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The reliability of loop-mediated isothermal amplification (LAMP), initially developed for the detection of
human herpesvirus 7 (HHV-7), was evaluated in this study. Although a LAMP product was detected in HHV-7
DNA, neither HHV-6 nor human cytomegalovirus DNA produced a product. When agarose gel electrophoresis
was used for the detection of LAMP products, the sensitivity of a 30-min HHV-7 LAMP reaction reached 250
copies/tube. The use of turbidity for the detection of the LAMP products gave a sensitivity of 500 and 250
copies/tube for 30- and 60-min reactions, respectively. Following these initial validation studies, clinical
samples collected from two patients with primary HHV-7 infections were examined by HHV-7 LAMP. By use
of agarose gel electrophoresis, HHV-7 LAMP products could be detected in acute-phase plasma samples but
no LAMP product was detectable in convalescent-phase plasma samples from either patient. Since a turbidity
assay is less sensitive than agarose gel electrophoresis, no HHV-7 LAMP product could be detected in plasma
samples after a 30-min LAMP reaction. After a 60-min LAMP reaction, HHV-7 LAMP product could be
detected in acute-phase plasma samples.

Human herpesvirus 7 (HHV-7) was originally isolated in
1990 from CD4� T lymphocytes obtained from healthy adults
(4). The virus, belonging to the Betaherpesvirinae subfamily, is
considered to be closely related to HHV-6 based on biological
and molecular analyses (2, 19). Soon after the discovery of the
virus, HHV-7, in addition to HHV-6, was reported to be a
causative agent in exanthem subitum (14, 15). Primary HHV-7
infection usually has a benign and self-limited clinical course
but can in rare instances cause several severe complications
(16, 18). Furthermore, although the clinical features of HHV-7
reactivation remain obscure, several manifestations, including
fatality due to viral reactivation, have been reported for organ
transplant recipients (3, 5, 8, 12, 17, 21). It is therefore impor-
tant to establish a reliable rapid diagnostic procedure for the
detection of active HHV-7 infection. Rapid virological diag-
nosis, however, has proven difficult. Isolation of the virus re-
quires cocultivation with preactivated cord blood mononuclear
cells, a difficult procedure to perform in commercial laborato-
ries. In addition, both viral isolation and serological testing
require substantial time to obtain final results. While rapid
diagnosis by PCR may eventually become practical for the
bedside monitoring of active viral infections, it has not yet
become common in hospital laboratories due to the require-
ment for specific equipment (a thermal cycler).

Recently, Notomi et al. (11) reported a novel nucleic acid
amplification method, termed loop-mediated isothermal am-
plification (LAMP), capable of amplifying DNA under isother-

mal conditions with high specificity, efficiency, and speed. The
most significant advantage of LAMP is the ability to amplify
specific sequences of DNA under isothermal conditions be-
tween 63 and 65°C. This ability allows the method to be per-
formed with only simple and cost-effective reaction equipment
amenable to use in hospital laboratories. We sought to estab-
lish a LAMP-based HHV-7 DNA amplification method and to
examine its reliability in the diagnosis of active HHV-7 infec-
tions.

HHV-7 (RK) DNA was used as a positive control to deter-
mine appropriate conditions for HHV-7 LAMP. This DNA
served to establish LAMP baseline sensitivity and specificity.
DNA from HHV-6A (U1102), HHV-6B (Z29), and human
cytomegalovirus (HCMV) (AD-169) was used to determine
the specificity of HHV-7 LAMP. A plasmid containing the
HHV-7 target sequence (pGEMH7S12) was used to determine
the limits of assay sensitivity.

The LAMP reaction was conducted as described by Notomi
et al. (11) and Nagamine et al. (10). LAMP requires a set of
four specially designed primers (B3, F3, BIP, and FIP) recog-
nizing a total of six distinct sequences (B1 to B3 and F1 to F3)
within the target DNA. Primers for HHV-7 LAMP were de-
signed by using Primer Explorer V software to recognize the
HHV-7 U38 gene (DNA polymerase gene). The location and
sequence of each primer are shown in Fig. 1. BIP, recognizing
the U38 gene of HHV-7 (H7U38BIP), consisted of the B1
direct sequence (22 nucleotides [nt]) and the B2 complemen-
tary sequence (21 nt). Primer FIP, recognizing the U38 gene of
HHV-7 (H7U38FIP), contained the F1 complementary se-
quence (21 nt) and the F2 direct sequence (20 nt). Primers B3
(H7U38B3) and F3 (H7U38F3), complementary to the U38
gene of HHV-7, were located outside the F2 and B2 regions.
Since additional loop primers increase amplification efficiency,
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we also synthesized loop primers for the HHV-7 U38 gene
(H7U38LPB and H7U38LPF). H7U38LPB contained the LPB
sequence, while H7U38LPF contained the LPF complemen-
tary sequence. LAMP was performed with a 25-�l reaction
mixture containing 2.4 �M H7U38FIP and H7U38BIP, each
outer primer (H7U38F3 and H7U38B3) at a concentration of
0.4 �M, and each loop primer (H7U38LPF and H7U38LPB)
at a concentration of 1.2 �M. The mixture was incubated at
63°C for 30 or 60 min, and then a TERAMECS LA200 (Eiken
Chemical, Tokyo, Japan) was used to measure turbidity after
30 or 60 min of LAMP. After the turbidity was measured,
LAMP products were subjected to electrophoresis on a 1.5%
agarose gel.

Real-time PCR was used to measure the quantity of HHV-7
DNA in each sample. Conditions for real-time PCR to quantify
HHV-7 DNA were established by using the U31 gene, encod-
ing the HHV-7 tegument protein, as a target sequence. The
forward primer (H7TA3; 5�-AAAGAATGGTTTTGTTCAAC
TCCAA-3�), the reverse primer (H7TA4; 5�-ACATTCACTT
TGCGTGCATTTTC-3�), and the probe (H7TAP2; 5�-TCAT
CGAGAACATAGGAGAAGCTCCAGCA-3�) recognizing
the gene were designed by using Primer Express (PE Applied

Biosystems, Foster City, Calif.). PCRs were performed with
the TaqMan PCR kit (PE Applied Biosystems) according to
the manufacturer’s protocol. Standard curves for measuring
HHV-7 DNA were constructed by using the CT values ob-
tained from a serially diluted plasmid, pH7TA, which con-
tained HHV-7 U31. The CT value for each sample was plotted
on the standard curve, allowing the copy number to be auto-
matically calculated with Sequence Detector v1.6 (PE Applied
Biosystems).

To develop an efficient assay to detect HHV-7 infection, we
first evaluated the specificity of the HHV-7 primers. Although
amplified HHV-7 DNA demonstrated the typical ladder pat-
terns (Fig. 2), no LAMP products were detected in reactions
performed with HHV-6A, HHV-6B, and HCMV DNA. We
also determined the sensitivity of this method. Serial dilutions
of the pGEMH7S12 plasmid were used to determine assay
detection limits. The detection of HHV-7 LAMP products by
agarose gel electrophoresis gave a sensitivity of 250 copies/tube
for a 30-min reaction (Fig. 3). Detection by the turbidity assay,
however, gave sensitivities of 500 and 250 copies/tube for 30-
and 60-min LAMP reactions, respectively. As the LAMP-pos-
itive samples demonstrated typical time-related changes in tur-

FIG. 1. (A) Locations and names of target sequences used as primers for HHV-7 LAMP within the U38 gene. (B) Name and sequence of each
primer used for HHV-7 LAMP. B2c, sequence complementary to B2; F1c, sequence complementary to F1; LPFc, sequence complementary to
LPF; B3c, sequence complementary to B3.
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bidity described elsewhere (9), positive and negative samples
were easy to discriminate.

After initial validation studies, samples collected from two
patients with primary HHV-7 infections were analyzed by
HHV-7 LAMP. HHV-7 was isolated from peripheral blood
collected during the febrile period (day 1 of the illness). Sero-
conversion of HHV-7 immunoglobulin G antibody titers was
later observed in these patients. Results of HHV-7 LAMP and
real-time PCR are summarized in Table 1. Agarose gel elec-
trophoresis for the detection of LAMP products detected pos-
itive signals in both acute-phase and convalescent-phase blood
samples from patient 1 after a 30-min LAMP reaction. For
patient 2, a positive signal was detected only in acute-phase
blood samples. The HHV-7 LAMP product was detected from
plasma only from acute-phase samples; no LAMP products
were detected in convalescent-phase plasma samples from ei-
ther of these two patients. The turbidity assay detected HHV-7
LAMP products in convalescent-phase blood samples from
patient 1. Moreover, since the turbidity assay is less sensitive
than agarose gel electrophoresis, no HHV-7 LAMP product
could be detected in acute-phase plasma samples from either
patient by this method. Since the turbidity assay is faster and
easier than agarose gel electrophoresis analysis for the detec-
tion of LAMP products, it is suitable for bedside monitoring of
viral infection. Therefore, we have established a protocol for

HHV-7 LAMP with a turbidity assay. After a 60-min LAMP
reaction, HHV-7 LAMP product was detectable in only acute-
phase plasma samples from the two patients regardless of the
detection method used. Copy numbers of HHV-7 DNA in
these samples were also measured by using real-time PCR; the
results of this assay correlated well with the results of HHV-7
LAMP.

HHV-7 LAMP specifically amplified only HHV-7 DNA; no
cross-reactivity was observed for other Betaherpesvirinae
(HHV-6A, HHV-6B and HCMV) (Fig. 2). The detection lim-
its of HHV-7 LAMP with a 30-min reaction were 250 and 500
copies/tube as determined by agarose gel electrophoresis and
by the turbidity assay with the LA200, respectively. Although
the turbidity assay is less sensitive than agarose gel electro-
phoresis, this assay is more appropriate for a bedside monitor-
ing system due to its ease and rapidity. Turbidity gradually
increases during LAMP reaction due to increased numbers of
the amplified product (9). Therefore, the sensitivity of LAMP
is improved when reaction time is increased. The sensitivity of
the turbidity assay after 60 min of LAMP reaction increased to
a level similar to that for a 30-min reaction with agarose gel
electrophoresis analysis being used for detection. These find-
ings demonstrate that HHV-7 LAMP has high specificity and
efficiency for the amplification of viral DNA. Although the

FIG. 2. DNA extracted from Betaherpesvirinae-infected cells was
amplified by the HHV-7 LAMP protocol to determine the specificity
of the method. Marker, 123-bp DNA ladder marker. FIG. 3. Serial dilutions of pGEMH7S12 plasmid DNA were ampli-

fied by HHV-7 LAMP to determine the respective sensitivities of each
assay. Marker, 123-bp DNA ladder marker; N, no template control.
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turbidity assay requires increased time to achieve sensitivity
similar to that of agarose gel electrophoresis analysis, the tur-
bidity assay is likely more appropriate for hospital laboratory
use.

Since HHV-7 can persist in a latent state in peripheral blood
mononuclear cells after primary infection (1, 14), detection of
viral DNA in peripheral blood mononuclear cells by sensitive
PCR may not be able to differentiate between active and latent
infections in organ transplant recipients. In this study, conva-
lescent-phase blood samples collected from patient 1 were
positive for HHV-7 LAMP, demonstrating the detection of
latent resident viral DNA. This result suggests that HHV-7
LAMP with whole blood as a specimen is too sensitive to be
used for the monitoring of active viral infection, as the assay
can detect latently infected viral DNA. Detection of viral DNA
in plasma, however, appears to correlate well with active
HHV-6 infection (13). Similar findings have been reported for
several patients with primary HHV-7 infections (6, 7, 20). In
this study, two acute-phase plasma samples were positive for
HHV-7 after a 30-min LAMP reaction, visualized by agarose
gel electrophoresis analysis. An HHV-7 LAMP product was
not detected in the convalescent-phase plasma samples, sug-
gesting that plasma should be used as specimens for HHV-7
LAMP testing to distinguish between active and latent infec-
tions. The turbidity assay, a more convenient protocol for hos-
pital laboratories, was less sensitive in detecting HHV-7 DNA
in acute-phase plasma samples after a 30-min LAMP reaction.
A 60-min HHV-7 LAMP reaction, however, was sufficient to
detect viral DNA in acute-phase plasma by the turbidity assay.
This protocol provides an effective way to monitor active
HHV-7 infection in hospital laboratories.

Quantities of HHV-7 DNA in the two patients were also
monitored by real-time PCR, currently the most reliable
method to measure copy numbers of viral nucleic acids. The
results of qualitative HHV-7 LAMP (positive and negative)
correspond well to changes in viral load, as determined by
real-time PCR. This result also supports the reliability of
HHV-7 LAMP as a mechanism to monitor active HHV-7 in-
fection. Since only two patients were evaluated in the present
study due to the difficulties in identifying primary HHV-7 in-
fection cases, a larger number of patients with active HHV-7
infections should be examined in future studies to confirm
these results.
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