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Abstract

Background—Human herpesvirus 6 (HHV-6) is an opportunistic pathogen after hematopoietic
cell transplantation (HCT) that is associated with central nervous system (CNS) dysfunction.

Objectives—The aim of this study was to determine the frequency and significance of HHV-6
DNA detection in cerebrospinal fluid (CSF) after HCT.

Study design—We identified patients with HHV-6 DNA in CSF using quantitative PCR.
Patients with neurologic symptoms and HHV-6 DNA in CSF without identification of an
alternative etiology were categorized as having HHV-6 CNS dysfunction.

Results—Among 3,902 allogeneic HCT recipients from 1998-2012, 51 of 124 tested patients
had HHV-6 DNA in CSF; 37 met criteria for HHV-6 CNS dysfunction and 14 (27%) did not.
Patients with an alternative diagnosis had longer time to HHV-6 detection and lower viral load in
CSF. Six patients without HHV-6 CNS dysfunction were not treated and had no morbidity
attributable to HHV-6. Kaplan-Meier analysis demonstrated poor overall survival among all
patients. Variables associated with higher all-cause mortality in a multivariable Cox model
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included alternative diagnosis (adjusted hazard ratio [aHR], 8.4; 95% ClI, 1.7-40.9; P = 0.009) and
higher peak plasma viral load (logyg scale) (aHR, 1.4; 95% Cl, 1.1-1.9; P = 0.01).

Conclusion—We identified a number of allogeneic HCT recipients with HHV-6 DNA in CSF
who did not meet criteria for HHV-6 CNS dysfunction. All patients had poor survival. Whether
CSF HHV-6 DNA detection in patients without associated CNS dysfunction independently
contributes to mortality and warrants treatment is unclear; management of these patients warrants
further investigation.
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1. Background

Human herpesvirus 6 (HHV-6) latently infects over 90% of the population and is an
opportunistic pathogen in patients undergoing allogeneic hematopoietic cell transplantation
(HCT) [1,2]. Approximately 30-80% of patients develop HHV-6B viremia within six weeks
of HCT, and this has been associated with multiple complications, including a spectrum of
central nervous system (CNS) effects.

HHV-6-associated CNS dysfunction after HCT is well described and has significant
morbidity [1-5]. Diagnosis of HHV-6 CNS dysfunction is predicated on detection of HHV-6
DNA in cerebrospinal fluid (CSF), which usually prompts treatment. There is a dearth of
data regarding the frequency of HHV-6 DNA detection in CSF in the absence of associated
CNS dysfunction; two studies found this to occur in 0-0.9% of immunocompromised
patients [6,7]. We assessed the clinical significance of HHV-6 DNA detection in CSF from
allogeneic HCT recipients.

2. Objectives

The aim of this study was to determine the frequency and significance of HHV-6 DNA
detection in CSF after HCT.

3. Study design

3.1. Materials and methods

We identified all allogeneic HCT recipients who had HHV-6 DNA detected in CSF between
1998 and 2012 at Fred Hutchinson Cancer Research Center. Eleven patients were previously
described [8]. Clinical testing of CSF for HHV-6 DNA was routinely performed during this
period in post-HCT patients with neurologic symptoms using a previously described
quantitative polymerase chain reaction (qQPCR) assay that detected, but did not discriminate
between, HHV-6B and A [8]. Semi-quantitative methods were replaced by real-time qPCR
assays after 2000, and the testing procedure has otherwise been largely unchanged. Patients
and their donors were evaluated for chromosomally integrated HHV-6 by determining the
ratio of HHV-6 DNA to cell genome equivalents and excluded if positive [9].
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We extracted patient demographics and clinical characteristics from a prospectively
maintained database and chart review. CNS dysfunction was defined as a spectrum of
symptoms ranging from headache to encephalopathy. Patients with persistent (>48 hours)
symptoms of CNS dysfunction and HHV-6 DNA detection in CSF by gPCR without
identification of an alternative etiology after extensive evaluation were categorized as
having HHV-6 CNS dysfunction.

We compared risk factors and clinical outcomes in patients with and without HHV-6 CNS
dysfunction. Demographics and clinical characteristics were compared using Fisher's exact
test, chi-square test, or Wilcoxon rank-sum test as appropriate for the variable. We used
Kaplan-Meier analyses to estimate survival probabilities and Cox proportional hazards
models to evaluate univariate and multivariable hazard ratios (HRs) for all-cause mortality
at 200 days after the first CSF sample with HHV-6 DNA detected. We included variables in
the multivariable analysis if they had a P-value <.2 in univariate analysis. Statistical
significance was defined as P <.05. SAS version 9.3 (SAS Institute, Cary, NC) was used for
all statistical analyses.

Among 3,902 allogeneic HCT recipients from 1998-2012, 388 had CSF tested for HHV-6,
and 56 had HHV-6 DNA detected; five patients with pre-HCT or donor-derived ciHHV-6
were excluded. In this cohort of 51 patients, 37 (73%) met criteria for HHV-6 CNS
dysfunction and 14 (27%) did not. Patient characteristics are presented in Supplementary
Table 1. Among the 14 patients with HHV-6 DNA in CSF without HHV-6 CNS
dysfunction, eight patients had an alternative diagnosis for their neurologic symptoms
(infection [n=5] or drug toxicity [n=3]), three had spontaneous resolution of their symptoms
prior to antiviral therapy, and three had no neurologic symptoms (CSF testing prompted by
HHV-6 viremia). CSF testing among patients with no or spontaneous resolution of
neurologic symptoms was negative for other infectious causes. Magnetic resonance imaging
revealed evidence of limbic encephalitis in 14 of 29 tested patients with HHV-6 CNS
dysfunction versus zero of nine tested patients without HHV-6 CNS dysfunction. Among
identified cord blood recipients, 16/17 had HHV-6 CNS dysfunction.

Patients with HHV-6 CNS dysfunction had significantly higher HHV-6 VL in CSF (median
peak copies/ml, 9,050; range, 54-450,000) compared to all patients without HHV-6 CNS
dysfunction (median peak copies/ml, 655; range, 25-260,000; P = 0.05; Table 1, Fig. 1).
This difference was driven primarily by patients with an alternative diagnosis (median peak
copies/ml, 314; range, 45-9,200;= 0.02), who also had longer time after HCT to HHV-6
DNA detection in plasma (median day, 161 vs. 22; P = 0.03) and CSF (median day, 114 vs.
24; P =0.002). Plasma HHV-6 VL did not distinguish between patients with and without
CNS dysfunction, and there was no correlation between plasma and CSF HHV-6 VL in this
cohort. Patients with HHV-6 CNS dysfunction compared to those with no or spontaneous
resolution of neurologic symptoms had no significant differences.

Ganciclovir and/or foscarnet were administered to all patients with and eight (57%) without
HHV-6 CNS dysfunction for at least one week. Six patients without HHV-6 CNS
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dysfunction were not treated and had no morbidity attributable to HHV-6. Kaplan-Meier
survival curves for patients with HHV-6 DNA detected in CSF and a contemporaneous
group who were tested and negative demonstrated poor overall survival among all patient
groups (Fig. 2). In a multivariable Cox proportional hazards model considering demographic
and clinical characteristics (including antiviral treatment, plasma VL, and CSF VL),
variables associated with higher all-cause mortality within 200 days of HHV-6 CSF
detection were alternative diagnosis (adjusted hazard ratio [aHR], 8.4; 95% confidence
interval [Cl1], 1.7-40.9; P = 0.009), peak plasma viral load (log;q scale) (aHR, 1.4; 95% ClI,
1.1-1.9; P =0.01), and male sex (aHR, 3.6; 95% ClI, 1.5-8.2; P = 0.003).

5. Discussion

Our findings suggest that HHV-6 DNA detection in CSF without associated CNS
dysfunction may be relatively frequent, and clinical characteristics can be useful in
identifying patients at higher risk for HHV-6 CNS dysfunction. We also found that both
patients with and without HHV-6 CNS dysfunction had similarly poor survival.

Differences between patients with and without HHV-6 CNS dysfunction were driven by
patients with an alternative diagnosis who had later HHV-6 DNA detection in plasma and
CSF with lower CSF VL, although ranges were large and overlapping. Mortality rates did
not significantly differ between those with and without HHV-6 CNS dysfunction and were
similar to those who were tested and found negative for HHV-6 in CSF. This suggests that
patients undergoing evaluation for neurological dysfunction after allogeneic HCT represent
a high-risk cohort. We also showed that most cord blood recipients had HHV-6 CNS
dysfunction if HHV-6 was detected in their CSF, consistent with studies underscoring the
increased risk for HHV-6 reactivation and disease in these patients [1,3,4].

There was no association between antiviral treatment and decreased mortality among
patients with HHV-6 DNA in CSF without CNS dysfunction, but this comparison was
limited by small sample size and possibility of treatment bias. Notably, six patients without
CNS dysfunction who were not treated had no morbidity attributable to HHV-6. The lack of
correlation between plasma and CSF HHV-6 VL and low rate of traumatic lumbar punctures
argue against HHV-6 spill over or contamination from blood. Whether CSF HHV-6 DNA
detection in patients without associated CNS dysfunction independently contributes to
mortality and warrants treatment is unclear. However, HHV-6 DNA detection in body fluids
may underestimate organ-level replication [10], and HHV-6 viremia was independently
associated with increased mortality in this and larger cohort studies [1].

Limitations of this study include small sample size and the administration of antiviral
therapy to some patients who did not meet our post-hoc criteria for HHV-6 CNS
dysfunction, possibly preventing development of qualifying symptoms. However, this is the
largest cohort of patients with HHV-6-associated CNS dysfunction from a single center
using sensitive qPCR assays to detect HHV-6 DNA and exclude patients with ciHHV-6.

In conclusion, patients may have HHV-6 DNA in CSF without clinically apparent HHV-6
CNS dysfunction, but these patients have similarly poor survival as those with HHV-6 CNS
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dysfunction. The epidemiology and significance of HHV-6 DNA detection in CSF remains
incompletely understood, and management of these patients warrants further investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Comparisons of HHV-6 median peak viral load and median day of detection in plasma and

CSF samples among patients with HHV-6 CNS dysfunction and those without HHV-6 CNS
dysfunction (stratified into alternative diagnosis group and no neurologic symptoms or
sponatenous resolution group). Patients with HHV-6 CNS dysfunction had significantly
higher CSF HHV-6 peak viral load (P = 0.02) and earlier CSF day of detection (P = 0.002)
than patients with an alternative diagnosis.

J Clin Virol. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Hill et al.

Survival Probability

1.01

0.91

0.21

0.1

0.0

Page 8

HHV-6 CNS
_q_ Dysfunction
| .
CSF
HHV-6 Negative
Alternative Diagnosis
No Neurologic Symptoms or
Spontaneous Resolution
i i i | T I I
0 30 60 90 120 150 180
Days after HHV-6 DNA detection or testing in CSF
Figure 2.

Kaplan-Meier survival curves for all-cause mortality through 180 days after HHV-6 DNA
detection or testing in CSF, stratified by patient group. There were no significant differences
between the curves by log-rank testing.
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