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Abstract
The spectrum of adenovirus infection can vary from self-limiting mild respiratory illness or gastroenteritis
to fatal disseminated disease in immunocompetent hosts. Severe disseminated disease is commonly seen in
immunocompromised hosts, including severe pneumonia with acute respiratory distress syndrome,
hepatitis, encephalitis, hemorrhagic cystitis, and shock. Meningoencephalitis is a rare manifestation in
immunocompetent adults. Early detection of adenovirus infection is necessary as early initiation of
appropriate antiviral therapy may prevent life-threatening complications. In this report, we describe a fatal
case of adenovirus encephalitis in an adult with end-stage renal disease (ESRD) who presented with a first-
onset seizure. The seizure was preceded by a prodromal respiratory illness and septicemic shock, and the
diagnosis was confirmed by cerebrospinal fluid (CSF) polymerase chain reaction (PCR) positivity for
adenovirus and characteristic electroencephalography (EEG) findings.
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Introduction
Adenovirus is a common cause of self-limiting respiratory, gastrointestinal, and conjunctival infections in
immunocompetent hosts. However, in immunocompromised hosts, particularly bone marrow or solid organ
transplant recipients and those with advanced HIV, it can lead to fulminant disease. This severe form of
adenovirus infection usually presents as severe pneumonia with respiratory failure, encephalitis, or septic
shock, which carries a high mortality rate. Adenovirus serotypes 2, 3, 5, 6, 7, and 12 are the typical causative
pathogens of severe meningoencephalitis [1]. 

We report a case of life-threatening adenovirus encephalitis in a patient with end-stage renal disease
(ESRD) who presented with a seizure. The diagnosis was confirmed by detecting adenovirus DNA in the
cerebrospinal fluid (CSF) and identifying typical electroencephalography (EEG) findings. This case highlights
the importance of considering adenovirus as a cause of encephalitis in immunocompromised patients and
underscores the challenges of using cidofovir in those who are dialysis-dependent.

Case Presentation
A 66-year-old man with a history of hypertension and ESRD on renal replacement therapy via hemodialysis
was initially admitted to a district hospital prior to transfer to our care. He was found unconscious in his
bathroom at home and subsequently had a tonic-clonic seizure before arriving at the hospital. The patient
had a fever and a productive cough for three days prior to admission. On arrival at the emergency
department, he was intubated due to a low Glasgow Coma Scale (GCS) score of E1V2M3 [2]. Neurological
examination revealed normal tone with downgoing plantar reflexes. Examinations of other systems were
unremarkable.

The patient was admitted to the intensive care unit (ICU), where he required a ventilator and inotropic
support. He had persistent temperature spikes and occasional myoclonic jerks. An initial contrast-enhanced
computed tomography (CT) scan of the brain (Figure 1) revealed multifocal old infarcts with a small right
parieto-temporal scalp hematoma (post-traumatic, following a fall). A chest X-ray (Figure 2) revealed right
lower zone consolidation indicative of pneumonia. A full blood count revealed leukocytosis with a left shift

and white cell count of 17.4 x 109/L, predominantly due to neutrophilia. C-reactive protein (CRP) level was
also elevated at 1.4 mg/dL. Other laboratory investigations demonstrated normal liver function tests,
electrolytes, and coagulation profile.
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FIGURE 1: Contrast-enhanced computed tomography scan of the brain
showing multifocal old infarcts with right parieto-temporal scalp
hematoma (blue arrow).
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FIGURE 2: Chest X-ray showing right lower zone consolidation (orange
arrow).

A lumbar puncture revealed a high opening pressure of 25 cmH 2O. CSF analysis showed elevated protein

(871 mg/L), normal glucose ratio, and elevated white cell count of 10 cells/mm3, predominantly
lymphocytes. CSF cryptococcal antigen and India ink staining were negative, and culture showed no growth.
No other bacterial or fungal pathogens were identified from CSF specimens, and tuberculous polymerase
chain reaction (PCR) was negative (Table 1).
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Parameter Value Reference range

Blood

Hemoglobin (g/dL) 11.4 11.0-16.0

Total WBC count (x 109/L) 17.4 4-10

C-reactive protein (mg/dL) 1.4 <0.5

Sodium (mmol/L) 142 136-145

Urea (mmol/L) 19 3.2-7.4

Creatinine (µmol/L) 840 64-110

ALT (U/L) 20 0-55

ALP (U/L) 88 40-150

CSF

Opening pressure (cmH20) 25 10-20

Cell count (cells/mm3) 10 (predominant lymphocytes) 0-5

Glucose (mmol/L) 6.1 2.2-4.0

Protein (mg/L) 871 150-400

CSF culture No growth -

Mycobacterium tuberculosis culture No growth -

Mycobacterium tuberculosis PCR Negative -

Adenovirus PCR Detected -

Herpes simplex virus 1 & 2 PCR Not detected -

Varicella zoster virus PCR Not detected -

Cytomegalovirus PCR Not detected -

Escherichia coli K1 PCR Not detected -

Haemophilus influenzae PCR Not detected -

Listeria monocytogenes PCR Not detected -

Nisseria meningitidis PCR Not detected -

Streptococcus pneumoniae PCR Not detected -

Cryptococcus neoformans/gattii PCR Not detected -

India ink stain Negative -

Cryptococcus antigen Negative -

TABLE 1: Blood and CSF investigations during hospital admission.
PCR: polymerase chain reaction; WBC: white blood cell; ALT: alanine transaminase; ALP: alkaline phosphatase; CSF: cerebrospinal fluid

He was initially treated for meningoencephalitis and started on intravenous ceftriaxone 2 g twice daily and
intravenous aciclovir 250 mg once daily. Intravenous phenytoin 100 mg thrice daily and sodium valproate
400 mg twice daily were initiated for seizure control. The antibiotics were escalated to intravenous
meropenem due to persistent temperature spikes and myoclonus seizures. The patient showed no clinical
improvement after three days of intravenous meropenem. PCR testing then confirmed adenovirus
encephalitis (4.5 log10 DNA copies/mL in the CSF). We therefore discontinued intravenous acyclovir and
started cidofovir at a renal-adjusted dose of 0.25 mg/kg/week. It should be noted that cidofovir is not widely
available in Malaysia. EEG revealed periodic lateralized epileptiform discharges, consistent with viral
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meningoencephalitis.

After one week of hospitalization, he developed liver impairment with a cholestatic hepatitis pattern:
bilirubin 159 µmol/L, alanine transaminase (ALT) 1520 U/L, and alkaline phosphatase (ALP) 458 U/L. The
liver impairment was likely multifactorial, caused by antiepileptic drugs (phenytoin and valproate) and
hypotension-induced ischemic hepatitis. Blood, fungal, and tracheal cultures remained sterile. His condition
continued to deteriorate despite treatment, and he subsequently succumbed to his illness five days
following the initiation of cidofovir.

Discussion
This case report highlights the important need to consider adenovirus meningoencephalitis and illustrates
its potentially fatal course in dialysis-dependent patients. It also discusses therapeutic options, including
the use of cidofovir in this population.

Our patient was a non-transplant recipient with ESRD who was on hemodialysis. The prodrome of flu-like
symptoms with high-grade fever prior to his seizure provided a clue to a viral etiology. The diagnosis of
adenovirus meningoencephalitis was confirmed by the isolation of adenovirus DNA in the CSF via PCR, and
the EEG showed periodic lateralized epileptiform discharges. The initial diagnosis was challenging, as the
presentation mimicked a severe bacterial infection or sepsis.

Adenovirus is a common cause of self-limiting mild upper respiratory tract illness, gastroenteritis, and
conjunctivitis in young children and immunocompetent adults. Meningoencephalitis is a rare but fatal
manifestation of severe adenovirus infection, with a mortality rate of up to 39% [1]. Severe disseminated
infection is often seen in immunocompromised individuals, especially bone marrow or organ transplant
recipients and those with AIDS [3-5]. Adenovirus is a rare pathogen in ESRD patients; it is more common in
kidney transplant recipients than in those on dialysis [6]. It commonly manifests as hemorrhagic cystitis or
acute nephritis [7].

Viral culture is the gold standard for diagnosing adenovirus infection; however, growth may take up to two
weeks [8]. CSF PCR for adenovirus DNA is commonly used as it provides a rapid and accurate diagnosis, with
a reported 95% sensitivity and 99% specificity [8]. CT or magnetic resonance imaging (MRI) of the brain may
be non-specific [9]. EEG is helpful in diagnosing acute encephalitis. In this case, the CSF showed
lymphocytosis and elevated protein with a normal glucose concentration, suggestive of viral meningitis. The
diagnosis was supported by the detection of adenovirus DNA via PCR in the CSF and EEG findings of periodic
lateralized epileptiform discharges.

Currently, there are limited antiviral agents for treating adenovirus infections, with limited data in non-
transplant populations. Several agents with in vitro activity against adenovirus, including ganciclovir,
ribavirin, cidofovir, and immunoglobulin, have been used with some success [6,7,10,11]. Cidofovir is a broad-
spectrum cytosine nucleotide analogue that is effective in vitro against adenovirus. It has been successful in
managing adenovirus infection in a stem cell transplant recipient for whom ribavirin had failed [12]. A
retrospective study demonstrated favorable outcomes with cidofovir and immunoglobulin in solid organ
transplant recipients [13]. Case reports also describe successful treatment of severe adenovirus infection
with cidofovir and intravenous immunoglobulin in dialysis-dependent and kidney transplant patients [6,7].
However, cidofovir is associated with nephrotoxicity. There is limited data on cidofovir dosage
recommendations for patients undergoing continuous renal replacement therapy [14,15]. However, one
study reported that high-flux hemodialysis can result in the renal elimination of up to 50% of the
administered dose [16]. Brincidofovir (a lipid conjugate of cidofovir) has been reported to be effective for
severe adenoviral disease in transplant recipients without causing nephrotoxicity [17,18]; however, it is
not available in our country.

Given the rarity of severe disease in ESRD patients, there is limited literature to guide treatment. We
administered a low dose of intravenous cidofovir (0.25 mg/kg/week) in this case because the patient had
advanced renal disease and was on renal replacement therapy, and because cidofovir has been associated
with better outcomes in disseminated adenovirus infection in previous case reports, despite the limited data
available for patients with renal disease. 

Conclusions
In summary, adenovirus infection is one of the important differential diagnoses of meningoencephalitis,
although it is uncommon in immunocompetent adults. Early diagnosis of adenovirus infection is essential,
as timely initiation of antiviral therapy may improve outcomes. More studies are required in the future to
evaluate the efficacy of cidofovir or brincidofovir therapy for treating adenovirus infections, particularly in
individuals with renal insufficiency.
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