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Drug-induced hypersensitivity syndrome (DIHS)/drug 
reaction with eosinophilia and systemic symptoms 
(DRESS) is a severe adverse cutaneous drug reaction 
associated with the reactivation of human herpesvirus 6 
(HHV-6). In DIHS, HHV-6 is generally reactivated 2–3 
weeks after the onset of a rash, and such reactivation is 
associated with the flare-up of clinical symptoms (1). 
The reactivation of HHV-6 usually occurs as a transient 
event; however, in rare cases HHV-6 DNA continues to 
be detected long after the onset of the condition, which is 
sometimes associated with frequent recurrence of clinical 
symptoms, such as skin rashes. There has been only one 
report of a case of DIHS involving a persistent HHV-6 
infection (2). We report here 3 cases of DIHS in which 
HHV-6 DNA was detected in the patients’ peripheral 
blood mononuclear cells (PBMC) long after resolution 
of their DIHS. We also demonstrated that CD4 T cells 
were the main contributors to the PBMC HHV-6 DNA 
load throughout the patients’ clinical courses, while in 
the early stages of their conditions CD14+ monocytes 
and other types of PBMC also harboured HHV-6 DNA. 

PATIENTS AND METHODS
The characteristics of the 3 patients with DIHS are listed in Table 
SI1. Blood samples were obtained from each patient after the 
onset of a rash. PBMC were isolated from whole blood by Ficoll 
gradient separation (GE Healthcare, Little Chalfont, UK) and 
divided into 2–3 aliquots. Sera were separated from whole blood 
by centrifugation. An aliquot of PBMC and an aliquot of serum 
were subjected to real-time polymerase chain reaction (PCR) 
to detect and quantify HHV-6 DNA. Briefly, DNA was isolated 
from PBMC or serum using the QIAamp DNA blood mini kit 
(QIAGEN, Hilden, Germany), according to the manufacturer’s 
protocol. Real-time PCR was performed with the TaqMan fast 
advanced master mix (Applied Biosystems, Foster City, CA, 
USA) and the following primers and probe (3): forward primer: 
GAAGCAGCAATCGCAACACA, probe: AACCCGTGCGCCG-
CTCCC, reverse primer: ACAACATGTAACTCGGTGTACGGT. 
The PCR and data collection were conducted on an Applied 
Biosystems StepOnePlus real-time PCR system. A further aliquot 
of PBMC was subjected to magnetic bead purification (Miltenyi 
Biotec, Bergisch Gladbach, Germany) to obtain CD14+ cells. 
The rest of the cell fraction was subsequently used to purify the 
CD4 T-cell fraction. The HHV-6 DNA load of each cell type was 
then measured by real-time PCR. In some experiments, a further 
aliquot of PBMC was subjected to CD16+ cell isolation followed 
by CD8 T-cell isolation using magnetic beads. To detect the 

U31, U39, U90, and U94 gene transcripts, purified CD4 T cells 
from PBMC were cultured with 5 µg/ml  phytohaemagglutinin 
(PHA) and 20 units/ml recombinant human interleukin 2 in GIT 
medium (WAKO, Tokyo, Japan). Seven days later, the cells were 
harvested and subjected to RNA extraction using an RNeasy plus 
kit (QIAGEN) followed by cDNA synthesis using a high-capacity 
RNA-to-cDNA kit (Applied Biosystems). Real-time PCR was 
carried out using specific primers and probes.

RESULTS AND DISCUSSION

As shown in Fig. 1A, HHV-6 DNA was detected at re-
latively high copy numbers long after resolution of the 
patients’ DIHS, although the amounts of DNA detected 
at these time-points were lower than those seen during 
the early phase of the condition, except in case 3, in 
which HHV-6 DNA was detected on the day of admis-
sion (day 8). 

Since little is known about which types of PBMC 
harbour HHV-6 in DIHS patients with persistent HHV-
6 infections, we next evaluated the HHV-6 DNA loads 
of CD4 T cells, CD14+ cells, and the remaining PBMC 
obtained from the 3 patients. During the early phase of 
the patients’ DIHS, HHV-6 DNA was detected in all cell 
types, with CD4 T cells being the predominant cell type. 
At later time-points, CD4 T cells seemed to harbour the 
majority of the HHV-6 DNA load (Fig. 1B). 

HHV-6 was found to mainly infect and replicate in 
CD4 T cells. However, HHV-6 is able to infect a wide 
variety of cell types, including natural killer cells and 
dendritic cells (4). In the latent state, HHV-6 is reported 
to persist in monocytes/macrophages (4). In some ca-
ses, HHV-6 DNA could not be detected in PBMC from 
healthy individuals with latent HHV-6 infections (4), 
whereas in others low levels of HHV-6 DNA (around 2 
log10 copies/ml) were detected (5, 6). 

In our study, no HHV-6 DNA was detected in the 
patients’ sera at later time-points (Fig. 1A), and while 
the patients’ anti-HHV-6 IgG titres increased during the 
early stages of their conditions they subsequently star-
ted to decline (Table SI1), which is not consistent with 
reactivation. These findings suggest that latent HHV-6 
persisted in the patients’ CD4 T cells at later time-points. 
However, the amounts of HHV-6 DNA and the types of 
cells harbouring HHV-6 DNA (CD4 T cells) at later time-
points cannot be fully explained by a latent infection. To 
distinguish between HHV-6 reactivation and latency at 
later time-points, we examined the expression of 4 HHV-
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6 gene transcripts, U31, U39, U90, and U94, in CD4 T 
cells that had been stimulated with PHA. U31 and U39 
encode HHV-6 late proteins. U90 is an immediate early 
gene transcript, and U94 is a putative latency-associated 
gene transcript (7). Real-time PCR showed that the U90 
gene transcript, but not the other 3 gene transcripts, was 
detected at a low level in CD4 T cells from case 3 on day 
77 after onset (data not shown). These results suggest 
that low-level HHV-6 reactivation that did not have an 
influence on the viral antibody titre persisted in case 3. 

It has been reported that the number of circulating 
monomyeloid precursors with the CD11b+CD13+CD14–

CD16high phenotype increases in the early stages of DIHS 
and that these cells harbour the HHV-6 antigen (8). Thus, 
we examined the expression of HHV-6 DNA in CD16+ 
cells in case 3 (Fig. 1C). Although we were able to de-
tect small amounts of DNA in the CD16+ cells as well 
as in the CD8 T cells, CD4 T cells served as the main 
HHV-6 reservoir throughout the course of the patient’s 
DIHS (Fig. 1B). 

Why is HHV-6 DNA persistently detected in some 
cases of DIHS? HHV-6 infections are frequently en-
countered in immunosuppressed patients, such as bone 
marrow transplant recipients (9) and patients with AIDS 
(5). In DIHS, reductions in immunoglobulin levels and B-
cell counts (10), and the marked expansion of functional 
regulatory T cells (11) have been considered to cause im-
munosuppression. However, these immunosuppressive 
conditions occur only in the acute stage of DIHS, which 
could facilitate HHV-6 reactivation (10, 11). It remains 
unclear whether our patients were in an immunosuppres-
sed state even after their recovery. 

Occasionally, healthy individuals have been shown 
to have persistently high HHV-6 DNA levels origina-
ting from chromosomally integrated HHV-6 (6). The 
whole-blood HHV-6 DNA levels of immunocompetent 
individuals that have undergone chromosomal HHV-6 
integration are characteristically high (around 6 log10 
copies/ml) (6). We investigated cases 2 and 3 for HHV-
6 chromosomal integration by examining the patients’ 
hair follicles. HHV-6 DNA was not detected in their 
hair follicles (data not shown), indicating that HHV-6 
chromosomal integration had not occurred in these 
cases. Although the possibility of HHV-6 chromosomal 
integration was not investigated in case 1, the fact that 
no HHV-6 DNA was detected at the initial visit (day 18) 
and relatively low levels of HHV-6 DNA were detected 
at later time-points suggest that case 1 did not involve 
chromosomally integrated HHV-6. 

ACKNOWLEDGEMENTS
The authors thank Ayako Yamamoto for her technical assistance. 

This study was supported in part by Health and Labor Sciences 
Research Grants (Research on Intractable Diseases) from the Mi-
nistry of Health, Labor, and Welfare of Japan and a Grant-in-Aid 
for Scientific Research (KAKENHI) to H.A.

REFERENCES
1. Shiohara T, Inaoka M, Kano Y. Drug-induced hypersensitivity 

syndrome (DIHS): a reaction induced by a complex interplay 
among herpesviruses and antiviral and antidrug immune 
responses. Allergol Int 2006; 55: 1–8.

2. Watanabe H, Daibata M, Tohyama M, Batchelor J, Hashimoto 

Fig. 1. Human herpesvirus 6 (HHV-6) DNA load (log scale) in peripheral blood mononuclear cells (PBMC). (A) Real-time PCR was performed 
with PBMC obtained from 3 drug-induced hypersensitivity syndrome (DIHS) patients. Triplicate experiments, results presented as mean and standard 
deviation. The arrow indicates the day of admission (when the first sample was collected). × indicates the serum HHV-6 DNA load (copies/ml). HHV-6 
DNA was only detected in the patients’ sera when the HHV-6 DNA load of the PBMC was at its peak. (B) Real-time PCR was performed with purified CD4 
T cells, CD14+ cells, and the other cells left after the isolation of CD4 T cells and CD14+ cells from the PBMC. The CD4 T cells exhibited a higher HHV-6 
DNA load than the CD14+ cells and the remaining PBMC in the early phase. Later, HHV-6 DNA was mainly detected in CD4 T cells. (C) Real-time PCR was 
performed with purified CD8 T cells and CD16+ cells obtained from case 3.



A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

Short communication148

www.medicaljournals.se/acta

K, Iijima M. Chromosomal integration of human herpesvirus 
6 DNA in anticonvulsant hypersensitivity syndrome. Br J 
Dermatol 2008; 158: 640–642.

3. Watzinger F, Suda M, Preuner S, Baumgartinger R, Ebner 
K, Baskova L, et al. Real-time quantitative PCR assays for 
detection and monitoring of pathogenic human viruses in 
immunosuppressed pediatric patients. J Clin Microbiol 2004; 
42: 5189–5198.

4. De Bolle L, Naesens L, De Clercq E. Update on human herpes-
virus 6 biology, clinical features, and therapy. Clin Microbiol 
Rev 2005; 18: 217–245.

5. Clark DA, Ait-Khaled M, Wheeler AC, Kidd IM, McLaughlin JE, 
Johnson MA, et al. Quantification of human herpesvirus 6 in 
immunocompetent persons and post-mortem tissues from 
AIDS patients by PCR. J Gen Virol 1996; 77: 2271–2225.

6. Ward KN, Leong HN, Nacheva EP, Howard J, Atkinson CE, 
Davies NWS, et al. Human herpesvirus 6 chromosomal inte-
gration in immunocompetent patients results in high levels 
of viral DNA in blood, sera, and hair follicles. J Clin Microbiol 
2006; 44: 1571–1574.

7. Yoshikawa T, Akimoto S, Nishimura N, Ozaki T, Ihira M, Ohashi 
M, et al. Evaluation of active human herpesvirus 6 infection 
by reverse transcription-PCR. J Med Virol 2003; 70: 267–272.

8. Hashizume H, Fujiyama T, Kanebayashi J, Kito Y, Hata M, 
Yagi H. Skin recruitment of monomyeloid precursors involves 
human herpesvirus-6 reactivation in drug allergy. Allergy 
2013; 68: 681–689.

9. Yoshikawa T, Asano Y, Ihira M, Suzuki K, Ohashi M, Suga S, 
et al. Human herpesvirus 6 viremia in bone marrow trans-
plant recipients: clinical features and risk factors. J Infect 
Dis 2002; 185: 847–853.

10. Kano Y, Inaoka M, Shiohara T. Association between anticon-
vulsant hypersensitivity syndrome and human herpesvirus 
6 reactivation and hypogammaglobulinemia. Arch Dermatol 
2004; 140: 183–188.

11. Takahashi R, Kano Y, Yamazaki Y, Kimishima M, Mizukawa 
Y, Shiohara T. Defective regulatory T cells in patients with 
severe drug eruptions: timing of the dysfunction is associated 
with the pathological phenotype and outcome. J Immunol 
2009; 182: 8071–8079.


