumonitis, hepatitis, myocarditis, and encephalitis).

Risk factors and preventative strategies

Knowledge of CMV IgG serology in the transplant
recipient and organ donor is paramount in categorizing

the risk of post-transplant CMV disease (Table 1) and
guiding prevention strategies.”! In addition, the degree
of induction and maintenance of immunosuppressive
medications also influences the risk of CMV disease
after transplant.l®!

Without antiviral prophylaxis or a preemptive preven-
tion strategy, CMV infection and disease typically occur
during the first 3 months after transplant. Valganciclovir
and IV ganciclovir are the preferred drugs for prophylaxis
and are started in general within the first 10 days after
transplant.’! While there are no randomized clinical trials
to assess the optimal duration of CMV prophylaxis in the
liver transplant recipient, the overall consensus is that the
duration of prophylaxis is dependent on the CMV donor
and recipient serology (Table 1).l Preemptive treatment
is an alternative CMV prevention strategy, which uses
weekly CMV monitoring for 12 weeks post-transplant.
Antiviral treatment is initiated for asymptomatic liver
transplant recipients with positive CMV PCR to prevent
disease.! There is no widely applicable viral load
threshold to guide preemptive therapy, and thresholds
may be specific to the risk group.

Treatment

IV ganciclovir and valganciclovir are the first-line agents
in the treatment of CMV disease (Figure 1).[1 As with
most post-transplant infections, cautious reduction in
immunosuppression should be considered if feasible.
Patients should receive weekly surveillance labs with
CMV PCR to assess response to treatment along with a

Abbreviations: CMV, cytomegalovirus; CNS, central nervous system; EBV, Epstein Barr virus; HAART, highly active antiretroviral therapy; LTBI, latent tuberculosis
infection; Ol, opportunistic infection; PTLD, post-transplant lymphoproliferative disorder; TB, tuberculosis.
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TABLE 1 Risk category based on donor/recipient CMV serology

High risk

Donor(+)/ recipient(-)

Duration of CMV PPX: 3-6 mo
Moderate risk

Donor(+)/ recipient(+)

Duration of CMV PPX: 3 mo
Donor(-)/ recipient(+)

Duration of CMV PPX: 3 mo
Low risk

Donor(-)/recipient(-)

Abbreviation: CMV, cytomegalovirus; PPX, prophylaxis.

complete blood count and renal function to monitor for
drug toxicity. Antiviral dosing should not be adjusted for
leukopenia. Patients with CMV disease should receive
the full therapeutic dose of antiviral therapy until the
virus is at an undetectable level or below a predefined
viral load. Although the efficacy is not proven, some
centers provide secondary prophylaxis with valgan-
ciclovir for 1-3 months after the disease given the risk of
recurrence.!’)

TUBERCULOSIS

TB is the second most common cause of death due to
infection in the world.B] After inhalation of aerosol

droplets of Mycobacterium tuberculosis, there are 4
possible outcomes: (1) immediate clearance, (2) pri-
mary disease, (3) latent tuberculosis infection (LTBI), or
(4) reactivation of disease years after primary infection.
The classic triad of fevers, night sweats, and weight loss
may occur less often in transplant recipients. Although
both primary and reactivation diseases occur most often
in the lungs, ~30% of post-transplant cases are
extrapulmonary and 16% are disseminated.l®! Primary
infection post-transplant can occur through donor-
derived transmission or among individuals from
endemic regions where there is a greater risk of
exposure post-transplant. However, in most cases,
active TB disease in the liver transplant recipient occurs
through the reactivation of latent TB.

Diagnosis

LTBI is diagnosed by a positive tuberculin skin test
or interferon gamma release assay, such as Quanti-
FERON-TB Gold or T-SPOT in the absence of active
clinical disease. Caution should be taken in inter-
preting results among individuals already on immuno-
suppression as it can lead to false negatives.['¥ As a
positive tuberculin skin test or interferon gamma
release assay cannot distinguish latent TB from active
TB, a positive test should be followed with pulmonary
imaging.

SEVERE CMV DISEASE?
HIGH VIRAL LOAD?
POOR Gl ABSORPTION?

IV GANCICLOVIR 5MG/KG Q12H

VALGANCICLOVIR 900MG BID
IV GANCICLOVIR 5MG/KG Q12H

DECREASED VIRAL LOAD?
IMPROVED CLINICAL RESPONSE?

@

TRANSITION TO VALGANCICLOVIR
900MG BID

UNDETECTABLE VIRAL LOAD

=

MAINTENANCE VALGANCICLOVIR
900MG DAILY X 12 WEEKS

FIGURE 1
cytomegalovirus.

Recommended treatment algorithm for CMV disease. Ganciclovir and valganciclovir need to be renally dosed. Abbreviation: CMV,
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Treatment

Successful treatment of active TB post-transplant,
although possible, is challenging due to potential drug
toxicities and major drug-drug interactions with immuno-
suppression. Accordingly, emphasis is made on the
treatment of LTBI in the pretransplant setting. First-line
regimens for LTBI include Isoniazid, Rifampin, and
combination therapy with Isoniazid and Rifapentine
(Table 2).'1 As the duration of pretransplant LTBI
treatment may cross over into the post-transplant
setting, the timing of the administration of therapy
requires balancing the risk and benefits on an
individualized basis. In general, LTBI is a safe pre-
transplant but in the cases of an unstable patient,
delaying treatment until post-transplant may be the
safest option. First-line therapy for active TB post-
transplant is nearly the same as that for the
immunocompetent host although rifabutin is usually
substituted for rifampin to minimize drug interactions
with calcineurin inhibitors. The standard 4-drug regimen
for active TB is isoniazid, rifampin, pyrazinamide, and
ethambutol for the first two months followed by isoniazid
and rifampin alone for an additional 4 months (Table 3).I'"

EPSTEIN BARR VIRUS

EBV, a widely ubiquitous herpesvirus, plays a major
role in the development of B-cell post-transplant
lymphoproliferative disorders (PTLD) occurring within
the first-year post-transplant. With a reported incidence
of 3.8%, PTLD is one of the most devastating
complications of liver transplant with 3 and 5-year
overall survival rates of 61% and 38% among adult
recipients.!?]

TABLE 2 First-line regimens for LTBI
Regimen Dosing
Isoniazid® 5 mg/kg (maximum, 300 mg) orally for
9 mo
Rifampin 10 mg/kg (maximum, 600 mg) orally for

4 mo

Isoniazid® and
Rifapentine

Isoniazid (orally once weekly for 3 mo;
direct observation is preferred):
15 mg/kg, rounded up to the nearest 50
or 100 mg; 900 mg maximum
Rifapentine (orally once weekly for 3 mo;
direct observation is preferred):
10-14 kg: 300 mg
14.1-25.0 kg: 450 mg
25.1-32.0 kg: 600 mg
32.1-49.9 kg: 750 mg
>50 kg: 900 mg maximum

2n conjunction with pyridoxine supplementation (25-50 mg daily) to prevent
peripheral neuropathy.
Abbreviation: LTBI, latent tuberculosis infection.

TABLE 3 First-line drugs for the treatment of active TB
Common adverse
Drug events Drug interactions
Isoniazid PO Hepatotoxicity Corticosteroids
Neurotoxicity Azole antifungals
Cytopenias
Rifampin PO Hepatotoxicity Calcineurin
Cytopenias inhibitors
Red-orange body mTOR inhibitors
fluids Mycophenolate
Interstitial nephritis Corticosteroids
Rash Azole antifungals
Atovaquone
Rifabutin PO Same as Rifampin Similar to Rifampin

but less severe
Clarithromycin

Uveitis
Rifapentine PO Same as Rifampin
Hypersensitivity
reactions

Similar to Rifampin

Pyrazinamide PO Hepatotoxicity
Cytopenias
Hyperuricemia

Interstitial nephritis

Cyclosporine

Ethambutol Hepatotoxicity —
Neurotoxicity

Cytopenias

Abbreviation: mTOR, mammalian target of rapamycin; PO, per os; TB,
tuberculosis.

Risk factors and preventative strategies

A predisposing risk factor for the development of PTLD
is the serological status of the recipient with the highest
risk among EBV mismatched transplant recipients
(donor seropositive/recipient seronegative).'3l The use
of chemoprophylaxis with acyclovir or ganciclovir or
immunoprophylaxis with intravenous immunoglobulin
among EBV mismatched recipients is controversial and
not universally recommended in liver transplant
recipients.[#l In addition, there is not enough data to
prescribe a universal protocol for immunosuppression
reduction, switching to an mammalian target of rapa-
mycin (MTOR) inhibitor or the addition of Rituximab in
the liver transplant recipient.[4]

Treatment

Given its complexity, PTLD management and treatment
should involve a multidisciplinary team that includes a
transplant hepatologist, oncologist, and infectious dis-
ease physician. A stepwise strategy starting with the
reduction of immunosuppression is the initial approach
in PTLD management. In general, antimetabolites
(Azathioprine and Mycophenolate) are discontinued,
whereas calcineurin inhibitors are reduced by 30%-—
50%. There is insufficient evidence regarding switching
to an mTOR inhibitor. Rituximab monotherapy is the
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TABLE 4 Treatment of cryptococcus

CNS disease disseminated disease severe pulmonary disease

Induction Liposomal Amphotericin B: 3—4 mg/kg/d

Asymptomatic or mild-moderate pulmonary
disease

Amphotericin B lipid complex: 5 mg/kg/d + Flucytosine 25 mg/kg PO

g6h
Duration: minimum 2 wk

Fluconazole: 400-800 mg/d
Duration: 8 wk

Consolidation

Maintenance Fluconazole: 200-400 mg/d

Duration: 6-12 mo

Fluconazole: 400 mg/d
Duration: 6-12 mo

Abbreviation: CNS, central nervous system.

next recommended treatment in individuals with pro-
gressive disease followed by cytotoxic chemotherapy.

CRYPTOCOCCOSIS

Cryptococcus, an environmental fungus found in soil,
trees, and bird droppings, is the third most common
invasive fungal infection in liver transplant recipients.[%]
Cryptococcus typically occurs within the first-year post-
transplant due to reactivation of latent infection although
primary infection post-transplant can occur.['®! While
cryptococcus has a predilection for the lungs and
central nervous system, liver transplant recipients are
at a sixfold higher risk of developing disseminated
disease involving the skin, soft tissue, or bone.l"®
Clinical manifestations of pulmonary infection can range
from asymptomatic infection or a simple pulmonary
nodule to severe pneumonia with respiratory failure.
Patients with central nervous system infection can
present with prolonged headaches, fevers, malaise,
altered mental status, or meningitis.

Risk factors and preventative strategies

While donor-derived infections can occur, prescreening
donors and recipients has not been shown to be
successful in prevention. As there is no specified high
risk-group identified, routine antifungal prophylaxis
against cryptococcosis is also not recommended.

Treatment

Diagnosis of cryptococcosis is made by isolation of
Cryptococcus neoformans or Cryptococcus gatti in
fungal culture from a clinical specimen, positive antigen
testing, or direct detection of the fungus by India ink
staining. In liver transplant recipients with suspected or
proven cryptococcosis, a thorough examination of
extrapulmonary sites of infection, including lumbar
puncture with opening and closing pressures, blood,

and urine culture along with other relevant tissue cultures
is recommended to guide the choice and duration of
antifungal agent (Table 4).I'8l Serial lumbar punctures
are essential to reduce increased intracranial pressure in
these patients.

HIV

Liver transplant is the standard of care among patients
with end-stage liver disease with well-controlled HIV
infection before transplant (Table 5).' With the approval
of the HIV Organ Policy Equity Act in 2013, HIV-infected
organs can be transplanted into HIV-infected recipients
under specific research criteria. Post-transplant outcomes
of HIV-infected recipients are consistent with those of
HIV-noninfected recipients.['®! Although there is no data
to determine the optimal time period of demonstrated
control of infection, it is plausible that longer periods of
control may potentially decrease the risk of rejection by
decreased immune activation of the virus.'d

Post-transplant management

Compared with the HIV-noninfected recipients, rejection
rates are nearly 2-3 fold among HIV-infected liver
transplant recipients.? However, the optimal mainte-
nance immunosuppression in this patient population is
not well defined. Given the potential drug interactions

TABLE 5 Suggested criteria for liver transplantation in HIV-
infected patients

CD4 count >100 cells/uL (without history of OlI)
CD4 count >200 cells/uL during 3 mo before OLT

Undetectable HIV viral load while on HAART

Detectable HIV viral load due to intolerance of HAART
(HIV can be suppressed after OLT)

Compliance with stable HAART
Absence of Ol

Abbreviations: HAART, highly active antiretroviral therapy; Ol, opportunistic
infection.
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with highly active antiretroviral therapy and immunosup-
pressants, careful consideration should be taken with the
choice of antiretroviral therapy post-transplant; protease
inhibitors are generally avoided. Integrase inhibitors
(raltegravir, bictegravir, and dolutegravir) are the favored
highly active antiretroviral therapy given the advantage of
having no drug interactions and minimal toxicity.

CONCLUSION

Liver transplant recipients are susceptible to a variety of
infections due to their immunocompromised state.
Providers need to have a high index of suspicion to
diagnose infections and initiate treatment early to
prevent morbidity and mortality from these diseases.
Identifying risk factors, serologic testing, and close
consultation with transplant infectious disease physi-
cians are essential in identifying and controlling latent
infections before transplantation.
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