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	 Patient:	 Female, 55-year-old
	 Final Diagnosis:	 HHV-6 encephalitis
	 Symptoms:	 Impaired consciousness • nausea
	 Clinical Procedure:	 Bronchoscopy • lumbar puncture
	 Specialty:	 Hematology • Infectious Diseases • Neurology
	 Objective:	 Rare coexistence of disease or pathology
	 Background:	 Human herpesvirus 6 (HHV-6) encephalitis is best recognized after allogeneic hematopoietic stem cell trans-

plantation but can also occur in non-transplant immunocompromised patients. Hyponatremia and syndrome of 
inappropriate antidiuretic hormone secretion (SIADH) may precede or accompany HHV-6 encephalitis. Severe 
SIADH as an early dominant clue in non-transplant patients with smoldering adult T-cell leukemia/lymphoma 
(ATLL) is not fully described.

	 Case Report:	 A 55-year-old woman with smoldering ATLL received systemic corticosteroid therapy for clinically diagnosed 
human T-cell leukemia virus type 1 (HTLV-1)-associated uveitis and was admitted for progressive pulmonary 
infection. Bronchoscopic specimens revealed polymicrobial infection, including Nocardia and Actinomyces; in-
vasive pulmonary aspergillosis was also clinically suspected. Although pulmonary findings improved with an-
timicrobial and antifungal therapy, she developed nausea, acute impairment of consciousness, and severe 
SIADH-associated hyponatremia. Serum sodium decreased to 113 mmol/L, and consciousness did not ade-
quately improve after sodium correction. Cerebrospinal fluid obtained by lumbar puncture on hospital day 13 
showed HHV-6 DNA positivity (1.0 × 103 copies/mL). Brain magnetic resonance imaging demonstrated bilateral 
cortical and limbic abnormalities, supporting a clinical diagnosis of HHV-6 encephalitis. Ganciclovir was initiat-
ed on hospital day 15 along with sodium correction, tolvaptan, and supportive care. The patient subsequent-
ly developed hypercapnic respiratory failure and CO2 narcosis requiring mechanical ventilation. Her neurolog-
ic and respiratory status gradually improved, and she was discharged on hospital day 53.

	 Conclusions:	 In non-transplant patients with ATLL, corticosteroid exposure, and opportunistic infection, severe SIADH accom-
panied by new neurologic symptoms can be an early clue to HHV-6 encephalitis. Early recognition and prompt 
initiation of antiviral therapy may help to improve neurologic outcomes.
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Introduction

Human herpesvirus 6 (HHV-6), particularly HHV-6B, is an im-
portant cause of acute limbic encephalitis in immunocompro-
mised patients. It is best recognized after allogeneic hemato-
poietic stem cell transplantation (HSCT) [1-5]. However, HHV-6 
encephalitis has also been reported in a non-transplant pa-
tient with adult T-cell leukemia/lymphoma before chemother-
apy [6]. Adult T-cell leukemia/lymphoma (ATLL) is associated 
with impaired cellular immunity; corticosteroid exposure can 
further increase the risk of opportunistic infections and vi-
ral reactivation.

This report illustrates that severe syndrome of inappropriate 
antidiuretic hormone secretion (SIADH) may be an early and 
clinically actionable clue to HHV-6 encephalitis in a non-trans-
plant patient with smoldering ATLL. Coexisting CO2 narcosis 
and opportunistic pneumonia were important concurrent fea-
tures that complicated the interpretation of encephalopathy.

Case Report

A 55-year-old woman was referred to the ophthalmology de-
partment 69 days before admission because of visual impair-
ment. Blood testing revealed human T-cell leukemia virus type 
1 (HTLV-1) positivity. Evaluation by the hematology and infec-
tious diseases departments led to a diagnosis of smoldering 
ATLL. Because the patient’s visual impairment was clinical-
ly diagnosed as HTLV-1-associated uveitis, systemic prednis-
olone was initiated at 50 mg/day 57 days before admission 
and subsequently tapered.

On admission, she was alert and afebrile at the initial as-
sessment, although a nocturnal fever of up to 38 °C was ob-
served. Her temperature was 36.8 °C, blood pressure was 
116/80 mm Hg, pulse rate was 90 beats/min, respiratory 
rate was 18 breaths/min, and oxygen saturation was 96% on 
room air. Coarse crackles were noted in the right lower lung 
field. Laboratory findings on admission are summarized in 
Table 1. Chest imaging showed progressive pulmonary infil-
trates (Figure 1).

Test (units) Value Reference range Test (units) Value Reference range

WBC (/μL) 11 000 3300-8600 Band neutrophils (%) 0.5 0-6

Segmented neutrophils (%) 91.0 40-70 Lymphocytes (%) 6.5 20-50

Monocytes (%) 2.0 2-10 Hemoglobin (g/dL) 11.5 11.6-14.8

Platelets (/μL) 400 000 158 000-348 000 Total protein (g/dL) 5.8 6.6-8.1

Albumin (g/dL) 2.5 4.1-5.1 A/G ratio 0.8 1.32-2.23

CRP (mg/dL) 33.76 < 0.14 BUN (mg/dL) 22 8-20

Creatinine (mg/dL) 0.53 0.46-0.79 eGFR (mL/min/1.73 m2) 90.9  60

Uric acid (mg/dL) 2.7 2.6-5.5 Sodium (mmol/L) 137 138-145

Potassium (mmol/L) 4.0 3.6-4.8 Chloride (mmol/L) 100 101-108

Corrected calcium (mg/dL) 10.0 8.8-10.1 Phosphate (mg/dL) 3.6 2.7-4.6

Total bilirubin (mg/dL) 0.6 0.4-1.5 AST (U/L) 28 13-30

ALT (U/L) 39 7-23 LDH (U/L) 259 124-222

ALP (U/L) 88 38-113 Gamma-GTP (U/L) 49 9-32

Glucose (mg/dL) 147 73-109 HbA1c (%) 6.9 4.9-6.0

Beta-D-glucan (pg/mL) 58.6 < 20 Aspergillus antigen (index) 0.7 < 0.5

MAC antibody Negative Negative IgG (mg/dL) 424 861-1747

Table 1. Laboratory findings on admission.

Abbreviations: A/G ratio, albumin/globulin ratio; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; BUN, blood urea nitrogen; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; gamma-GTP, gamma-
glutamyl transpeptidase; HbA1c, hemoglobin A1c; IgG, immunoglobulin G; LDH, lactate dehydrogenase; MAC, Mycobacterium avium 
complex; WBC, white blood cell count.
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On hospital day 2, bronchoscopy was performed. No obvious 
endobronchial abnormalities were observed; biopsy, brush-
ing, and washing specimens were obtained from right B8a. 
After the specimens had been submitted for microbiologic 
and histopathologic testing, empirical treatment with imipe-
nem/cilastatin, isavuconazole, and sulfamethoxazole/trime-
thoprim was initiated.

The bronchoscopic specimens subsequently revealed mul-
tiple pathogens and inflammatory findings. Tissue culture 
grew alpha- and gamma-hemolytic streptococci, Nocardia, 
and Actinomyces. Histopathologic examination showed inflam-
matory granulation tissue with neutrophilic and lymphocytic 
infiltration, as well as clusters of foamy histiocytes. Grocott 

staining did not detect fungal elements, and Aspergillus was 
not recovered from bronchoscopic cultures. Nevertheless, in-
vasive pulmonary aspergillosis was clinically suspected based 
on the immunocompromised state associated with smoldering 
ATLL and systemic corticosteroid exposure, progressive bilat-
eral pulmonary infiltrates, an elevated serum beta-D-glucan 
level (58.6 pg/mL), and a serum Aspergillus antigen index of 
0.7 (laboratory reference value, < 0.5).

By hospital days 5-6, the fever had resolved, chest imaging 
showed improvement, and the C-reactive protein level was 
steadily decreasing (Figure 2). However, nausea and loss of 
appetite developed after initiation of isavuconazole. Given 
this temporal relationship, isavuconazole toxicity was initially 

Figure 1. �Chest imaging before admission and at admission. Chest radiography 59 days before admission showed no obvious 
pulmonary infiltrates (A), whereas chest radiography on hospital day 1 showed bilateral pulmonary opacities (B). Chest 
computed tomography 59 days before admission showed no corresponding lesions (C), whereas positron emission 
tomography-computed tomography 21 days before admission showed peripheral consolidation in the right lung and 
infiltrates in the left lower lobe (D).
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suspected, and isavuconazole was replaced with voriconazole; 
nevertheless, nausea and loss of appetite persisted.

On hospital day 11, the patient developed acutely impaired 
consciousness with rapidly progressive hyponatremia (serum 
sodium, 118 mmol/L). Head computed tomography showed no 
acute structural lesions. Symptomatic hyponatremia was initially 
regarded as the main cause of encephalopathy, and hypertonic 
saline was administered. Because azole-associated hyponatre-
mia was considered, voriconazole was temporarily discontin-
ued and replaced with micafungin. The persistence of nausea 
and loss of appetite despite sequential changes from isavuco-
nazole to voriconazole and then to micafungin made azole-re-
lated toxicity less likely. Laboratory testing during this episode 
showed a serum osmolality of 238 mOsm/kg H2O, urine osmo-
lality of 670 mOsm/kg H2O, urine sodium > 250 mmol/L, urine 
potassium of 35 mmol/L, creatinine of 0.41 mg/dL, glucose of 
123 mg/dL, thyroid-stimulating hormone of 0.925 mIU/L, free 
T4 of 1.64 ng/dL, adrenocorticotropic hormone of 8.9 pg/mL, 
cortisol of 6.7 μg/dL, and serum antidiuretic hormone level of 
4.3 pg/mL on hospital day 12. These findings supported SIADH 

in the setting of hypo-osmolar hyponatremia, with inappropri-
ately concentrated urine, high urinary sodium, and an ADH lev-
el that was not suppressed despite hypo-osmolality.

On hospital day 13, because the patient’s consciousness did 
not adequately improve after sodium correction, the neurolo-
gy team was consulted and lumbar puncture was performed 
(Table 2). The FilmArray meningitis/encephalitis panel showed 
HHV-6 positivity. Quantitative HHV-6 DNA in cerebrospinal fluid 
was 1.0 × 103 copies/mL (laboratory reference value, < 2.0 × 102 
copies/mL). Brain magnetic resonance imaging revealed bilater-
al cortical and limbic hyperintense lesions (Figure 3). Because 
SIADH-associated hyponatremia persisted despite hypertonic 
saline, tolvaptan was initiated at 7.5 mg/day on hospital day 
14. After initial sodium correction, serum sodium again de-
creased to 118 mmol/L on hospital day 14 and reached a na-
dir of 113 mmol/L on hospital day 15. Anti-HHV-6 therapy with 
ganciclovir was initiated on hospital day 15 following the di-
agnosis of HHV-6 encephalitis. The patient subsequently de-
veloped severe respiratory acidosis and CO2 narcosis on hos-
pital day 15. Her consciousness deteriorated to Japan Coma 

Figure 2. �Clinical course. Timeline of corticosteroid therapy, antimicrobial and antifungal therapy, intravenous immunoglobulin, 
ganciclovir, tolvaptan, serum sodium, and C-reactive protein. The pulmonary infection improved clinically and biochemically 
after empirical treatment, but nausea and loss of appetite were followed by acute severe hyponatremia, impaired 
consciousness, human herpesvirus 6 (HHV-6) encephalitis, and intensive care management. AMPC, amoxicillin; 
CRP, C-reactive protein; GCV, ganciclovir; IPM/CS, imipenem/cilastatin; ISCZ, isavuconazole; IVIG, intravenous 
immunoglobulin; MCFG, micafungin; Na, sodium; PSL, prednisolone; ST, sulfamethoxazole/trimethoprim; VRCZ, voriconazole.
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Figure 3. �Brain magnetic resonance imaging scan at the onset 
of encephalopathy. T2-weighted fluid-attenuated 
inversion recovery (FLAIR) images showed bilateral 
cortical and limbic hyperintense lesions, including in 
the insular and temporal regions, providing clinical 
support for HHV-6 encephalitis.

Test (units) Value Reference range Test (units) Value Reference range

Serum sodium on hospital 
day 14 (mmol/L)

118 138-145
Nadir serum sodium on 
hospital day 15 (mmol/L)

113 138-145

Serum osmolality on 
hospital day 14 
(mOsm/kg H2O)

238 275-295
Urine osmolality on 
hospital day 14 
(mOsm/kg H2O)

670

Urine sodium on hospital 
day 14 (mmol/L)

> 250
Urine potassium on 
hospital day 14 (mmol/L)

35

Creatinine on hospital day 
14 (mg/dL)

0.41 0.46-0.79
Glucose on hospital day 14 
(mg/dL)

123 73-109

TSH on hospital day 12 
(mIU/L)

0.925 0.5-5.0
Free T4 on hospital day 12 
(ng/dL)

1.64 0.9-1.7

ACTH on hospital day 12 
(pg/mL)

8.9
Cortisol on hospital day 12 
(μg/dL)

6.7

ADH on hospital day 12 
(pg/mL)

4.3
Arterial pH on hospital 
day 15

7.229 7.35-7.45

PaCO2 on hospital day 15 
(mm Hg)

77.5 35-45
HCO3

– on hospital day 15 
(mmol/L)

31.2 22-26

CSF cells on hospital day 
13 (/μL)

1 0-5
CSF protein on hospital 
day 13 (mg/dL)

27 15-45

CSF glucose on hospital 
day 13 (mg/dL)

49
CSF HHV-6 PCR on hospital 
day 13

Positive Negative

CSF HHV-6 DNA on 
hospital day 13 
(copies/mL)

1.0 × 103 < 2.0 × 102

Table 2. Key findings at the onset of encephalopathy and SIADH.

Abbreviations: ACTH, adrenocorticotropic hormone; ADH, antidiuretic hormone; CSF, cerebrospinal fluid; HHV-6, human herpesvirus 6; 
PCR, polymerase chain reaction; TSH, thyroid-stimulating hormone.

Scale 300 (deepest level of unresponsiveness) before inten-
sive care unit sedation was initiated; she underwent me-
chanical ventilation from hospital day 15 to hospital day 17. 
Fentanyl and midazolam were administered for sedation on 
hospital day 15. Midazolam was discontinued on hospital day 
16, whereas fentanyl was continued until hospital day 17. She 
was then weaned from mechanical ventilation and extubated. 
Accordingly, neurologic assessment during mechanical venti-
lation, particularly on hospital days 15 and 16, was potential-
ly confounded by sedative exposure.

Her serum sodium increased from a nadir of 113 mmol/L to 
135 mmol/L by hospital day 18. Ganciclovir was continued un-
til hospital day 41 after repeat CSF HHV-6 testing performed 
on hospital day 29 yielded results below the assay cutoff. On 
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Figure 4. �Chest radiographic improvement after treatment. Chest radiography on hospital day 1 showed bilateral lower-lung 
opacities, including dense consolidation in the right lower lung field (A). By hospital day 52, these opacities had substantially 
decreased; only a residual band-like opacity was evident in the right lower lung field after antimicrobial and antifungal 
therapy (B).

A B

hospital day 52, serum sodium was 135 mmol/L and C-reactive 
protein was 0.10 mg/dL. The serum Aspergillus antigen index 
decreased from 0.7 on hospital day 1 to 0.3 on hospital day 
12 and remained negative thereafter. Serum beta-D-glucan 
increased from 58.6 pg/mL on hospital day 1 to 422 pg/mL 
on hospital day 12 and remained elevated at 67.1 pg/mL on 
hospital day 53.

Follow-up chest radiography on hospital day 52 showed sub-
stantial reduction of the bilateral lower-lung opacities observed 
on hospital day 1; only a residual band-like opacity persisted 
in the right lower lung field (Figure 4). The patient was dis-
charged on hospital day 53, and tolvaptan 7.5 mg/day was 
continued after discharge.

Discussion

The main diagnostic lesson from this case is that severe SIADH 
accompanied by new neurologic symptoms can be an early clue 
to HHV-6 encephalitis in a non-transplant patient with smol-
dering ATLL. A secondary lesson is that encephalopathy in this 
setting may be multifactorial; in our patient, hypercapnic re-
spiratory failure and CO2 narcosis occurred concurrently and 
thus required parallel assessment and treatment.

The novelty of this case is incremental but clinically relevant. 
Previous reports have described HHV-6 encephalitis in patients 

with ATLL and hyponatremia or SIADH in the setting of HHV-
6 encephalitis, particularly after HSCT [6,7-10]. The present 
case provides additional evidence that this association can 
also occur in a non-transplant patient with smoldering ATLL 
after corticosteroid exposure and opportunistic infection. Thus, 
although this case does not establish a new disease mecha-
nism, it extends a recognized diagnostic association to a less 
typical clinical context.

Our patient’s clinical background was biologically plausible 
for HHV-6 reactivation despite the absence of HSCT. ATLL is 
associated with impaired cellular immunity and opportunis-
tic infections, including in some patients with indolent sub-
types [11,12]. In our patient, smoldering ATLL, high-dose cor-
ticosteroid therapy, and polymicrobial pulmonary infection 
likely combined to create a permissive immunologic setting.

Severe hyponatremia was a central feature of the present case. 
Previous studies have linked sodium abnormalities to HHV-6 
encephalitis, particularly in HSCT recipients [7,8], and severe or 
persistent SIADH has mainly been described in transplant-re-
lated reports [9,10]. In our patient, SIADH preceded recognition 
of HHV-6 encephalitis and prompted evaluation for addition-
al neurologic causes when consciousness did not sufficiently 
improve after sodium correction.

Several alternative or contributing causes of SIADH and enceph-
alopathy required consideration. Pulmonary infection, nausea, 
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stress, respiratory failure, and azole antifungal therapy can all 
promote antidiuretic hormone secretion. Adrenocorticotropic 
hormone and serum cortisol were measured during the ep-
isode; however, because our patient was receiving systemic 
prednisolone, these single measurements could not definitive-
ly exclude adrenal insufficiency. Therefore, the present case 
supports HHV-6 encephalitis as a major and clinically action-
able contributor to a multifactorial syndrome but does not es-
tablish that HHV-6 independently caused all of the hyponatre-
mia or respiratory deterioration.

Treatment of HHV-6 encephalitis generally relies on foscarnet 
or ganciclovir. European Conference on Infections in Leukemia 
guidelines and Japanese recommendations suggest full-dose 
foscarnet or ganciclovir when tolerated, with treatment for at 
least 3 weeks and—when feasible—until viral DNA is cleared 
from the blood and cerebrospinal fluid [1,4]. In our patient, 
ganciclovir was selected on the basis of renal function, con-
cerns regarding bone marrow toxicity, and concurrent infec-
tions. Improvement after sodium correction, respiratory sup-
port, and antiviral therapy supports the appropriateness of a 
combined management strategy, although the independent 
effect of each intervention cannot be determined.

The pulmonary infection itself illustrated the complexity of 
diagnosing pneumonia in an immunocompromised patient. 
Nocardia is an opportunistic pathogen associated with corti-
costeroid exposure, hematologic malignancy, chronic lung dis-
ease, and dissemination to the central nervous system [13,14]. 
Actinomyces can also cause chronic pulmonary infection and 
may coexist with other organisms [15,16]. In the present case, 
the pulmonary infection and its treatment provided impor-
tant clinical context for the patient’s immune vulnerability, as 
well as non-HHV-6 contributors to SIADH and encephalopathy.

A limitation of the pulmonary diagnosis is that invasive pul-
monary aspergillosis was clinically suspected rather than mi-
crobiologically proven. Although Aspergillus was not recov-
ered from bronchoscopic cultures, culture yield is low, and a 
negative culture does not exclude invasive aspergillosis [17]. 
Clinical suspicion in our patient was supported by smoldering 
ATLL, systemic corticosteroid exposure, progressive bilateral 

pulmonary infiltrates, an elevated serum beta-D-glucan level 
(58.6 pg/mL), and a modestly elevated serum Aspergillus an-
tigen index of 0.7 (laboratory reference value, < 0.5). However, 
beta-D-glucan is not specific to Aspergillus and can be ele-
vated in other infections, including disseminated nocardio-
sis [18]. Furthermore, the serum Aspergillus antigen result 
was supportive but not definitive, and improvement occurred 
during concurrent antibacterial and antifungal therapy; there-
fore, the response could not be specifically attributed to anti-
fungal treatment. Accordingly, the pulmonary findings should 
be interpreted as a complex background of opportunistic in-
fection, rather than as microbiologically proven invasive pul-
monary aspergillosis.

Conclusions

In a non-transplant patient with smoldering ATLL, corticoste-
roid exposure, and opportunistic pulmonary infection, severe 
SIADH accompanied by new neurologic symptoms was an 
early clue to HHV-6 encephalitis. In selected immunocompro-
mised patients with compatible neurologic features and clin-
ical context, HHV-6 testing, brain magnetic resonance imag-
ing, exclusion of alternative central nervous system infections, 
and consideration of anti-HHV-6 therapy may be appropriate. 
Early recognition and prompt initiation of antiviral therapy may 
help to improve neurologic outcomes in HHV-6 encephalitis.
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