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Human herpesvirus 6 (HHV-6) and 7 (HHV-7) are ubiquitous viruses that undergo latency and
may become reactivated leading to cytomegalovirus reactivation, bone marrow suppression,
nervous system dysfunction, graft-versus-host disease and increased mortality. The aim of this
study was to identify the most sensitive and reproducible nPCR for detection of HHV-6 and
HHV-7 infection and to evaluate the reproducibility of these assays in different laboratories. The
sensitivity of the six previously published HHV-6 (one targeting hypothetical protein Bgp009 gene,
two — large tegument protein gene, one — major binding protein gene and two targeting hypo-
thetical Bgp071 protein gene) and four HHV-7 (targeting nuclear phosphoprotein, tegument phos-
phoprotein, large tegument protein and immediately early A transactivator gene) nPCRs was
determined. The most sensitive HHV-6 nPCR was targeted Bgp071 protein gene, which could de-
tect 5 genomic copies of HHV-6. The most sensitive and reproducible HHV-7 nPCR assay, target-
ing nuclear phosphoprotein gene, could detect 1 genomic copy of HHV-7. The reproducibility of
the selected HHV-6 and HHV-7 nPCRs was evaluated in five different laboratories. The results
obtained in all laboratories were identical to our results, confirming that these nPCRs are useful

as assays for molecular diagnostics of HHV-6 and HHV-7 infection.
Key words: HHV-6, HHV-7, infection, molecular diagnostic, nested PCR.

INTRODUCTION

Human herpesviruses type 6 (HHV-6) and type 7 (HHV-7)
belong to the Roseolovirus genus within the beta-herpes-
virus subfamily. Both of the viruses are highly prevalent in
the healthy population, establishing latency in the human
host after the primary infection, and can become reactivated
in immunosuppressive individuals (Chapenko et al., 2001;
Kozireva et al., 2001).

HHV-6, initially termed human B-lymphotropic virus, was
first isolated in 1986 from patients with various lympho-
proliferative disorders (Salahuddin et al., 1986). There are
two distinct variants of HHV-6 — HHV6A and HHV-6B
(Ablashi et al., 1993). With the exception of a few genes or
regions, the coding sequences of HHV-6A and HHV-6B are
identical for more than 90% (Isegawa et al., 1999). HHV-6
(A and B variants) reactivation occurs in approximately
50% of bone marrow and solid organ transplant recipients.
The consequences of HHV-6 reactivation include cyto-
megalovirus (CMV) reactivation, bone marrow suppression,
central nervous system dysfunction, idiopathic pneumonitis,
severe graft-versus-host disease, hepatitis fulminant liver
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failure and increased mortality (Chapenko et al., 2001;
Caselly et al., 2007).

HHV-7, first isolated from CD4+ T cells of healthy individ-
uals in 1990, has been implicated as a cause of neurological
manifestations and can act as a cofactor for HHV-6 activa-
tion and CMV disease development in transplant patients
(Frenkel et al., 1990; Chan et al., 2004; Caselly et al.,
2007).

The lack of a standardised assay for detection of HHV-6
and HHV-7 DNA can lead to discordant results among in-
vestigators on potential association of these viruses with the
diseases. The sensitivity of the assay is a very important is-
sue, considering that HHV-6 and HHV-7 generally remain
cell-associated and that the detection of cell-free HHV-6
and HHV-7 in biological samples can be clinically mean-
ingful. Moreover, the routine diagnostic of HHV-6 and
HHV-7 infections in Latvia is lacking. The aim of this study
was to identify the most reliable and sensitive nested poly-
merase chain reaction (nPCR) assays for detection of
HHV-6 and HHV-7. We compared the sensitivity of six
nPCR assays for HHV-6 and four nPCR assays for HHV-7
and determined the reproducibility of the selected nPCR as-
says in five different laboratories.
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MATERIALS AND METHODS

Evaluation of sensitivity and reproducibility of the
nPCR assays. Quantitative viral HHV-6A (strain GS),
HHV-6B (strain Z-29) DNA controls and DNA from
HHV-7 (strain H7-4) infected SupT1 cell line (50 ng/pl rep-
resenting ~ 25x10° copies of the virus/ul) (MacKenzie et
al., 2001) were purchased from Advanced Biotechnologies
Inc. (Columbia, MD).

Six separate nPCR assays — one targeting the hypothetical
protein Bgp009 (Bgp009) gene, two targeting large tegu-
ment protein (LTP) gene, one targeting major binding pro-
tein (MBP) gene and two targeting hypothetical Bgp071
protein gene (Bgp071) — were used for detection of HHV-6.
Four separate nPCR assays targeting nuclear phospho-
protein (NPP), tegument phosphoprotein (TPP), large tegu-
ment protein (LTP) and immediately early A transactivator
(IE-A) genes, respectively, were used for detection of
HHV-7. In all cases, the amplification reactions were per-
formed in a volume of 50 pl as previously described (Hall et
al., 1994; Challoner et al., 1995; Secchiero et al., 1995;
Ueda et al., 1996; Chan et al., 1999; Gonelli et al., 2001)
and the amplification products were analysed by agarose gel
electrophoresis followed by ethidium bromide staining.

To determine the minimal detection limit of these HHV-6
and HHV-7 nPCR assays, serial dilutions of HHV-6 and
HHV-7 commercial DNA controls were used as a template
for PCR amplification. To determine reproducibility of
HHV-6 and HHV-7 nPCRs each nPCR assay was tested by
using dilution series of HHV-6 and HHV-7 DNAs in 10 re-
peats for each dilution.

Interlaboratory evaluation of reproducibility of the two
selected HHV-6 and HHV-7 nPCR assays. Blood samples
from 20 renal transplant patients, as well as from 20 patients
with colorectal cancer, were tested at least two times in our
laboratory for the presence of HHV-6 and HHV-7 genomic
sequences using two of the most sensitive nPCR assays.
The investigation was carried out with approval of Ethics
Committee of Riga Stradin$ University and all patients gave
their informed consent prior to the examination.

DNA from the HOS cell line was used as a negative ampli-
fication control. DNA was purified from peripheral blood
leukocytes by proteinase K digestion and extraction by stan-
dard phenol-chloroform technique as described before
(Murovska et al., 2000).

Each of the five testing laboratories (Latvian State Blood
Centre, Latvian State Agency for Tuberculosis and Lung
Diseases, National Diagnostic Centre of Food and Veteri-
nary Service, Latvian Biomedical Research and Study Cen-
tre, Genera Ltd.) had received six coded samples: four clini-
cal DNA samples, one positive amplification control
(containing 20 copies of the entire virus/ul) and one nega-
tive amplification control (DNA from HOS cell line). All
samples were arranged in a blinded fashion. Each laboratory
was using the same amplification protocols (including their
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own non-template or PCR reagent control) to confirm the
reproducibility of these assays.

Sequencing analysis. The amplimers, obtained from three
HHV-6 positive patients and three HHV-7 positive patients
by using the selected Bgp071 HHV-6 and NPP HHV-7
nPCR assays were cloned into a cloning vector pTZ57R/T
by using the InsTAclone™ PCR Cloning Kit (Fermentas,
Lithuania) and sequenced on an ABI 310 capillary electro-
phoresis system (Applied Biosystems, Foster City, CA) us-
ing the BigDye terminator v3.1 sequencing kit. The se-
quences were further analysed with the BLAST alignment
programme.

RESULTS

Evaluation of the sensitivity and intralaboratory repro-
ducibility of different HHV-6 and HHV-7 nPCR assays.
We compared the performance of six different nPCR assays
targeting four different HHV-6 genes and four nPCRs as-
says targeting four different HHV-7 genes by testing the se-
rial dilutions of HHV-6 and HHV-7 commercial DNA con-
trols (Table I).

The HHV-6 nPCRs targeting Bgp009, LTP and Bgp071
genes had the same sensitivity and allowed to detect 10 ge-
nome copies of both A and B variants of HHV-6. The sen-
sitivity of HHV-6 nPCR targeting MBP gene was 50 copies
for both HHV-6 variants, nPCR with the second set of
primers targeting LTP gene — 25 copies of HHV-6A and
50 of HHV-6B, respectively, while the nPCR assay with the
second set of primers targeting Bgp071 gene was the most
sensitive and could detect five genome copies of both A and
B variants of HHV-6 (Fig. 1 and Table 2). The sensitivity of
HHV-7 LTP and TPP nPCR assays was five copies and one
copy for nPCRs targeting IE-A transactivator and NPP
genes (Fig. 2 and Table 2).

Table 1
nPCR ASSAYS USED IN THE STUDY
Virus Target nPCR prod- Reference
uct length
HHV-6  Hypothetical Bgp009 151 bp Hall et al., 1994

protein gene

Large tegument protein 751 bp Ueda et al., 1996

gene 658 bp Secchiero et al., 1994

Major binding protein 189 bp Challoner et al., 1995

gene

Hypothetical Bgp071 130 bp Chan et al., 1999

protein gene 258 bp Secchiero et al., 1995
HHV-7  Nuclear phosphoprotein 124 bp Chan et al., 1999

gene

Tegument 119 bp Gonelli et al., 2001

phosphoprotein gene

Large tegument protein 447 bp Gonelli et al., 2001
gene

Immediately early A 140 bp Gonelli et al., 2001

transactivator gene
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HHV-6A HHV-6B

M 100 50 25 10

M 100 S50 25 10 S 1

Bgp071gene  Bgp003 gene

LTPgene  LTP gene  BgpO71gene

MBP gene

Fig. 1. Sensitivity of six nPCR assays for HHV-6 detection.

Lane M, pUC19 DNA/Mspl (Hpall) (Fermentas, Lithuania) for HHV-6A
Bgp009 gene and 100 bp DNA Ladder (Invitrogen, USA) for all others;
lanes 100, 50, 25, 10, 5 and 1 — copy number of HHV-6 DNA per reaction.

Table 2
SENSITIVITY OF nPCR ASSAYS USED IN THE STUDY
Virus Target gene Sensitivity
(copies/reaction)
HHV-6 variants A/B
HHV-6 Hypothetical Bgp009 protein gene 10/10
Large tegument protein 10/10
25/50
Major binding protein gene 50/50
Hypothetical Bgp071 protein gene 10/10
5/5
HHV-7 Nuclear phosphoprotein gene 1
Tegument phosphoprotein gene 5
Large tegument protein gene 5
Immediately early A transactivator 1
gene

The reproducibility of each nPCR assay was examined by
testing dilution series of HHV-6 and HHV-7 DNAs in 10
repeats for each dilution. The results showed that all six
HHV-6 nPCRs had the same reproducibility (10 of 10 re-
peats). The identical reproducibility was observed also us-
ing HHV-7 specific nPCRs targeting TPP, LTP and NPP
genes (10 out of 10 replicates), while the reproducibility of
nPCR targeting EI-A gene of HHV-7 was detected in 8 of
10 repeats.

Interlaboratory reproducibility of the selected HHV-6
and HHV-7 nPCR assays. Five different laboratories using
two of the most sensitive and reproducible HHV-6 and
HHV-7 nPCR assays were asked to participate in this study.
Each laboratory received different sets of six coded samples
and performed the HHV-6 and HHV-7 analyses by the pro-
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124 bp

NPP gene

Fig. 2. Sensitivity of four nPCR assays for HHV-7 detection.

Lane M, pUC19 DNA/Mspl (Hpall) (Fermentas, Lithuania); lanes 100, 50,
25, 10, 5 and 1 — copy number of HHV-6 DNA per reaction.

tocols provided by our (reference) laboratory. Upon com-
pletion, each laboratory was asked to send its results to the
project coordinator. In all five laboratories any false-posi-
tive results for the HHV-6 and HHV-7 negative samples
and controls as well as any negative results for HHV-6 and
HHV-7 positive samples and controls were reported for
these two assays. The obtained results confirmed the high
reproducibility of these two nPCRs for detection of HHV-6
and HHV-7.

Sequencing analysis. Three amplimers from three HHV-6
positive renal transplant patients obtained by using the se-
lected HHV-6 nPCR assay that could detect five genomic
copies and targeted Bgp071 gene were cloned and analysed
by sequencing. The obtained sequences were compared to
all published genomic sequences of HHV-6: HHV-6A strain
U1102 (X83413.1), HHV-6B strain Z29 (AF_157706.1)
and HHV6B strain HST (AB_021506.1). Ten nucleotide
substitutions were observed compared to the prototype
genomic sequence of HHV-6A strain U1102, and two nu-
cleotide substitutions — compared to the prototype
genomic sequence of HHV-6B strain Z29, but the nucleo-
tide sequences of all three patients were identical to
genomic sequence of HHV-6B strain HST (Fig. 3).

Three amplimers from three HHV-7 positive patients with
colorectal cancer obtained by selected HHV-7 nPCR which
could detect 1 genomic copy of HHV-7 and targeted NPP
gene, were also cloned and analysed by sequencing. No nu-
cleotide substitutions were found in these patients and the
nucleotide sequences of all three patients were identical to
prototype HHV-7 strain RK (NC_001716).

DISCUSSION

HHV-6 and HHV-7 are known as etiological agents of
exanthema subitum (Caselly et al., 2007). Both HHV-6 and

Proc. Latvian Acad. Sci., Section B, Vol. 63 (2009), No. 4/5.



10 20 30 40 50 60
HHV 6B GCTAGAACGTATTTGCTACAGAACGTTTCGCGGACTCAAGATCAACAAGTTGCCATTTCG

420 430 440 450 460 470

70 80 90 100 110 120
HHV 6B GGGACGTACATTTTATATACAAAAAAACACATTGAAACGTCTTTGATGCTCGATAAGACG

sample GGGACGTACATTTTATATACAAAAAAACACATTGAAACGTCTTTGATGCTCGATAAGACG
480 490 500 510 520 530

130 140 150 160 170 180
HHV 6B AAGTTAGTTAAACAAATTCTTGAGTATGCTGAGACCCCTAATTTGTTAGGGTATACCGAT

540 550 560 570 580 590

190 200 210 220 230 240
HHV 6B GTGCGTGATCTTGAATGT TTACTTTGGTTGGTGT TCTGTGGCCCTAAAAGTTTTTGCCAG

sample GTGCGTGATCTTGAATGTTTACTTTGGTTGGTGTTCTGTGGCCCTARAAGTTTTTGCCAG
600 610 620 630 640 650

250
HHV 6B TCAGACAGTTGTTTCGGAT

sample TCAGACAGTTGTTTCGGAT
660 670

10 20 30 40 50 60
HHV6B GCTAGAACGTATTTGCTGCAGAACGTTTCGCGGACTCAAGATCAACAAGTTGCCATTTCG

sample GCTAGRACGTATTTGCTGCAGAACGTTTCGCGGACTCAAGATCAACAAGTTGCCATTTCG
420 430 440 450 460 470

70 80 90 100 110 120
HHV6B GGGACGTACATTTTATATACAAAAAAACACATTGAAACGTCTTTGATGCTCGATAAGACG

sample GGGACGTACATTTTATATACAAAAAAACACATTGAAACGTCTTTGATGCTCGATAAGACG
480 490 500 510 520 530

130 140 150 160 170 180
HHV6B AAGTTAGTTARACAAATTCTTGAGTATGCCGAGACCCCTAATCTGTTAGGGTATACCGAT

540 550 560 570 580 590

190 200 210 220 230 240
HHV6B GTGCGTGATCTTGAATGTTTACTTTGGTTGGTGTTCTGTGGCCCTAAAAGTTTTTGCCAG

sample GTGCGTGATCTTGAATGT TTACTTTGGTTGGTGTTCTGTGGCCCTAAAAGTTTTTGCCAG
600 610 620 630 640 650

250
HHV6B TCAGACAGTTGTTTCGGAT

sample TCAGACAGTTGTTTCGGAT
660 670

10 20 30 40 50 60
HHV 6A GCTAGAACGTATTTGCTGCAGAACGTTTTGCGGACTCAAGATCAACAAGTTGCCATTTCG

sample GCTAGAACGTATTTGCTGCAGAACGTTTCGCGGACTCAAGATCAACAAGTTGCCATTTCG
420 430 440 450 460 470

70 80 90 100 110 120

sample AAGTTAGTTAAACARAATTCTTGAGTATGCCGAGACCCCTAATCTGTTAGGGTATACCGAT
540 550 560 570 580 590

190 200 210 220 230 240
HHV 6A GTGCGTGATCTTGAATGTTTACTTTGGTTAGTGTTTTGTGGTCCTAAAAGTTTTTGCCAG

sample GTGCGTGATCTTGAATGTTTACTTTGGTTGGTGTTCTGTGGCCCTARAAGTTTTTGCCAG
600 610 620 630 640 650

250
HHV 6A TCAGACAGTTGTTTCGGAT

sample TCAGACAGTTGTTTCGGAT
660 670

Fig. 3. Nucleotide sequence alignment of 258 bp HHV-6 PCR amplified fragment against two HHV-6B strains — Z29 (Accession number AF_157706.1) and
HST (Accession number AB_021506.1) and HHV-6A strain U1102 (Accession number X83413.1).
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HHV-7 infect cells of the immune system and can modulate
their functions (Lusso, 2006). Both HHV-6 and HHV-7 are
highly prevalent in the healthy population, after primary in-
fection the viruses establish lifelong latency and the patho-
genic potential of reactivated virus ranges from asymptom-
atic infection to severe diseases in immunosuppressed
patients, especially in transplant recipients (Caselly et al.,
2007). PCR-based assays have been recognised as a sensi-
tive and specific method for molecular detection and identi-
fication of HHV-6 and HHV-7. Different nPCR assays for
detection of HHV-6 and HHV-7 have been reported, but
none of these assays has been compared systematically.
There also are described various assays for quantitative
HHV-6 and HHV-7 detection, based on TagMan PCR tech-
nology, but those assays are very expensive, limiting their
general use. Chronic HHV-6 and HHV-7 infections are dif-
ficult to detect since there is very little free virus circulating
in serum. Therefore, there is urgent need for very sensitive
diagnostic assays and for studies that can prove or disprove
the importance of these viral infections in various patholog-
ical processes.

In this study we evaluated the sensitivity of the six previ-
ously described nPCRs assays for detection of HHV-6 and 4
nPCRs for detection of HHV-7. All six nPCR assays for
HHV-6 can detect both HHV-6 variants. The most sensitive
nPCR for HHV-6 detection was nPCR with primers target-
ing the Bgp071 gene. The minimal amount that could be
reproducibly detected by this nPCR assay was five genomic
copies of HHV-6 (A and B). The most sensitive and repro-
ducible nPCR assay for detection of HHV-7 was nPCRs
with primers targeting NPP gene. These assays could detect
one copy of HHV-7.

HHV-6 specific amplimers (Bgp071 gene) of three renal
transplant patients as well as HHV-7 specific amplimers
(NPP gene) of three patients with colorectal cancer were
cloned and analysed by sequencing. The results of sequenc-
ing of HHV-6 and HHV-7 positive amplimers confirmed
the presence of HHV-6 or HHV-7 genomic sequences in
these samples and demonstrated that all three patients had
HHV-6B strain HST, since their nucleotide sequences were
identical to this strain of HHV-6. All three HHV-7 positive
patients had a nucleotide sequence identical to prototype
HHV-7.

Taking into account that nPCR assays are associated with a
high risk of contamination, the reproducibility of the most
sensitive nPCRs, targeting to Bgp071 gene of HHV-6 and
NPP gene of HHV-7, was evaluated in five different labora-
tories using the same nPCR protocol and DNA samples
proved positive or negative in our laboratory. The identical
results obtained in all five laboratories confirmed the
reproducibility of these nPCR assays for HHV-6 and
HHV-7 detection. No evidence of contamination was ob-
served using these nPCR assays in all five laboratories indi-
cating that these nPCR are useful as assays for detection of
HHV-6 and HHV-7.
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The pathogenesis of HHV-6 and HHV-7 infections, the
methods for their diagnosis, as well as the evaluation of an-
tiviral drugs and strategies for their prevention and treat-
ment are now the subject of extensive research. Our study
showed that the HHV-6 nPCR with primers targeted to
Bgp071 gene and HHV-7 nPCR with primers targeted to
NPP gene are sensitive and reproducible assays and may be
useful for molecular diagnostics of HHV-6 and HHV-7 in-
fection. Moreover, this study emphasises the importance of
performing multi-institution experiments to provide a co-
herent basis for comparing results and to motivate stand-
ardisation of the methods.
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DAZADU POLIMERAZES KEDES REAKCIJU JUTIBA UN REPRODUCEJAMIBA CILVEKA 6. UN 7. HERPESVIRUSA
NOTEIKSANAI

Cilveéka 6. un 7. herpesviruss (HHV-6 un HHV-7) ir plasi izplatiti virusi, kas pec primaras infekcijas saglabajas latenta stavokli visa miiza
garuma. Pie dazadiem iminsupresiviem stavokliem tie var tikt reaktivéti un, savukart, izsaukt citomegalovirusa reaktivaciju, kaula
smadzenu supresiju, nervu sisttmas disfunkciju, “transplantats pret saimnieku” slimibu un pieaugoSu mirstibu. Si darba meérkis bija atrast
visjutigakas reproduc€jamas polimerazes kédes reakcijas (polymerase chain reaction, PCR) ar iek$€jo praiméSanu HHV-6, HHV-7
infekcijas noteikSanai un apstiprinat to reproduc€jamibu dazadas laboratorijas. Tika izvertéta sesu ieprieks publicétu HHV-6 specifisku PCR
un ¢etru HHV-7 specifisku PCR jutiba. Visjutigaka HHV-6 noteikSanai izradijas PCR ar praimeriem, kas komplementari Bgp071 gé€nam un
kas lava noteikt piecas HHV-6 A un B tipa genoma kopijas. Pargjo HHV-6 specifisko PCR jutiba bija zemaka — 10, 25 vai 50 HHV-6
genoma kopijas. HHV-7 specifisko PCR ar praimeriem, kas komplementari LTP un TPP géniem, jutiba bija piecas kopijas, bet ar
praimeriem, kas komplementari IE-A transaktivatoram un NPP génam — viena virusa genoma kopija. Visjutigaka reproducgjama HHV-7
noteikSanas PCR bija pedgja, kas mérketa uz NPP génu. Atlasito HHV-6 un HHV-7 specifisko PCR reproducgjamiba bija parbaudita piecas
dazadas laboratorijas. Visas laboratorijas iegiitie rezultati bija identiski, kas liecina, ka Sis PCR var tikt lietotas ka HHV-6 un HHV-7
infekcijas molekularas diagnostikas metodes praktiskaja medicina.
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