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A novel nucleic acid amplification method, termed loop-mediated isothermal amplification (LAMP), which
amplifies DNA with high specificity, efficiency, and rapidity under isothermal conditions, may be a valuable tool
for the rapid detection of infectious agents. LAMP was developed for human herpesvirus 6 (HHV-6), and its
reliability was evaluated in this study. Although LAMP products were detected in HHV-6 B and HHV-6 A DNA,
they were not detected in HHV-7 and human cytomegalovirus DNA. The sensitivity of the original HHV-6
LAMP protocol was 50 copies/tube. In order to increase the method’s sensitivity, HHV-6 LAMP was modified
by increasing the primer concentration. As a result of the modification, sensitivity increased to 25 copies/tube.
After these initial validation studies, 13 patients with fever were tested for HHV-6 by viral isolation, serological
analysis, and HHV-6 LAMP. In three of the eight patients with primary HHV-6 infection, HHV-6 DNA was
detected in whole blood by the original HHV-6 LAMP protocol in not only the acute phase but also the
convalescent phase. HHV-6 DNA was detected by modified HHV-6 LAMP in all eight plasma samples collected
in the acute phase; however, no HHV-6 DNA was detected in plasma samples collected in the convalescent
phase. Although HHV-6 DNA was detected in both the acute and convalescent phases of whole-blood samples
in patients with past HHV-6 infection, it was not detected in plasma samples that did not contain latent viral
DNA. Thus, detection of HHV-6 DNA in plasma by using this modified HHV-6 LAMP protocol is appropriate
for diagnosis of active HHV-6 infection.

Exanthem subitum (ES) is caused by primary human her-
pesvirus 6 (HHV-6) B infections (1, 24). Primary HHV-6 in-
fection usually has a benign and self-limited clinical course (4),
but it has been shown that the virus can cause several severe
complications (2, 3, 11, 21, 28) in rare instances. Clinical diag-
nosis of the disease is difficult before appearance of the skin
rash, because a characteristic clinical feature in the acute phase
of the disease is a high fever without any specific signs or
symptoms (4). Therefore, it is important to establish a reliable
and rapid diagnostic procedure that can detect active HHV-6
infection during the febrile period of ES. Reactivation of the
virus can also be manifest in several ways, such as acute graft-
versus-host-disease-like illness (26, 29, 30), encephalitis (9, 20),
bone marrow suppression (6, 8), and interstitial pneumonitis
(5, 7) in organ transplant recipients. Thus, reliable and rapid
diagnostic procedures are also important for management of
organ transplant recipients. To date, however, rapid virological
diagnosis has proven difficult. Isolation of the virus requires
cocultivation with preactivated cord blood mononuclear cells,
which is difficult to perform in commercial laboratories. More-
over, both viral isolation and serological testing require sub-
stantial amounts of time to obtain final results. Rapid diagnosis

by using PCR may eventually become a valuable tool for bed-
side monitoring of active viral infection (14, 18); however, it
has not yet become a common procedure in hospital labora-
tories because specific equipment (a thermal cycler) is needed.

Recently, Notomi et al. (17) have reported a novel nucleic
acid amplification method, termed loop-mediated isothermal
amplification (LAMP), that amplifies DNA with high specific-
ity, efficiency, and speed under isothermal conditions. The
LAMP reaction requires a DNA polymerase with strand dis-
placement activity and a set of four specially designed primers,
termed inner and outer primers, which improve specificity. As
a first step, a stem-loop DNA structure, in which the sequences
of both DNA ends are derived from the inner primer, is con-
structed as the starting material. Subsequently, one inner
primer hybridizes to the loop on the product in the LAMP
cycle and initiates strand displacement DNA synthesis, yielding
the original stem-loop DNA and new stem-loop DNA with a
stem twice as long. The final products are stem-loop DNAs
with several inverted repeats of the target DNA and cauliflow-
er-like structures with multiple loops, amplifying the amount to
109 copies of the target (17). The most significant advantage of
the LAMP method is its ability to amplify specific sequences of
DNA under isothermal conditions of between 63 and 65°C. As
a result, it requires only simple and cost-effective reaction
equipment that is amenable to use in hospital laboratories. A
second characteristic of the LAMP method is that it has both
high specificity and high amplification efficiency. Since the
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LAMP method uses four primers recognizing six distinct se-
quences on the target DNA, its specificity is extremely high.
This method also exhibits extremely high amplification effi-
ciency, due in part to its isothermal nature: there is no time lost
due to changes in temperature, the reaction can be conducted
at the optimal temperature for enzyme function, and the inhi-
bition reaction that occurs at later stages of amplification, a
typical problem with PCR, is less likely to take place. Thus, this
method could potentially be a valuable tool for the rapid di-
agnosis of infectious diseases in either commercial or hospital
laboratories. Our goal in the present study was to establish a
LAMP-based HHV-6 DNA amplification method and to ex-
amine its reliability in the diagnosis of primary HHV-6 infec-
tion. We found this method to be highly sensitive and specific
and sufficiently reliable in the diagnosis of primary HHV-6
infection.

MATERIALS AND METHODS

Study design. HHV-6 B (Z29) DNA was used as a positive control for deter-
mining appropriate conditions for HHV-6 LAMP and to establish its baseline
sensitivity and specificity. HHV-6 A (U1102), human cytomegalovirus (HCMV)
(AD-169), and HHV-7 (RK) DNA was used for determining the specificity of
HHV-6 LAMP, and a plasmid containing the target sequence of HHV-6 B was
used for determining its sensitivity. Details of each experiment are described
below.

A total of 13 children (eight male and five female, aged between 5 and 18
months) with fever, who attended an outpatient clinic in our university hospital
or Showa hospital, were enrolled into a study assessing the reliability of our
method in the diagnosis of primary HHV-6 infection. Informed consent was
obtained from the parents of all children. Samples (2 ml) of heparinized blood
were collected from the patients in the acute phase (febrile period) and in the

convalescent phase (5 to 10 days after the onset of the illness). HHV-6 isolation
from peripheral blood mononuclear cells (PBMCs), and serological analysis were
carried out to confirm primary HHV-6 infection. Detection of HHV-6 DNA in
either whole blood or plasma in each sample was tested by LAMP. The results
obtained by virological examination and molecular analysis were compared to
assess the reliability of LAMP as an indicator of active HHV-6 infection.

Isolation of HHV-6. The procedures for isolation and identification of HHV-6
have been described elsewhere (1). Briefly, PBMCs were cocultured with cord
blood mononuclear cells in culture medium. The presence of the virus was
determined initially by observing morphological changes of cultured cells, which
had characteristics of pleomorphic, balloon-like large cells, and was confirmed by
specific immunofluorescence staining with monoclonal antibodies to HHV-6
(OHV-3; kindly provided by T. Okuno, Department of Microbiology, Hyogo
Collage of Medicine, Hyogo, Japan).

Serological assay. Immunoglobulin G antibody titers against HHV-6 were
measured by an indirect immunofluorescence assay as described previously (25).
A stain of HHV-6 variant B (FG-1), isolated from an ES patient, was used as the
standard antigen. The antibody titer was defined as the reciprocal of the serum
dilution showing specific fluorescence. A negative result was concluded if the
antibody titer was �8.

DNA extraction. For the experiment in which HHV-6 LAMP was being de-
veloped initially, viral DNA was extracted from HHV-6 A (U1102)-, HHV-6 B
(Z29)-, HCMV (AD-169)-, and HHV-7 (RK)-infected cells by using a QIAamp
blood kit (Qiagen, Chatsworth, Calif.). The same DNA extraction kit was used to
extract DNA from 200 �l of whole blood, and plasma samples were collected
from the patients. After extraction, DNA was eluted in 100 �l of buffer and
stored at �20°C.

LAMP. The LAMP reaction was conducted according to the original reports
described by Notomi et al. (17) and Nagamine et al. (16). The LAMP method
requires a set of four specially designed primers (B3, F3, BIP, and FIP) that
recognize a total of six distinct sequences (B1, B2, B3, F1, F2, and F3) in the
target DNA. Primers for HHV-6 LAMP were designed against the HHV-6 B
U31 gene by using Primer Explorer V software. The location and sequence of
each primer are shown in Fig. 1. BIP for the U31 gene of HHV-6 (H6U31BIP)
consisted of the B1 direct sequence (22 nucleotides [nt]) and B2 complementary

FIG. 1. Location and name of target sequences used as primers for HHV-6 LAMP on the HHV-6 U31 gene (A) and name and sequence of
each primer for HHV-6 LAMP (B). B2c, sequence complementary to B2; F1c, sequence complementary to F1.
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sequence (21 nt). Primer FIP for U31 of HHV-6 (H6U31FIP) consisted of F1
complementary sequence (21 nt) and F2 direct sequence (22 nt). Primers B3
(H6U31B3) and F3 (H6U31F3) for U31 of HHV-6 were located outside of the
F2-B2 regions. Since it has been demonstrated that additional loop primers
increase the amplification efficiency, loop primers for the HHV-6 U31 gene
(H6U31LPB and H6U31LPF) were also synthesized. H6U31LPB consisted of
the LPB sequence, and H6U31LPF consisted of LPF complementary sequence.
The LAMP reaction was carried out in a 25-�l reaction containing 1.6 �M
concentrations (each) of H6U31FIP and H6U31BIP, 0.2 �M concentrations
(each) of outer primers (H6U31F3 and H6U31B3), 0.8 �M concentrations
(each) of loop primers (H6U31LPF and H6U31LPB), a 1.4 mM concentration of
each deoxynucleoside triphosphate, 0.8 M betaine (Sigma, St. Louis, Mo.), 20
mM Tris-HCl, 10 mM KCl, 10 mM (NH4)2SO4, 8 mM MgSO4, 0.2% Tween 20,
8 U of Bst DNA polymerase large fragment (New England Biolabs, Beverly,
Mass.), and 5 �l of target DNA. The mixture was incubated at 63°C for 30 min
by using a conventional heat block. LAMP products were subjected to electro-
phoresis on a 1.5% agarose gel and visualized under UV light after ethidium
bromide staining. Care was taken to avoid contamination between samples:
different rooms were used for DNA extraction, LAMP setup, and gel analysis,
and all pipette tips had filters for aerosol protection.

In order to increase the sensitivity of the LAMP (modified HHV-6 LAMP),
primer concentrations were raised to 2.4 �M (each) of H6U31FIP and
H6U31BIP, 0.4 �M (each) of the outer primers (H6U31F3 and H6U31B3), and
1.2 �M (each) of the loop primers (H6U31LPF and H6U31LPB). Concentra-
tions of other reagents were the same as for the original HHV-6 LAMP protocol.

Cloning of HHV-6 DNA. In order to determine the sensitivity of the HHV-6
LAMP method, a plasmid containing the target DNA sequence was constructed.
First, upstream (H6S1; 5�-CAACATTCTGCACAGAAGATG-3�) and down-
stream (H6S2; 5�-AGCGTGTGCGTATTTAGGAC-3�) primers spanning the
sequences between the F3 and B3 primers were synthesized. HHV-6 DNA (Z29)
was amplified with these two primers by conventional PCR as described else-
where (22). The PCR product was cloned into a pGEM-T vector by using
pGEM-T Vector System II (Promega, Madison, Wis.) according to the manu-
facturer’s instructions. The plasmid (pGEMH6S12) constructed by the system
was used to make standard dilutions for the evaluation of the lower detection
limit of the LAMP protocol.

RESULTS

During assay development, the specificity of the HHV-6
primers was evaluated first. HHV-6 LAMP was performed on
DNA extracted from HHV-6 A (U1102)-, HHV-6 B (Z29)-,
freshly isolated HHV-6 B-, HHV-7 (RK)-, and HCMV (AD-
169)-infected cells. Since the LAMP products consisted of sev-
eral inverted-repeat structures, positive samples demonstrate
many bands of different sizes upon agarose gel electrophoresis.
Although amplified HHV-6 B and HHV-6 A DNA demon-
strated typical ladder patterns as shown in Fig. 2, no LAMP
product was detected in reactions performed with HHV-7 and
HCMV DNA.

The sensitivity of this method was also determined. Serial
dilutions of pGEMH6S12 plasmid were used to determine the
detection limit. The sensitivity of the original HHV-6 LAMP
was 50 copies/tube (Fig. 3A). In order to increase this sensi-
tivity, the protocol was modified by raising the concentration of
each primer, resulting in a twofold increase of the sensitivity, to
25 copies/tube (Fig. 3B).

After these initial validation studies, 13 patients with fever
were tested for HHV-6 by viral isolation, serological analysis,
and HHV-6 LAMP. Whole blood and plasma were tested for
LAMP expansion of HHV-6 DNA. As shown in Table 1,
HHV-6 was isolated from peripheral blood, and significant
increases in HHV-6 antibody titers were demonstrated in eight
patients (cases 1 to 8), indicating that these patients received a
primary HHV-6 infection. In three (cases 1, 3, and 4) of the
eight patients, HHV-6 DNA was detected in blood by the

original HHV-6 LAMP protocol during not only the acute
phase but also the convalescent phase of the infection. Al-
though HHV-6 DNA was not detected by the original HHV-6
LAMP protocol in any of the plasma samples, it was detected
by modified HHV-6 LAMP in all eight plasma samples col-
lected in the acute phase; however, no HHV-6 DNA was de-
tected in any of the plasma samples collected in the convales-
cent phase. HHV-6 was not isolated from the remaining five
patients (cases 9 to 13). Three patients without HHV-6 anti-
body (cases 9 to 11) were considered to be HHV-6 uninfected
patients, and the remaining two patients that were positive for
HHV-6 antibody (cases 12 and 13) were patients with a past
viral infection. All of the whole blood and plasma samples
collected from the HHV-6-uninfected patients (cases 9 to 11)
were negative for HHV-6 DNA. Although HHV-6 DNA was
detected in whole blood samples collected in both the acute
and the convalescent phases from a patient with a past HHV-6
infection (case 12), it was not detected in the plasma samples.

DISCUSSION

Because the majority of cases of primary HHV-6 infection
occur within the first year of life (25), for some infants, ES may
represent the first febrile episode after birth. In Japan, since
parental concern about ES is generally high, most cases are
seen in outpatient clinics. Meanwhile, in the United States, it
has been reported that primary HHV-6 infection accounts for
10% of visits to emergency departments for acute febrile illness
among children under 2 years old (10). In order to differentiate
ES (primary HHV-6 infection), which is generally a benign and

FIG. 2. DNA extracted from Betaherpesvirinae-infected cells was
amplified by using the original HHV-6 LAMP protocol to determine
the specificity of the method. A fresh isolate of HHV-6 B was prepared
from a patient with ES in our institute. Marker, 123-bp DNA ladder
marker.
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self-limited disease, from other severe febrile illness such as
bacterial meningitis, it is important to establish a rapid method
for diagnosing HHV-6 infection. Furthermore, since HHV-6
does on rare occasions cause severe clinical manifestations (2,
3, 11, 21, 28), rapid diagnosis is very important in order to
begin administration of effective antiviral treatment as soon as
possible. In addition to the manifestations of HHV-6 as a
primary infection, it has been demonstrated that reactivation
of the virus in immunocompromised hosts is associated with
several severe clinical presentations (5–8, 20, 26, 29, 30). Thus,
a rapid method of detecting viral infection would likely benefit
in the management of these patients as well.

PCR detection of HHV-6 DNA in PBMCs is now the most
common procedure for monitoring active viral infection in
organ transplant recipients (14, 18). After primary HHV-6
infection, latent infection of PBMCs persists throughout life
(13, 22), thus requiring quantitative PCR to differentiate active
viral infection from latent infection. Because of its accuracy
and rapidity, quantification of HHV-6 load by using real-time
PCR has recently become a popular method for monitoring
active viral infection (12, 23, 31). However, its routine imple-
mentation in hospital laboratories has been impeded by the
need for expensive equipment. In contrast, a recently intro-
duced nucleic acid amplification method, the LAMP method,
has been shown to promote the amplification of DNA under
isothermal conditions with a high specificity and efficiency
comparable to that of traditional PCR (17). Therefore, we
attempted to develop HHV-6 LAMP as a more cost-effective
alternative to quantitative PCR for future use in hospital lab-
oratories. Although HHV-6 LAMP amplified both HHV-6 A
and HHV-6 B DNA, no cross-reactivity was observed between
other Betaherpesvirinae (HHV-7 and HCMV), as shown in Fig.
2. The detection limits of the original and modified HHV-6
LAMP protocols for HHV-6 B DNA were 50 and 25 copies/
tube, respectively. It seems that sensitivity of modified HHV-6

LAMP is at least two times as high as the ginal HHV-6 LAMP.
These findings demonstrate that HHV-6 LAMP has high spec-
ificity and high efficiency in the amplification of viral DNA.
Moreover, all amplification steps are completed in a conven-
tional heat block and require only 30 min to perform. These
two features are major advantages for hospital laboratory use.
In order to detect amplification products, gel electrophoresis
was performed in the present study. Mori et al. (15) have
reported that the formation of LAMP products can be de-
tected as an increase in solution turbidity due to magnesium
pyrophosphate formation. Turbidity measurement of LAMP
products will allow a reduction in operation time, obviating the
need for gel electrophoresis, and reduce contamination risk.
Moreover, quantitative analysis of LAMP products is also pos-
sible by using this method. In order to better optimize the
HHV-6 DNA detection system for hospital laboratory use,
establishment of semiquantitative HHV-6 LAMP is now under
way.

Because HHV-6 can persist in a latent state in PBMCs after
primary infection (13, 22), it has been argued that detection of
viral DNA in PBMCs by sensitive PCR cannot differentiate
between active infection and latent infection in organ trans-
plant recipients. In the present study, three of the four whole
blood samples (cases 1 to 3) collected from patients in the
convalescent phase of primary HHV-6 infection were positive
for HHV-6 LAMP, demonstrating the detection of latently
resident viral DNA. Moreover, whole blood from patients in
both the acute and the convalescent phases of infection were
positive for HHV-6 LAMP in one patient (case 12) with a past
history of HHV-6 infection. These results suggest that the
original HHV-6 LAMP protocol, since it cannot differentiate
between active and latent infection in whole blood samples, is
too sensitive to be used for the monitoring of active viral
infection. It has been proposed, however, that detection of
viral DNA in plasma correlates well with active viral infection

FIG. 3. Serial dilutions of pGEMH6S12 plasmid DNA were amplified by the original (A) and modified HHV-6 LAMP (B) protocols to
determine the respective sensitivities of each assay. Marker, 123-bp DNA ladder marker.
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(19, 27). Although the original HHV-6 LAMP protocol was
not sufficiently sensitive to detect viral DNA in plasma, the
more-sensitive modified HHV-6 LAMP method was able to
detect viral DNA in plasma. Indeed, all eight acute-phase
plasma samples collected from patients with primary HHV-6
infection were positive for HHV-6 LAMP. Furthermore, in all
eight patients, convalescent-phase plasma samples were nega-
tive for HHV-6 LAMP, and all plasma samples collected from
either uninfected patients or patients with past infection were
also negative. These results suggest that detection of HHV-6
DNA in plasma by HHV-6 LAMP may be a valuable tool for
the rapid diagnosis of active viral infection. Since the number
of evaluated cases in the present study was limited, a large
number of cases should be analyzed to confirm the reliability of
this method.

In summary, an HHV-6 DNA detection system using a novel
nucleoside amplification method, LAMP, was developed. This

method is highly specific and highly sensitive. Advantages of
HHV-6 LAMP for use in hospital laboratories are its limited
requirements of simple and cost-effective equipment and a
very short time (30 min) to complete amplification. Although
these are only preliminary results, they suggest that HHV-6
LAMP may be good tool for rapid diagnosis of primary HHV-6
infection.
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