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Abstract:
Human herpesvirus-6B (HHV-6B) reactivation and disease are increasingly reported after CAR-T-cell
therapy (CARTx). HHV-6 reactivation in the CAR-T-cell product was recently reported, raising
questions about product and patient management. Due to overlapping manifestations with immune
effector cell-associated neurotoxicity syndrome, diagnosing HHV-6B encephalitis is challenging. We
provide two lines of evidence assessing the incidence and outcomes of HHV-6B after CARTx. First, in
a prospective study with weekly HHV-6B testing for up to 12 weeks post-infusion, HHV-6B
reactivation occurred in eight of 89 participants; three had chromosomally integrated HHV-6 and
were excluded, resulting in a cumulative incidence of HHV-6B reactivation of 6% (95% confidence
interval (CI), 2.2-12.5%). HHV-6B detection was low level (median peak, 435 copies/mL; IQR, 164-
979) and did not require therapy. Second, we retrospectively analyzed HHV-6B detection in blood
and/or cerebrospinal fluid (CSF) within 12 weeks post-infusion in CARTx recipients. Of 626
patients, 24 had symptom-driven plasma testing with detection in one. Among 34 patients with CSF
HHV-6 testing, one patient had possible HHV-6 encephalitis for a cumulative incidence of 0.17% (95%
CI, 0.02-0.94%), although symptoms improved without treatment. Our data demonstrate that HHV-6B
reactivation and disease are infrequent after CARTx. Routine HHV-6 monitoring is not warranted. -
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DATA AVAILABILITY 25 

The datasets generated and analyzed for this study are available from the corresponding author 26 

after publication upon reasonable request, with investigator financial support, and with 27 

appropriate documentation of IRB approval and/or data access agreements as applicable. 28 

Key Points 29 

 HHV-6 reactivation in plasma occurred in 6% and possible HHV-6 encephalitis in 0.2% 30 

of patients within 12 weeks after CAR-T-cell therapy. 31 

 HHV-6 reactivation and disease are infrequent after CAR-T-cell therapy. Routine HHV-6 32 

monitoring is not warranted. 33 

 34 

Explanation of Novelty 35 

This is the first study to systematically evaluate HHV-6B reactivation and disease in CAR-T-cell 36 

therapy recipients, including both CD19- and BCMA-targeted CAR-T-cell therapies. Further, we 37 

used innovative sampling methods for home-based self-collection of blood to support robust 38 

monitoring for up to 12 weeks after CAR-T-cell infusion, establishing the feasibility of this 39 

emerging strategy for improved monitoring in cellular therapy recipients. 40 

  41 
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Abstract 42 

Human herpesvirus-6B (HHV-6B) reactivation and disease are increasingly reported after CAR-43 

T-cell therapy (CARTx). HHV-6 reactivation in the CAR-T-cell product was recently reported, 44 

raising questions about product and patient management. Due to overlapping manifestations 45 

with immune effector cell-associated neurotoxicity syndrome, diagnosing HHV-6B encephalitis 46 

is challenging. We provide two lines of evidence assessing the incidence and outcomes of HHV-47 

6B after CARTx. First, in a prospective study with weekly HHV-6B testing for up to 12 weeks 48 

post-infusion, HHV-6B reactivation occurred in eight of 89 participants; three had 49 

chromosomally integrated HHV-6 and were excluded, resulting in a cumulative incidence of 50 

HHV-6B reactivation of 6% (95% confidence interval (CI), 2.2–12.5%). HHV-6B detection was 51 

low level (median peak, 435 copies/mL; IQR, 164–979) and did not require therapy. Second, we 52 

retrospectively analyzed HHV-6B detection in blood and/or cerebrospinal fluid (CSF) within 12 53 

weeks post-infusion in CARTx recipients. Of 626 patients, 24 had symptom-driven plasma 54 

testing with detection in one. Among 34 patients with CSF HHV-6 testing, one patient had 55 

possible HHV-6 encephalitis for a cumulative incidence of 0.17% (95% CI, 0.02–0.94%), 56 

although symptoms improved without treatment. Our data demonstrate that HHV-6B 57 

reactivation and disease are infrequent after CARTx. Routine HHV-6 monitoring is not 58 

warranted.    59 
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Introduction 60 

Reactivation of latent viral infections causes substantial morbidity in immunocompromised 61 

patients.1 Human herpesvirus-6B (HHV-6B) is well-established as the most frequent infectious 62 

cause of encephalitis after allogeneic hematopoietic cell transplant (HCT), resulting in high 63 

mortality and frequent long-term sequelae.2 Additionally, HHV-6B detection in the blood after 64 

allogeneic HCT is associated with delirium and neurocognitive decline.3 The epidemiology and 65 

clinical significance of HHV-6B reactivation is not well elucidated after CAR-T-cell therapy 66 

(CARTx). Cases of HHV-6B encephalitis after CARTx have been reported but estimates of the 67 

incidence are unknown.4–9 Overlapping clinical manifestations between viral encephalitis and 68 

immune effector cell-associated neurotoxicity syndrome (ICANS)5 makes diagnosis challenging 69 

without systematic testing. Importantly, the frequent occurrence of ICANS in 40–77% of CARTx 70 

recipients10 raises suspicion for a link with HHV-6B reactivation and associated neurologic 71 

dysfunction in this population.3 72 

Recently, the potential role of cellular therapies as a source of viral infection in 73 

immunocompromised recipients was suggested.11 Using single-cell sequencing, Lareau et al 74 

identified a rare population of cells with high HHV-6B transcriptional activity in CD4+ T-cells 75 

from in vitro cultures of pre-infusion CAR-T-cells in addition to in vivo cultures from post-infusion 76 

patient blood. These data have important implications for manufacturing and screening of T-cell 77 

therapeutics, as well as monitoring of patients. Considering these results and given the potential 78 

impact of this ubiquitous lymphotropic and neurotropic virus on ICANS, there is renewed interest 79 

to explore the kinetics and clinical presentation of HHV-6B after CARTx. We herein provide two 80 

lines of compelling clinical evidence demonstrating infrequent detection of HHV-6 DNA in 81 

plasma and cerebrospinal fluid (CSF) after CARTx, with no temporal association with ICANS.  82 

 83 
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Methods 84 

First, we conducted a prospective study to assess the incidence, kinetics of and risk factors for 85 

HHV-6B reactivation in adults receiving CARTx for hematologic malignancies from August 2021 86 

through March 2023 at Fred Hutchinson Cancer Center (FHCC). We obtained plasma once pre-87 

lymphodepleting chemotherapy and weekly post-CARTx for up to 12 weeks. For samples after 88 

week four, participants had the option to use a novel device (Tasso, Inc; Seattle, WA) for home-89 

based blood self-collection and shipment to our center (Supplement). We tested for HHV-6 90 

using PCR;12 HHV-6 species and inherited chromosomally integrated HHV-6 (iciHHV-6) were 91 

determined by droplet digital PCR.13 Inherited ciHHV-6 occurs when HHV-6 integrates into the 92 

chromosome of a germ cell that is subsequently fertilized, resulting in a copy of the HHV-6 93 

genome in every nucleated cell. As a result, all cellular samples (or samples contaminated by 94 

cell lysis, e.g., plasma), will have detection of HHV-6 DNA that is not indicative of viral 95 

replication (Supplement).14 HHV-6 detection was defined as one or more results >50 96 

copies/mL, the lower limit of detection of the assay.12 Next, to estimate the incidence of HHV-6 97 

encephalitis after CARTx, we retrospectively analyzed clinical test results for HHV-6B in blood 98 

and/or CSF within 12 weeks post-CARTx in adults receiving CARTx for hematologic 99 

malignancies at FHCC from July 2013 to January 2023. The studies were approved by the 100 

FHCC Institutional Review Board, and all participants provided written informed consent.  101 

Cytokine release syndrome (CRS) and ICANS were graded according to the American Society 102 

for Transplantation and Cellular Therapy Consensus Guidelines15 (or CTCAE criteria v4.03 for 103 

CARTx prior to 201916). We calculated the cumulative incidence of HHV-6B reactivation and 104 

encephalitis within 12 weeks after CARTx treating death, subsequent CARTx or HCT as 105 

competing risks. We stratified cumulative incidence curves by pre-defined baseline variables 106 

and used Gray’s test to compare between groups. Analyses were performed using Stata/SE 107 

(version 17.0, Stata Corp LLC) and SAS version (9.4 TS1M3) (SAS Institute). 108 
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The studies were approved by the Fred Hutch Institutional Review Board, and all 109 

participants provided written informed consent. 110 

 111 

Results and Discussion 112 

HHV-6 reactivation is infrequent after CARTx 113 

In the prospective study, we enrolled 84 participants receiving 89 CAR-T-cell infusions (Table 114 

S1). HHV-6 viremia occurred in eight participants, three of whom (38%) had iciHHV-6 and were 115 

excluded from analyses, resulting in a cumulative incidence of HHV-6 (all species B) 116 

reactivation of 6% (95% confidence interval (CI), 2.2–12.5%) within 12 weeks after CARTx 117 

(Figure 1A-1B). All HHV-6B detection occurred 2–6 weeks post-infusion (median, 21 days). 118 

Four of five participants had a single positive result; the remaining participant had HHV-6B 119 

detection at weeks 2-4 but no subsequent testing. The median peak viral load was 435 120 

copies/mL (IQR, 164–979).  121 

The incidence of HHV-6B reactivation was similar after CD19/CD20 versus BCMA-targeted 122 

CARTx (Figure 1C). All participants with HHV-6B reactivation had preceding cytokine release 123 

syndrome (CRS), and three had preceding or concomitant ICANS (Figure 1D, Table S1). HHV-124 

6B reactivation occurred after ICANS onset in two participants, and the additional participant 125 

had a single positive test on the day of symptoms onset attributed to ICANS. Clinical courses 126 

are detailed in Figure 2 and the Supplement. No patients had evidence of HHV-6B 127 

encephalitis, and none received antiviral therapy active against HHV-6B. Among the three 128 

individuals with iciHHV-6, none were diagnosed with ICANS (Supplement). 129 

 130 

HHV-6 encephalitis is rare after CARTx  131 
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We retrospectively analyzed HHV-6B detection in blood and/or CSF testing within 12 weeks 132 

post-CARTx in 626 adult CARTx recipients (Table S2). Overall, 255 of 626 patients (41%) had 133 

ICANS of any grade. Twenty-four patients (3.8% overall), including 19 (7.5%) of 255 patients 134 

with ICANS, had plasma HHV-6B testing with detection in one. Altered mental status was the 135 

main indication for testing (50%; Table S3). Thirty-four patients (5.4% overall), including 30 136 

(11.8%) of 255 patients with ICANS, had CSF tested with PCR for HHV-6B and other viruses in 137 

the context of neurologic symptoms (Table S4). Cerebrospinal fluid testing practices evolved 138 

over time: testing was performed more frequently for neurologic symptoms before 2018; after 139 

2018 testing was limited to patients with ICANS grade ≥3 or atypical symptoms (Figure S1).  140 

Cerebrospinal fluid testing detected HHV-6B in one patient 32 days post-infusion with a viral 141 

load of 1,100 copies/mL. This was also the one patient with HHV-6B detection in the plasma, 142 

and they had two consecutive positive tests with a peak viral load of 1,900 copies/mL. The 143 

patient was diagnosed with ICANS grade 4; HHV-6B encephalitis was considered but not 144 

treated given the absence of typical features of HHV-6B encephalitis and improvement with 145 

corticosteroids. Based on these data, the estimated cumulative incidence of HHV-6B 146 

encephalitis was 0.17% (95% CI, 0.02–0.94%) including this possible case. Empiric treatment 147 

for HHV-6B in the absence of positive blood and/or CSF detection was not administered per 148 

standard practice at Fred Hutch. 149 

 150 

Our study provides two lines of compelling clinical evidence demonstrating infrequent detection 151 

of HHV-6B DNA in plasma and CSF after CARTx, with no evident temporal association with 152 

ICANS. HHV-6B viremia was infrequent, low level, and transient without clear sequelae after 153 

CARTx. Furthermore, 38% of participants with HHV-6B detection on systematic screening had 154 

iciHHV-6, indicating that routine testing would be almost as likely to incidentally identify latent 155 

iciHHV-6, potentially leading to unnecessary treatment.17 Published guidelines do not 156 
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recommend monitoring or preemptive therapy for HHV-6B after allogeneic HCT, even in the 157 

highest risk groups such as cord blood HCT recipients, in whom reactivation occurs in up to 158 

90% and HHV-6B encephalitis in up to 10%.14,18 Although antivirals with activity against HHV-6B 159 

are available, they have toxicities that warrant careful stewardship, and preemptive strategies 160 

do not appear to prevent encephalitis.19–23 Thus, routine testing of CAR-T-cell products and 161 

post-infusion monitoring for HHV-6B are not supported by clinical data.  162 

The study by Lareau et al provides first evidence of reactivation of latent viruses in CAR-T-cell 163 

products, although reactivation of HHV-6 and other viruses in cell cultures has been previously 164 

demonstrated.24 Taken alone, these data raise concern for viral transmission to vulnerable 165 

patients via CAR-T-cell products and have potentially important implications for product 166 

manufacturing, regulatory requirements, and monitoring of treated individuals. In the patient 167 

samples studied by Lareau et al, it is not possible to determine whether the source of HHV-6B 168 

was the CAR-T cells or endogenous cells,25 but our data suggest that the clinical significance is 169 

limited.  170 

To the authors’ knowledge, this is the first study to systematically evaluate HHV-6B reactivation 171 

and disease in CARTx recipients including both CD19- and BCMA-targeted CARTx. Innovative 172 

sampling methods for home-based self-collection of blood were used to support robust 173 

monitoring for up to 12 weeks after CARTx, establishing the feasibility of this emerging strategy 174 

in cellular therapy recipients. The retrospective assessment of HHV-6B detection in blood and 175 

CSF in a large cohort offers further insights into the infrequent detection of HHV-6 and related 176 

complications in clinical practice. Study limitations include the single-center design and the lack 177 

of CSF testing in  the large majority of patients with neurological symptoms precluding any 178 

estimate of the true incidence of HHV-6B encephalitis. Larger studies may reveal associations 179 

between HHV-6B reactivation and other outcomes after CARTx.14 No patients in our study 180 

received allogeneic CAR-T-cell therapy, which may confer increased risk due to more intensive 181 
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immunosuppression, highlighting the need to remain diligent in assessing infectious 182 

complications of novel therapies.  183 

 184 

Conclusion 185 

Our findings suggest that HHV-6B reactivation and disease are infrequent after CARTx. 186 

Although routine monitoring is not supported by our findings, HHV-6B testing should be 187 

performed in patients with refractory or atypical neurologic symptoms. 188 

  189 
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FIGURES 238 

Figures in the Visual Abstract created with BioRender.com 239 

 240 

Figure 1  241 

(title) Cumulative incidence and kinetics of HHV-6B detection within 12 weeks after CAR-T-cell 242 

infusion 243 

(legend) 244 

A. Heatmap of HHV-6B reactivation kinetics post-CAR-T-cell therapy. Three participants with 245 

inherited chromosomally integrated HHV-6 (iciHHV-6) had HHV-6 detection at every tested time 246 

point and were excluded from this plot. Each row represents a patient and each square a 247 

plasma sample. The intensity of color represents the viral load (negative samples are depicted 248 

as white). BCMA-CARTx recipients are depicted at the bottom and CD19/CD20 CARTx 249 

recipients at the top of the heat map. B. Cumulative incidence curve of HHV-6B reactivation 250 

within 12 weeks post-CAR-T-cell therapy: 6% (95% confidence interval (CI), 2.2%–12.5%). C. 251 

Cumulative incidence of HHV-6B reactivation stratified by CAR-T-cell target: BCMA, 6% (95% 252 

CI, 0.4–24.2%) versus CD19/20, 6% (95% CI, 1.9–13.5%). D. Cumulative incidence of HHV-6B 253 

reactivation stratified by prior CRS and/or ICANS, starting at week 2 after CAR-T-cell infusion as 254 

a landmark analysis: prior CRS and/or ICANS, 7.9% (95% CI, 2.9–16.3%) versus no prior CRS 255 

and/or ICANS, 0%.  256 

In all curves, death was treated as a competing risk. Gray’s test was used for statistical 257 

comparisons. 258 
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Figure 2  261 

(title) Clinical course of participants with HHV-6 reactivation after CAR-T-cell therapy 262 

(legend) Swimmer plot of clinical courses of participants with HHV-6 reactivation depicting clinical events (CRS, ICANS), 263 

management, HHV-6 detection in plasma, and outcomes. Each row depicts an individual participant.  264 

 265 
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