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Intracerebral opportunistic
infections caused by
immunosuppressants after
orthotopic liver transplantation:
Report of two cases and
literature review

Yafei Guo, Zebin Zhu, Wei Cai, Shengwei Tao and Dalong Yin*

Department of Hepatobiliary Surgery and Organ Transplantation Center, the First Affiliated Hospital
of University of Science and Technology of China, He Fei, Anhui, China
Central nervous system (CNS) infections in adults are rare because of normal

immunity and the existence of the blood brain barrier, which prevents the

invasion of pathogenic microorganisms. Liver transplant recipients are at an

increased risk of opportunistic infections (OI) due to immunosuppressive

therapy compared to those with normal immunity. Early diagnosis and timely

implementation of treatment are critical for the successful treatment of these

infections. We present two cases of intracerebral OI after orthotopic liver

transplantation (OLT), with different clinical presentations. Patient 1 presented

with epileptic seizures, mainly manifested as unresponsiveness,

unconsciousness, and coma complicated with involuntary limb twitching.

Patient 2 presented with a consciousness disorder, mainly manifested as

unclear consciousness content, poor orientation, calculation power, and

logical ability. Next-generation sequencing (NGS) examination of the

cerebrospinal fluid confirmed human herpesvirus 6 B (HHV-6B) infection in

patient 1 and intracranial Aspergillus infection in patient 2. Intracranial OI has

insidious onset and atypical clinical manifestations. NGS can allow for the

proper diagnosis and monitoring of the effects of treatment.
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Introduction

Liver transplantation is the gold standard treatment for end-

stage liver disease. With the development of immunosuppressive

agents , the incidence of rejection has significantly

reduced; however, the risk of opportunistic infections (OI) after

liver transplantation is gradually increasing, which mostly

occur within the intermediate period (1–6 months after

liver transplantation) owing to persistent intensive

immunosuppression (1). The most common pathogens causing

opportunistic central nervous system (CNS) infections are fungi

and viruses, whereas bacteria and protozoans are uncommon.

Owing to improvements in immunosuppressive therapy and

routine surveillance, the prevalence of these infections has

decreased from 7% to 1–2% (2, 3). Herpes viruses (herpes

simplex virus HSV1/2, human herpesvirus HHV-6, and HHV-

8), Epstein-Barr virus (EBV), cytomegalovirus (CMV),

Cryptococcus, and Aspergillus are the most common pathogens

(4). Clinical manifestations include fever, headache, meningitis,

Kernig and Brudzinski signs, new-onset seizures, papilloedema,

altered sensorium, and/or focal neurological deficits (5). These

manifestations may be subtle or absent because of the use of

immunosuppressive agents. Virus and fungi OI continue to be a

significant cause of morbidity and mortality in patients with CNS

involvement, owing to the poor CNS penetration of antifungal and

antiviral medications. Herein, we report the successful diagnosis

and treatment of two cases of CNS OI that occurred within the first

month after orthotopic liver transplantation (OLT). The diagnosis

and treatment of the two cases are summarized in Table 1.
Case reports

Patient 1 (P1) was a 56-year-old man who underwent OLT for

HBV-associated liver cirrhosis and hepatocellular carcinoma. The

initial recovery from transplantation was excellent, without early

operation-related complications. Methylprednisolone 1.0 g and

basiliximab (20 mg) were administered during the anhepatic

phase, and basiliximab (20 mg) was administered again on

postoperative day 4 (POD 4). Baseline immunosuppression after

OLT included tacrolimus (Tac, 3 mg bid, C0 3-8 ng/ml),

mycophenolate mofetil (MMF, 500 mg bid), and corticosteroids

(100 mg tapered to 5 mg on POD 8). Considering that the patient

had hepatocellular carcinoma, baseline immunosuppression was

adjusted to tacrolimus plus sirolimus, while MMF and

corticosteroids were discontinued on POD 14. On POD 18, the

patient suddenly appeared delirious, unconscious, and

unresponsive, accompanied by involuntary twitching of the limbs.

There were marked changes in vital signs: blood pressure was 170/

100mmHg,; heart rate, 150 beats per minute; oxygen saturation 90–

96%, temperature 36.6°C, and respiratory rate 22–25 breaths per

minute. Physical examination of the cranial nerves and neurological

examination of the upper and lower limbs revealed no
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abnormalities. Magnetic resonance imaging (MRI) and computed

tomography (CT) of the brain revealed slight ischemic changes,

without other obvious abnormalities (Figures 1A–D).

Electroencephalogram examination revealed seizures. Routine and

biochemical tests of CSF did not reveal any obvious abnormalities.

CSF cultures for bacteria, fungi, and other viruses and peripheral

blood examination for cytomegalovirus were negative. CSF

pathogen microbial NGS confirmed the presence of 30691

human herpesvirus 6 B (HHV-6B) DNA sequences. Real-time

fluorescent quantitative polymerase chain reaction (RT-qPCR)

detected 12000 copies/mL HHV-6B DNA in the CSF. Antiviral

therapy with ganciclovir (250 mg intravenously every 12 h) was

administered. The immunosuppressive regimen was changed to

corticosteroid maintenance alone at a dosage of 100 mg/day, and

tacrolimus and sirolimus were discontinued. After 4 days of

treatment, the seizure symptoms disappeared, and the confusion,

headache, and involuntary movements improved. Re-examination

of the brain MRI suggested intracranial infectious lesions

(Figures 1E, F). Re-examination of CSF revealed 29 HHV-6B

DNA sequences two weeks later, which was significantly less than

before (30691 HHV-6B DNA sequences). The CSF for HHV-6B

was negative, and the neurological symptoms returned to normal

after 4 weeks of treatment. Ganciclovir was reduced to 150 mg once

daily maintenance therapy, with gradual withdrawal of

corticosteroids and resumption of basic immunosuppression

(tacrolimus combined with sirolimus).

Patient 2 (P2) was a 44-year-old man who underwent OLT for

acute-on-chronic liver failure (ACLF). The patient had chronic

hepatitis B for several years and received irregular treatment.

During the transplant operation, the patient suffered severe post-

reperfusion syndrome (PRS) due to hyperkalemia, that is, cardiac

arrest after reperfusion. After cardiopulmonary resuscitation, the

heartbeat and circulation returned to normal levels. Nevertheless,

the initial recovery from transplantation was excellent, and there

were no early operation-related complications. Intraoperative

immune i n du c t i o n and po s t o p e r a t i v e b a s e l i n e

immunosuppression were the same as those in Patient 1. One

week after transplantation, the patient exhibited a consciousness

disorder, mainly manifested as unclear content of consciousness,

loss of orientation, calculation ability, and logical ability. The vital

signs were stable, except for a slight fever, with a maximum

temperature of 38.0°C. Brain magnetic resonance imaging (MRI)

revealed two abnormal signals in the left temporal lobe and right

frontal lobe, and the possibility of infection was considered

(Figure 2A). CSF routine, biochemistry, and culture also showed

no abnormalities, but NGS confirmed an invasive Aspergillus

infection in the CSF. Based on these guidelines, voriconazole was

selected as the antifungal therapy. Meanwhile, the dosage of

tacrolimus was adjusted to maintain the concentration below 8

ng/ml. After three weeks of antifungal treatment, the patient’s

neurological symptoms slightly improved, but re-examination of

brain MRI showed that the lesion was larger than before

(Figure 2B). A second NGS of the CSF showed Candida, but no
frontiersin.org

https://doi.org/10.3389/fimmu.2022.1003254
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Guo et al. 10.3389/fimmu.2022.1003254
Aspergillus. After multidisciplinary consultation and discussion, a

biopsy was performed to confirm the pathology; however, the

patient and his family refused to do so. Considering the

antifungal effect of sirolimus, immunosuppression was adjusted to

sirolimus monotherapy for maintenance therapy. Meanwhile,

fluconazole was added for antifungal therapy and the plasma

concentration was maintained between 4.5 mg/mL and 5.5 mg/

mL. After 2 weeks of combined treatment, re-examination of brain

MRI showed that the lesions did not increase significantly, and the

neurological symptoms were significantly improved. During the

following three weeks, antifungal therapy was maintained, and re-

examination of the brain MRI showed that the infected lesions were
Frontiers in Immunology 03
smaller than before (Figure 2C). Immunosuppression was gradually

restored by tacrolimus combined with sirolimus. After

comprehensive treatment, the patient recovered well and was

discharged three months after liver transplantation.
Discussion

The risk of opportunistic infections in the central nervous

system (CNS) opportunistic infections (OI), which often

presents as a diagnostic challenge, is related to the nature and

intensity of immunosuppression and the infectious exposures of
TABLE 1 Two cases of CNS opportunistic infections.

Liver
transplantation

Patient 1 (P1) Patient 2 (P2)

Recipient demographics

Age (years) 56 years old 44 years old

Gender Male Male

Blood type Blood type B Blood type AB

Primary disease HBV-associated liver cirrhosis HBV-associated ACLF

MELD score 20 29

Child-Pugh score 9 13

BMI-kg/m2 20.2 27.7

ICU stay
post-transplantation

3 days 14 days

Donor demographics

Age 29 years old 54 years old

Gender Male Male

Blood type Blood type B Blood type AB

Primary disease Craniocerebral trauma Cerebral hemorrhage

Donor type DBD DCD

ICU stay before
procurement

1 day 1 day

Donor liver steatosis Mild steatosis (10%) Normal

Virology and fungal
check

Negative Negative

Immunosuppressive
regimen

During transplantation Methylprednisolone +
Basiliximab

Methylprednisolone + Basiliximab

After transplantation Tacrolimus + Mycophenolate mofetil + Corticosteroid; Basiliximab
20mg on POD 4

Tacrolimus + Mycophenolate mofetil + Corticosteroid; Basiliximab
20mg on POD4

During opportunistic
infection

Corticosteroid 100mg/day alone Tacrolimus+Sirolimus

Intracerebral infection

Organism HHV-6B Aspergillus

Infection time On POD 18 On POD 7

Clinical presentation Encephalitis Brain abscess

Diagnosis NGS of CSF NGS of CSF

Treatment Ganciclovir Voriconazole + Fluconazole
ACLF, Acute-on-chronic liver failure (ACLF); BMI, Body mass index (BMI); CNS, Central nervous system (CNS); CSF, Cerebrospinal fluid (CSF); DBD, Donation after brain death (DBD);
DCD, Donation after circulatory death (DCD); HBV, Hepatitis B virus (HBV); HHV-6B, Human herpesvirus 6 B (HHV-6B); ICU, Intensive care unit (ICU); NGS, Next-generation
sequencing (NGS);POD, Postoperative day (POD); MELD, Model for end-stage liver disease (MELD).
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the organ recipient and donor (6). The pathogens associated

with these infections are often found to have low virulence in

immunocompetent hosts and include various bacteria, parasites,

fungi, or viruses (7). These infections can present as various

clinical syndromes, including meningitis, encephalitis, space-

occupying lesions, stroke-like presentations, or even neoplastic
Frontiers in Immunology 04
manifestations. CSF evaluation is required for definitive

diagnosis of CNS OI. Some common clinical organisms

responsible for CNS OI are listed in Table 2.

Human herpesvirus 6 (HHV-6) is a common collective

name for two distinct viruses, human herpesvirus 6A (HHV-

6A) and human herpesvirus 6B (HHV-6B) (8). HHV-6 belongs
B

C D

A

E F

FIGURE 1

Brain CT and MRI of patient 1 before medication (A–D). (A, B): The density of the inferior pole of both the temporal lobes was slightly decreased. (C):
DWI showed that white matter signals under the gray matter of the inferior temporal pole were limited on both sides. (D): ADC showed symmetrical
low signal changes.Brain MRI findings of patient 1 at the diagnosis of HHV-6B encephalitis (E, F). (E): DWI showed that bilateral inferior temporal
poles were diffusively limited and symmetrical, with upwards involvement of the bilateral basal ganglia and subgray matter region of the medial
lateral temporal lobe. (F): ADC presented high signal changes.
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to the beta-herpesvirus subfamily, which is widespread, with a

seroprevalence of > 90% in adults (9). In liver transplant

recipients, infections caused by this virus are almost always

HHV-6B (10). HHV-6B efficiently infects CD4+ T cells and acts

as a receptor for CD134 (OX40), a member of the TNF

superfamily that antagonizes regulatory T-cell (Treg) activity

(11, 12). Primary infection is usually associated with a benign
Frontiers in Immunology 05
skin rash in infants (exanthema subitum), but reactivation from

latency can lead to severe diseases such as hepatic, neurological,

and disseminated infections, especially in immunocompromised

patients (13). HHV-6B reactivation has been associated with

aberrant immune reconstitution and acute graft-versus-host

disease (aGVHD) after hematopoietic cell transplantation

(HCT) (14). HHV-6B reactivation after liver transplantation is
B1

C1

A1

B2

C2

A2

FIGURE 2

Brain MRI findings of patient 2 at the diagnosis of intracranial Aspergillus infection. (A): MRI showed two lesions with diameters of 1.56 cm and
0.64 cm on POD 7. (B): MRI showed five lesions with diameters of 2.20 cm, 0.79 cm, 0.73 cm, 0.37 cm, and 0.28 cm on POD 28. (C): MRI
showed two lesions with diameters of 1.81 cm and 0.69 cm on POD 65.
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mostly asymptomatic but can be associated with fever, hepatitis,

and encephalitis (15). A retrospective study showed a correlation

between HHV-6B infection and symptoms of encephalitis in

seven (35%) of 20 liver transplant recipients (16). The virus

mainly affects the limbic system of the brain, including the

hippocampus, causing limbic encephalitis. Clinical symptoms

can be characterized by headache, mental disorders, memory

loss, confusion, ataxia, convulsions, seizures, typically

characterized with or without seizures of confusion and

amnesia, and gradual progress to confusion and coma (7, 17,

18). Hyponatremia due to syndrome of inappropriate

antidiuretic hormone (SIADH) has been noted in HHV-6B

encephalitis (7). Typical MRI shows hyperintensities within

the uncus, amygdala, entorhinal area, and hippocampus on

T2, fluid-attenuated inversion recovery (FLAIR), and

diffusion-weighted imaging (DWI) sequences (19).

Electroencephalograms may reveal epileptiform or slow-wave

activity (20). CSF analysis revealed mildly elevated protein levels

and minimal leukocytosis approximately a week after symptom

onset (7). Detection of HHV-6B nucleic acid in CSF aids in the

diagnosis, and RT-qPCR is recommended for the detection of

HHV-DNA in CSF (21, 22). Previous studies have shown that

the sensitivity of NGS for detecting HHV-6 sequences is

equivalent to that of real-time PCR (23). Ganciclovir and

foscarnet remain the first-line agents for the treatment of

HHV-6B encephalitis. The recommended dose of ganciclovir

is 5 mg/kg twice daily and the recommended dose of foscarnet is

90 mg/kg twice daily (24).

Invasive Aspergillus is an important CNS OI pathogen

affecting liver transplant patient prognosis, and is the leading

cause of brain abscesses, with a prevalence is 0.5–0.8% (20).

Usually, the abscess is located in the frontoparietal lobe, basal

ganglia, cerebellum, and brainstem, with radiographic findings
Frontiers in Immunology 06
of single or multiple nonenhancing, low-density lesions (25).

Previous studies have revealed that invasive Aspergillus

infection, which usually spreads from the lungs, is usually

diagnosed at a median of 25 days after OLT (26). The clinical

manifestation of CNS Aspergillus infection usually presents with

fever, alterations in mental status, seizures, stroke, and focal

neurological deficits (27–29). Although sensitive antifungal

drugs can be selected, such as voriconazole or amphotericin B,

the mortality rate is high, at 65–100% (30). Unfortunately, fungal

cell wall biomarkers beta-D-glucan (BDG) and galactomannan

are currently not recommended for screening and diagnosis of

invasive Aspergillus infection in OLT recipients because of their

limited accuracy (26, 31). In particular, for CNS infections,

sensitivity and specificity are low. Hong et al. suggested that

NGS could be used to definitively diagnose fungal infections in

the lung, bone, brain, and vascular tissues (32). Shishido

reported a case of invasive Aspergillus fumigatus brain abscess

definitively diagnosed using NGS after liver transplantation (33).

The recipient’s serum galactomannan level was negative, and

CSF PCR was negative for Aspergillus. According to several

studies, voriconazole remains the recommended antifungal

agent for the treatment of invasive Aspergillus, with a 50%-

100% effective rate and good nervous system penetration (34–

38). A meta-analysis suggested that serum concentrations

between 1.0 and 6.0 mg/L during voriconazole treatment may

be warranted to optimize clinical success and minimize toxicity

(39). For CNS aspergillosis, the recommended trough serum

concentration for treatment is at least 2 mg/L or >3 mg/L (34).

Aspergillus and Candida are the most common causes of

Invasive fungal disease in liver transplantation (40). According to

the guidelines from American Society of Transplantation

Infectious Diseases Community of Practice, the following

recommendations are made for diagnosis and medication as for
TABLE 2 List of common CNS opportunistic infections.

Type Organism Clinical Presentation Treatment

Bacterial Listeria monocytogenes
Nocardia asteroides
Mycobacterium tuberculosis

Rhomboencephalitis, meningitis
Meningitis, cerebritis, mass lesion
Basilar meningitis, tuberculoma

Ampicillin, gentamicin
Trimethoprim-sulfamethaxole
Rifampin+isoniazid+pyrazinamide+ethambutol+pyridoxine

Fungi Cryptococcus
Aspergillus
Candida
Blastomyces
Histoplasma
Coccidiomycosis
Mucormycosis

Meningitis, mass lesion
Brain abscess, hemorrhage
Meningitis, abscess
Brain abscess
Meningitis
Basilar meningitis
Rhinocerebral infection

Amphotericin
Voriconazole
Amphotericin
Amphotericin + itraconazole
Amphotericin
Amphotericin
Amphotericin

Viruses CMV
EBV
HSV-1/HSV-2
HHV-6
JC virus (JCV)
Varicella zoster virus (VZV)

Encephalitis
Encephalitis
Encephalitis
Limbic encephalitis
PML
Shingles, GuillainBarre syndrome

Ganciclovir, foscarnet, CMV Immunoglobulin
Acyclovir, ganciclovir
Acyclovir
Ganciclovir, foscarnet
No medical therapy
Acyclovir, VZV immunoglobulin

Parasites Toxoplasmosis Space-occupying lesion Pyrimethamine+sulfadiazine+folinic acid
CMV, cytomegalovirus (CMV); EBV, Epstein‒Barr virus (EBV); HSV, herpes simplex virus (HSV); HHV-6, human herpesvirus 6 (HHV-6); PML, Progressive multi-focal
leukoencephalopathy (PML), CNS, Central nervous system (CNS)
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common invasive Aspergillosis and Candida infections after

orthotopic liver transplantation (34, 41): (1) Bronchoalveolar

lavage (BAL) galactomannan (GM) and PCR can be used in

combination with other fungal diagnostic modalities (e.g. chest

CT-scan, culture) for the diagnosis of invasive Aspergillosis, while

identification of Candida from a sterile body site by culture or

visualization of the organism in tissue histopathology is the gold

standard for diagnosis; (2) Voriconazole is the drug of choice to

treat all forms of invasive Aspergillosis, while echinocandin and

fluconazole are recommended for treatment of invasive Candida;

(3) Dose of calcineurin inhibitor (CNI) and mammalian target of

rapamycin (mTOR) inhibitor should be adjusted, and CNI/

mTOR inhibitor levels must be monitored closely during the

antifungal medication. Meanwhile, therapeutic drug monitoring

(TDM) for voriconazole and posaconazole is recommended; (4)

Targeted prophylaxis antifungal therapy is recommended for

recipients with high risk factors such as re-transplantation, re-

operation, renal failure requiring hemodialysis, according to the

guidelines; (5) Anidulafungin, micafungin, caspofungin or

voriconazole is recommended for the use of targeted

prophylaxis against invasive Aspergillosis, and the targeted

prophylaxis should be maintained for 14-21 days. As for

invasive Candida, fluconazole or echinocandins is recommended

as the preferred medication for targeted prophylaxis, which

should be maintained for 14-28 days.

P1 was an adult male who underwent liver transplantation,

whose primary disease was hepatitis B cirrhosis and hepatic cell

carcinoma (HCC). It is uncommon in HHV-6 infection. HHV-6

infection is common in pediatric organ transplantation, especially

in recipients younger than 3 years of age, and 35% of infected

patients typically develop clinical symptoms within 2 weeks of

transplantation (42). The blood concentration of tacrolimus at P1

was high before the onset of headache, with the highest

concentration of 21.6 ng/mL, which appeared on POD 3.

Several studies have shown that tacrolimus can induce

neurotoxic symptoms ranging from mild nonspecific symptoms,

such as restlessness, anxiety, tremor, headache, insomnia, severe

seizures, cognitive impairment, and coma, even within the

treatment range (43–45). Therefore, it needs to be distinguished

from OI caused by strong immunosuppression. P2 underwent

multiple plasma transfusions and artificial liver therapy before

liver transplantation for ACLF. The Child–-Pugh score was 13

and the end-stage liver disease (MELD) score was 29. Previous

studies have shown that MELD scores > 25, post-transplant acute

kidney injury, and pre-transplant fungal colonization seem to be

associated with a high risk of invasive fungal infection after liver

transplantation (46, 47). Patients with decompensated cirrhosis

and acute-on-chronic liver failure (ACLF), who suffer from a

profound state of immune dysfunction and receive intensive care

management, are susceptible to invasive fungal infection after liver

transplantation (48). The duration of surgery, hours of mechanical

ventilation, and preoperative dialysis days were significant factors

in the development of postoperative invasive aspergillosis (49).
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P2’s duration of surgery was prolonged because of severe PRS

during reperfusion, which induced longer mechanical ventilation

and intensive care unit (ICU) duration than normal. Therefore,

this situation undoubtedly increases the chances of opportunistic

invasive Aspergillus infections. In addition, the successful

treatment of the two patients was indispensable for the

regulation of immunosuppressive agents. Effective anti-infection

measures should be guaranteed, while normal graft function

without rejection should be ensured. Sirolimus has been shown

to have antifungal activity against several fungal pathogens, such

as Candida albicans, Aspergillus, and Cryptococcus neoformans

(50–52). Therefore, we believe that the antifungal effect of

sirolimus is indispensable for successful treatment of P2.

Our P2 report has several limitations. A second CSF NGS

examination revealed Candida spp. Owing to the low number

of sequences, we believe that it may be caused by

contamination of the specimen. A biopsy of the intracranial

infected lesion was planned; however, P2 refused. Therefore, it

is unknown whether there was a co-infection with Candida.

Even if a definitive diagnosis of Candida infection was not

available, the antifungal agent fluconazole was added at that

time. In addition, during the later follow-up period, NGS of

the CSF was not performed again, and only brain MRI

was performed.
Conclusions

In summary, our results suggest that NGS has obvious

advantages for identifying pathogens and can be used as a

standard test for liver transplant recipients who are suspected to

suffer from OI in the CNS. In addition, anti-infection measures

should not be emphasized blindly, and immunosuppressive agents

should be adjusted throughout the whole treatment process.
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