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ABSTRACT

As molecular biology has developed, several new diagnostic techniques have found application in the
clinical selling. The use of the polymerase chain reaction (PCR) assay to study the molecular biology of
microbial organisms has led to unparalleled advances, largely due to the rapidity with which results can be
obtained. The sensitivity and specificity of PCR detection of viral DNA for diagnostic purposes are remark­
able. With such excellent sensitivity, PCR is destined to become a useful diagnostic tool in herpesvirus in­
fections. However, it is well known that herpesviruses establish latency after primary infections and that
they can often be reactivated under various conditions. Because of the high sensitivity of PCR, detection of
virus sequences by this method does not necessarily imply a disease state. We must be careful not to
overdiagnose conditions in a clinical setting based on a PCR assay.
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INTRODUCTION

Of all the new methods, none has had a greater impact on medical virology than PCR, be­
cause extremely small quantities of a virus genome can be detected by PCR, regardless of the
presence of any infectious virus. Following the original description of PCR in the late 1980s,
this method has become a standard way for molecular biologists to probe host cell function,
particularly to detect genes and the sequencing of DNA. PCR also has tremendous potential for
use in the clinical environment. The sensitivity and specificity of PCR detection of viral DNA
and RNA (by RT-PCR) for clinical diagnosis are excellent. Besides standard qualitative PCR
detection, quantitative assays including real-time PCR can have a strong impact on the diagno­
sis of infectious disease.

(1) Herpes simplex virus CHSV)
Recently, it has been shown that extremely small quantttIes of HSV DNA can be detected

by PCR assay, regardless of the presence of an infectious virus. )·9) Because of its excellent sen­
sitivity, this technique may become a useful diagnostic tool for herpesvirus infections. This pa­
per presents data on use of a PCR assay to detect HSV DNA in neonatal HSV infections and
herpes simplex encephalitis.
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A. Neonatal HSV infections
Neonatal HSV infections are severe conditions with high mortality and morbidity. 10) After

vertical transmission of HSV, neonates develop three types of infections according to the clini­
cal extent of the disease (Table I). First, HSV presents as a disseminated infection that
involves several organs such as the lungs, liver, adrenals and skin with or without central ner­
vous system (CNS) involvement. Second, HSV presents as a infection or encephalitis with or
without skin involvement. Third, HSV presents as a localized skin, eye, and/or mouth (SEM)
infection. III In most cases, isolation of the virus from skin lesions or the mouth is sufficient to
diagnose a neonatal HSV infection. IO

.
ll

) However, skin vesicles appear in only falf of the pa­
tients (Fig. I), and viral recovery from cerebrospinal fluid (CSF) is demonstrable in only 25%­
40% of neonates with encephalitis,IO) and only rarely from blood analysis. 13l

We applied PCR to detect HSV DNA in neonatal infections. 14l For the assay, oligonucleotide
primers and an internal probe were chosen from the DNA polymerase gene. When HSV DNA
existed in the reaction mixture, a 330 base pair (bp) sequence was amplified by the reaction.
For typing of the herpesvirus, the restriction enzymes, Xho I and BgI II were useful for HSV­
I and -2 respectively (Fig. 2). Viral DNA was detected by PCR of specimens taken from the
mouth, skin, sera and/or CSF of neonatal patients with HSV infection. 14l In autopsy cases with
disseminated infections, brain, lung, adrenal and liver tissues were also positive for HSV DNA.
In cases of a CNS infection with skin rash, the virus was isolated from skin lesions. HSV

Table I Clinical Form of Neonatal HSV Infections

Disseminated infection that involves several organs such as the lung, liver, adrenals and skin

with or without CNS involvement; Prognosis: extremely high mortality (80-90% without antivi­

ral treatment).

2 CNS infection or encephalitis with or without skin involvement; Prognosis: 2/3 patients develop

severe neurological sequlae.

3 Localized skin, eye, and/or mouth (SEM) infection; Prognosis: good.

Fig. I. A case of neonatal HSV infection with skin vesicles
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Fig. 2. HSV PCR Assay and Typing

A sequence of 330 bp was amplified by PCR. Cleavage with the restriction enzyme Xhol yielded 241
and 89 bp fragments for HSV-I, whereas BglII yielded 77 and 253 bp fragments for HSV-2. The probe
(PB-I) hybridized with 24 I and 253 bp fragments. Left, results from XhoI; right, results from BglIl; lane
A, HSV-I standard strain KOS; lane B, HSV-2 standard strain 186; lanes I and 2, clinical samples; lanes
I and 2 consisted of HSV-I and HSV-2, respectively.

Table 2 Prolonged Presence of HSV DNA

Disseminated Form: in Serum, occasionally in CSF

CNS Form: in CSF, occasionally in serum

SEM Form: transiently, in Serum or CSF

DNA was frequently detectable by PCR in the CSF and serum samples which were negative
followings virus culture. Moreover, during acute infection in disseminated cases and SEM, the
HSV genome could be found occasionally in both sera and CSF samples.

In our study,'4) 5 (71%) of 7 patients were positive for HSV DNA by PCR in sera and 4
(57%) of 7 in CSF. In terms of the duration of positive PCR, the prolonged presence of HSV
DNA in the CSF was observed until days 7-13 of therapy. Thus, prolonged detection of HSV
DNA was observed during antiviral therapy (with acyclovir or araA) in the CSF and/or sera of
infants with neonatal HSV infections as shown in Table 2. In neonatal HSV infections, PCR is
a useful and highly sensitive technique for diagnosis of culture-negative cases and for assess­
ment of the prolonged presence of HSV DNA in specimens of those terated with an antiviral
agent.
B. Herpes simplex encephalitis

Herpes simplex encephalitis (HSE) is a severe disease with high mortality and morbidity'S)
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(Fig. 3). With the advent of effective antiviral therapy, the outcome of patients with HSV has
improved,16) and early diagnosis has become more important. HSV is rarely cultured from CSF,
but in cases of HSE, culturing from any other source is pointless. Intrathecal HSV antibody
synthesis or the presense of virus antigens in CSF may sometimes appear negative in the early
stages of infection. 17·20) Isolation of HSV from brain tissue after biopsy has been considered the
reference standard for the diagnosis of HSE. 15) However, in several countries routine brain
biopsy remains controversial.

The rapid and safe diagnosis of HSE using PCR was first reported by Rowley et al. in
1990.8

) The technique showed that CSF from patients with HSE, confirmed by brain biopsy
analysis or by serologic examinations, was positive for HSV DNA.8

.
21 ) Figure 4 illustrates the

presence of HSV DNA in the CSF of S patients with HSE during its acute phase. The pres­
ence of HSV DNA in CSF continued for 3 to 18 days after the neurologic onset (mean: 10

days).22) For early diagnosis effectiveness, the detection of HSV DNA by PCR assay and HSV
antibody by ELISA in CSF were compared.22) The PCR assay became positive significantly ear­
lier than CSF-ELISA (4.4 vs 8.9 days after the onset of the disease, P < 0.01). Figure S shows
the time for PCR assay diagnosis of HSE. A 10 year-old boy was admitted to the Hospital 3
days after becoming unconsciousness with a fever. After the detection of HSV DNA in CSF
on admission, acyclovir was administrated for 2 weeks (30 mg/kg/day). PCR assay tests for
HSV DNA in CSF remained positive until day 6, but turned negative on day 10, whereas an
Anti-HSV antibody test on CSF was elevated on day 10.

Recently, Lakeman et alY) reported that HSV DNA was detected by PCR assay in CSF of
S3 (98%) of S4 patients with biopsy-proven HSE and was detected in all 18 CSF specimens
obtained before brain biopsy from patients with proven HSE. Positive results were found in 3
(6%) of 47 patients whose brain tissue was culture-negative. The sensitivity was 9S% and

A B

Fig. 3. Brain CT of the patient with HSE
A: 4 days and B: 30 days after neurological onset.
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Fig. 4. HSV DNA in CSF of patient HSE
Lanes 1-5: in five patients with HSE, HSV DNA was amplified at 330 bp before the start of antiviral
therapy. Lanes 6- I I: CSF of other viral encephalitis (varicella, measles, mumps, rubella).
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Fig. 5. Application of PCR assay for HSE diagnosis

specificity was 94%. Recently, we have also shown that specificity of the PCR assay in the
diagnosis of HSE is approximately 95% (data not shown). Taken together, we conclude that
PCR detection of HSV DNA should be the new standard for HSE diagnosis.
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Relapse of HSE
In our study, PCR assay was used for serial examinations of CSF samples from 15 children

with HSE, four of whom had a relapse following antiviral treatment. 22
) Four patients had fever,

altered consciousness, focal neurologic symptoms, re-elevation of white blood cells, and in­
creased protein concentration following antiviral therapy. Serial examination by PCR assay
showed that HSV DNA reappeared temporarily in 2 of the 4 recurrent cases (Fig. 6). By com­
parison, there was no such reappearance of virus DNA in any of the CSF for nonrecurrent pa­
tients. Interestingly, the duration of the initial treatment with acyclovir in the recurrent group
was significantly shorter than that in the nonrecurrent patients. Recurrent cases also responded
well to a second course of acyclovir therapy. It is therefore suggested that a comparatively
shorter duration of initial acyclovir therapy may have caused regrowth of residual viruses or
reactivation and led to a relapse of encephalitis. 22l Using PCR, we have recently demonstrated
the clinical features of HSE in childhood as shown in Table 3.24

)

330bp

A
4 6 11 28 39 65

B
2 8 15 20 24 29 61

Fig. 6. Serial detection of HSV DNA in CSF of recurrent patients (ref. 22)
CSF was examined by the polymerase chain reaction assay, and amplified products were shown by
Southern blot hybridization. The number at the top indicates the day after onset. bp =base pairs. A: CSF
was positive on days 4, 6, and 39. B: CSF was positive on days 2, 8, 15, and 24.

Table 3 Clinical eharaeteristies of patients with PCR-proven-encephalitis

Characteristic HSE (%) Non-HSE (%)

Fever 100 (24/24)" 85 (32/38)

Convulsion 92 (22/24) 74 (28/38)

Initial neurologic symptoms

Convulsion 45 (9/20) 40 (15/37)

Altered consciousness 35 (7/20) 57 (21/37)

Dysarthria 15 (3/20) 3 (1/37)

Glasgow Coma Scale on admission

~ II 9 (2/23) 13 (4/29)

7-10 35 (8123) 21 (6/29)

~6 56 (13123) 66 (19/29)

a Numbers in parentheses represent the number of total patients surveyed and those presenting the

given symptom (ref. 24)
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Quantification of HSV DNA in CSF
The question arose of "how many viruses exist 111 the CSF of patients with herpes simplex

encephalitis?" HSV DNA in the CSF of children with HSE was quantified using the PCR as­
say.25) During the acute phase, HSV DNA was detected in the CSF of 13 patients with HSE,
including 5 neonates (neonatal HSV infection CNS form). The number of HSV DNA copies in
the CSF were estimated using standard DNA fragments of HSV -1 and HSV-2. The amount of
HSV DNA in the initial CSF ranged from approximately 100-100,000 copies/ml. A signifi­
cantly greater number of HSV DNA copies was detected in neonates (neonatal herpes) than in
older children (mean 3.9 vs. 2.5, loglO copies/ml, p < 0.05). As shown in Figure 7, serial
DNA quantification showed that the HSV genome in CSF decreased along with acyclovir
therapy. It has been reported that HSV replication in the brain decreased in patients receiving
vidarabine therapy, but not in those that received a placebo.221 Therefore, the reduction in HSV
DNA observed here was not a result of the natural course of the disease, but due to the antivi­
ral treatment. Moreover, Domingues et a1. 26) suggested that the amount of viral DNA in CSF
correlates with the severity of the disease. Thus a serial quantitative PCR assay is useful in es­
timating whether antiviral agents are effective in curbing the spread of HSV.

Quantitative PCR assay also revealed that neonates with HSE had significantly more HSV
DNA copies in their CSF than older children with HSE.25) This finding concurs with other
studies that show that CSF cultures from 25-40% of neonates with HSE yield virus, 10.23)

whereas HSV is rarely isolated from CSF in older children and adults with HSE.26
) This phe­

nomenon may be due to the permissiveness of immature brain cells, HSV replication and/or a
defective immunoresponse, particularly in the cell-mediated immunoresponse among neonates.
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Fig. 7. Quantification of HSV DNA in cerebrospinal fluid (ref. 25)
The number of serial HSV DNA copies in I ml of CSF from patients with HSE. Closed circles and open
squares indicate neonates and older children, respectively. The sensitivity of the PCR assay (dotted line)
was - I00 copies/ml of CSF.
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In order to clarify virus entry into CNS, the distribution of HSV DNA in neonatal HSV in­
fections and HSE in older children was examined. The results of PCR assays in neonatal HSV
infections were compared with those in older children with HSE. 14

) When sera were examined
in disseminated cases, 8 out of 12 neonates were PCR positive, while only lout of 20 chil­
dren (~I yr old) were positive (p < 0.05 as shown in Fig. 8). Hence we speculate that, first,
HSV viremia may occur but disappear before the onset of neurologic manifestations in older
children with HSE. Second that, in neonates, HSV may be spread principally by the
hematogeneous route, with subsequent replication at distant sites such as the liver, lung and/or
CNS. On the other hand, HSE in older children or adults may result from intraneuronal spread
of the virus, possibly without a hematogeneous component.

(2) Human cytomegalovirus (HCMV)
Anyone who is recovering from an acute infection may carry CMV in the urine, throat, and

occasionally blood for months. Patients with congenital or perinatal infections and immunosup­
pressed patients with transplants, the human immunodeficiency virus (HIV) infection or AIDS
are often chronic virus carriers for years. The isolation of HCMV from such patients requires
careful clinical interpretation.
Diagnosis of HCMV diseases

To achieve on early diagnosis, the time required has been shortened to 48 hours using
cytospin and monoclonal antibody to detect viral cytopathology before it becomes visible (shell
vial method). Detection of antigenemia in circulating neutrophils has been shown to be a sensi­
tive and clinically useful method of detecting viremiaY-29) Monoclonal antibodies against a
CMV matrix protein, pp65, are used in this assay. Labeled, cloned, viral nucleic acid probes
have also been used to detect virus DNA or RNA in specimens by nucleic acid hybridization.
Hybridization methods have been applied to clinical specimens such as buffy coats or tissue
specimens. 30)

Recently, peR has been used for the diagnosis of HCMV diseases. 31
-33} As Spector et a1. 34

)

showed in HIV-infected patients with HCMV disease, determination of cell-free viral DNA

HSV DNA in SERA before Initiation of ACV
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Fig. 8. Comparison of neonates and children with encephalitis in terms of HSV DNAemia
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could be important in evaluating progression of the disease.
Quantitative PCR assay in CMV infections

In our previous study,JS) quantitative PCR applied to lung tissue from bone marrow trans­
plant (BMT) recipients found that strong PCR signals correlated with the presence of HCMV
pneumonitis, determined by virus isolation and HCMV-specific histology. These results are in
agreement with those of a previous report that used the conventional DNA hybridization tech­
nique to analyze human HCMV DNA in lungs from BMT recipients, and showed that a quan­
titative PCR assay could be useful as a diagnostic procedure for HCMV pneumonitis. A further
study on quantitative PCR assay has also been reported by Rasmussen et a1. J1 )

In their study, the CMV DNA copy number in white blood cells from both HIV-seronega­
tive and HIV-seropositive patients was detected and quantified. Significantly, higher copy num­
bers of HCMV DNA were detected in HIV-seropositive patients with retinitis than in either
patients with CD4 cell counts of < IOO/mmJ and no symptomatic HCMV disease or HIV-sero­
positive patients with CD4 cell counts of >100/mmJ. Prospective monitoring for increases in the
HCMV DNA copy number may allow identification of HIV-seropositive patients who are at
imminent risk of developing symptomatic HCMV retinitis.
Detection of CMV mRNA sequences

]n view of the somewhat difficult interpretation of diagnostic parameters such as CMV-spe­
cific antibodies or CMV DNAemia or antigenemia, which are frequently observed in
immunocompromised individuals but often associated with asymptomatic infections, the demon­
stration of actively replicating virus by mRNA detection could possibly allow the estimation of
the relevance of the particular findings for an individual patient. With the chosen primers we
detected CMV-specific mRNA sequences in PBL of actively infected patients by means of the
RT-PCR technique. JS ) Aside from one report on the detection of MIE mRNA in I patient, this
is the first longitudinal demonstration of CMV mRNA for both structural and nonstructural pro­
teins by this technique during active infection in humans. Although the technique presented
does not make it possible to define exactly the cell type from which mRNA was derived, the
granulocyte fraction might be the main source.

These findings suggest that a certain profile of viral transcripts, which certainly has to be
further differentiated, could possibly yield some kind of prognostic relevance in actively in­
fected patients, which in turn could provide the basis for a well-calculated prophylactic treat­
ment, perhaps with ganciclovir.
Studies of Qrgan Transplant Recipients

]n the study of Meyer-Konig et al.,J2) peripheral blood leukocytes of renal transplant recipi­
ents were investigated to compare the following markers of HCMV infection: pp65 antigen by
indirect immunofluorescence, viral DNA by nested polymerase chain reaction (PCR), and imme­
diate early (IE) and late (ppI50) mRNA by nested PCR following reverse transcription. Sixty­
five patients were monitored weekly for 20 weeks after transplantation. ]n 76 samples from 20
patients positive for HCMV DNA by PCR, HCMV mRNA was detectable amounts of IE and
ppl50 mRNA were positively correlated with high numbers of pp65 antigen-positive cells and
confirmed the significance of the pp65 antigen as a marker for active viral replication. How­
ever, with respect to the early diagnosis of HCMV-related disease and the monitoring of antivi­
ral therapy, the test for viral mRNA was not superior to the pp65 antigen test.

]n another study by Patel et al.,J6) consecutive liver transplant recipients (LTR) were studied
using PCR of serum and peripheral blood mononuclear cells, reverse transcription (RT)-PCR of
peripheral blood mononuclear cells, and viral blood culture for HCMV infection. These tech­
niques were also used to predict the occurrence of HCMV infection. For diagnosis of symp­
tomatic CMV infections, the sensitivity and specificity of the different techniques were as fol-
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lows: PCR of serum, 100% and 45%; RT-PCR, 25% and 97%; PCR of peripheral blood mono­
nuclear cells, 83% and 35%; and blood culture, 83% and 86%, respectively. PCR of serum was
positive in 83% of patients with symptomatic infection before onset compared with 17% posi­
tive by blood culture. Viral blood culture remained was the best technique to diagnose symp­
tomatic CMV infection.

Preemptive therapy is a promising approach for the management of HCMV infection in
LTR. However, for this CMV therapy, it is necessary to have a laboratory marker (or patient
characteristic) that identifies a subgroup of subjects at high risk for symptomatic infection, but
before its occurrence, so that antiviral intervention can be maximally effective in aborting the
impending disease process. From this point of view, we now apply the real-time PCR assay to
monitor CMV diseases in organ and bone marrow transplant patients (Tanaka N et a!. data not
shown).

(3) EB virus
Epstein-Barr virus (EBV), which is ubiquitous in humans, is a causative agent of infectious

mononucleosis (1M), fatal 1M, EBV-associated hemophagocytic syndrome (EBVAHS), chronic
active EBV infection (CAEBV), and Iymphoproliferative disorders. 36-38) Primary EBV infection
in infants and younger children rarely manifests as typical 1M, which is a self-limiting dis­
ease.3.\) The last four diseases are usually severe and potentially fataI. 37 ,40) Besides, in patients
with immunodeficiency such as patients with severe combined immunodeficiency and BMT re­
cipients, EBV could cause life-threatening diseases such as fatal 1M or B-cell lymphopro­
Iiferative disorders. 38-41)

Virus DNA in the peripheral blood lymphocytes of patients with 1M has been detected by
PCR assay.42) Virus DNA was detected in the peripheral blood lymphocytes of between 54 and
94% EBV-seropositive healthy individuals,43,44) since latently infected lymphocytes are present in
about I in 106 lymphocytes.45) Virus DNA in the mononuclear cells (MNCs) of patients with
Iymphoproliferative disease was also detected and quantified as a useful marker for monitoring
patients and predicting the progression of the disease.46) Recently, cell-free EBV DNA has also
been detected in the serum of patients with IM.47) Here we present the quantification data of
EBV DNA in plasma by PCR assay during the acute and convalescent phases of IM48) (Fig.
9). The patients included 20 patients with 1M and 38 healthy children (20 EBV seropositive
and 18 EBV seronegative). In patients with 1M, plasma samples were positive for EBV DNA
in all patients (100%) in the acute phase and in 44% of the patients in the convalescent phase,
but plasma samples from the 38 healthy control children, either seropositive or seronegative,
were all negative for EBV DNA (Table I). Quantitative PCR assay revealed that plasma from
patients with 1M contained the highest amount of virus DNA within 7 days following the onset
of the disease (mean: 6 x 104 copies per ml). The EBV DNA concentration decreased there­
after as the patients recovered (Fig. 8). Recently, Gan et a1.47) repOited the detection of cell-free
EBV DNA in the serum of two patients with acute 1M. We confirmed the result and found
that the presence of EBV DNA in plasma is a common phenomenon in patients with 1M.

Quantitative analysis of cell-free EBV DNA in plasma was also applied to patients with
other severe EBV-associated diseases. 48) The number of virus DNA copies in plasma samples
from patients with fatal 1M was more than 100 times higher (3 x 107 copies per ml) than the
average copy number in patients with nonfatal 1M, suggesting that far more virus replication
occurred in patients with fatal 1M. EBVAHS is a nonneoplastic, generalized histiocytic prolif­
eration with marked hemophagocytosis associated with a systemic viral infection. In the course
of disease lasting several weeks to months, patients have fever, hepatosplenomegaly, pancytope­
nia, liver dysfunction, coagulopathy, and histiocytic hyperplasia with prominent hemophago-
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Fig. 9. Quantification of EBV DNA in 1M plasma (ref. 48)
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Fig. 10. Quantification of EBV DNA in the plasma of patients with various EBV-associated diseases (ref. 48)
lA, acute phase of 1M (n = 13); IB, convalescent phase of 1M (n = 9); 2A, acute phase of EBVAHS (n
=4); 2B, convalescent phase of EBVAHS (n =4); 3, fatal 1M (n = 2); 4, CAEBV (n =4); 5, healthy in­
dividuals including EBV-seropositive and EBV-seronegative children (n = 38). Two patients with CAEBV
had a higher EBV DNA titer when their titer clinical state deteriorated (*). The dashed line indicates the
sensitivity of the PCR assay.
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cytosis in bone marrow..J91 The amount of virus DNA in patients with EBVAHS similarly de­
creased in the convalescent phase (5 x 105 copies to 2 x 104 copies per ml). Patients with
CAEBV often develop life-threatening complications over the course of months to several
years ..J71 The clinical features are intermittent or persistent fever, lymphadenopathy, hepatosple­
nomegaly, and a tendency to pancytopenia and polyclonal gammopathy..17I Virus DNA copy
numbers in the plasma of four patients with CAEBV were almost the same as numbers in the
plasma of patients in the acute phase of 1M. However, 2 patients had higher titers of EBV
DNA when their clinical status deteriorated. This suggested that the viral burden was related to
the clinical signs and symptoms of CAEBV.

These data suggest that the presence of cell-free EBV DNA in plasma is a common phe­
nomenon in patients with EBV-associated diseases. The concentration of EBV DNA in plasma
seems to be higher in patients with the more severe clinical categories of EBV diseases. This
assay can be applied to estimate the efficacy of therapeutic agents in patients with EBV-associ­
ated diseases in the future.

(4) Current problems in PCR assay
For clinical application, numerous unsolved questions remain regarding use of the PCR as­

say. It is well known that herpesviruses establish latency after primary infection and often be
reactivated under various conditions. This finding indicates that detection of virus sequences by
PCR does not imply disease association caused by the viruses. PCR results often lead to mis­
diagnosis from this point of view. To solve this question, we propose three approaches as
shown in Table 4. First, select assay materials where the virus genome is undetectable by PCR
in sero-positive healthy individuals, such as CSF in HSE or serum in CMV and EBV infec­
tions. Second, use a quantitative PCR assay for any sample where, the virus might be contami­
nated, such as lung tissues with infiltration of infected mononuclear cells in HHV-6 related
pneumonitis in immunocompromised patients. Third, samples for assay should be chosen very
carefully because detection of mRNA sequences by RT-PCR also indicates active replication of
the virus. Standardization of PCR assay is another important issue.49

) In order to control the
quality of the assay, colloborative study of each laboratory is necessary. Until then, clinical use
of the PCR assay should be limited to selected laboratories.

(5) Recent Progress in PCR assay-qualitation to quantitative assay
Real time-laser scanning coupled with a fluorogenic probe is a new technique to quantify a

large number of amplified products rapidly and accurately. Using this system, it is possible to

Table 4 Important issues in clinical application of PCR assay

1. Assay materials must be carefully selected from areas where the virus genome is undetectable by PCR, even in

seropositive healthy individuals; for example, CSF in HSE or serum/plasma in HCMV and EBV infections.

2. For samples where the virus genome may be contaminated, such as lung tissues with infiltration of infected

mononuclear cells in HCMV or HHV-6 related pneumonitis in immunocompromised patients, quantitative PCR

could be useful. Significantly higher amounts of viral genome in infected tissues could exclude the possibility

of contamination and/or asymptomatically reactivated virus.

3. Detection of mRNA sequences by RT-PCR also indicates active replication of the virus in target cells or

tissues.

4. Standardization of laboratory PCR assay evaluation is also important.
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analyze a large number of samples within a few hours. We have shown that this system is
applicable to the quantitation of EBV load in patients with symptomatic infections.50

) Its accu­
racy and reproducability are excellent. Furthermore, this system eliminates the precautions that
must be taken with amplified products to avoid contamination because of its completely sealed
condition. Our results also indicate that the real-time PCR assay is useful for diagnosing symp­
tomatic EBV infections and for monitoring the virus load in various EBV-associated diseases
such as LPD in immunocompromised patients.

CONCLUSION

Progressing beyond simple detection of PCR products has led to the development of quanti­
tative assays which can be correlated with outcome evaluations. These quantitative assays have
now been applied to the study of HSV infections of the CNS, EBV in LPD in an immuno­
compromised hose, and several hepatitis viruses. These techniques have also been applied to the
monitoring of the therapeutic response to antiviral medications, evalution of the predictability of
PCR detection products with disease occurrence and the definition of the spectrum of illness
caused by microbial agents.

REFERENCES

l) Saiki, R.K., Gelfand, D.H., Stoffel, S., Scharf, S.1., Higuchi, R., Horn, G.T., Mullis, K.B., Erlich, H.A.:
Primer-directed enzymatic amplification of DNA with a thermostable DNA polymerase. Science, 239, 487­
491 (1988).

2) Demmler, G.J., Buffone, G.J., Schimbor, C.M., May, R.A.: Detection of cytomegalovirus in urine from new­
borns by using polymerase chain reaction DNA amplification. J. Infect. Dis., 158, 1177-1184 (1988).

3) Duggan, D.B., Ehrlich, G.D., Davay, F.P., Kwok, S., Sninsky, 1., Goldberg, 1., Baltrucki, L., Poiesz, B.J.:
HTLV-I induced lymphoma mimicking Hodgkin's disease. Diagnosis by polymerase chain reaction amplifi­
cation of specific HTLV-I sequences in tumor DNA. Blood, 71, 1027-1032 (1988).

4) Kaneko, S., Miller, R.H., Feinstone, S.M., Unoura, M., Kobayashi, K., Hattori, N., Purcell, R.H.: Detection
of scrum hepatitis B virus DNA in patients with chronic hepatitis using the polymerase chain reaction assay.
Proc. Natl. Acad. Sci. USA, 86, 312-316 (1989).

5) Kwok, S., Mack, D.H., Mullis, K.B., Poiesz, B., Ehrlich, G., Blair, D., Friedman-Klein, A., Sninsky, 1.1.:
Identification of human immunodeficiency virus sequences by using in vitro enzymatic amplification and oli­
gomer cleavage detection. 1. Virol., 61, 1690-1694 (1987).

6) Shibata, D.K., Arnheim, N. and Martin, W.J.: Detection of human papilloma virus in paraffin-embedded tis­
sue using the polymerase chain reaction. J. Exp. Med., 167,225-230 (1988).

7) Sixbey, 1.W., Shirley, P., Chesney, P.J., Buntin, D.M., Resnick, L.: Detection of a second widespread strain
of Epstein-Barr virus. Lancet, 2, 761-765 (1989).

8) Rowley, A.H., Whitley, R.J., Lakeman, F.D., Wolinsky, S.M.: Rapid detection of herpes-simplex-virus DNA
in cerebrospinal fluid of patients with herpes simplex encephalitis. Lancet, 335, 440-441 (1990).

9) Kimura, H., Shibata, M., Kuzushima, K., Nishikawa, K., Nishiyama, Y., Morishima, T.: Detection and direct
typing of herpes simplex virus by polymerase chain reaction. Med. Microbiol. llI1l11l1nol., 179, 77-84 (1990).

10) Whitley, R.J.: Herpes simplex virus infection. In: Infections diseases of the fetlls and newborn infant, edited
by Remington, 1.S. and Klein, 1.0., pp.282-305 (1990), W.B. Saunders, Philadelphia.

II) Whitley, R.1., Corey, L., Arvin, A., et al.: Changing presentation of herpes simplex virus infection in neo­
nates. J. Infect. Dis., 158, 109-116 (1988).

12) Whitley, R.J., Nahmias, A.J., Vinstine, A.M., Fleming, c.L., Alford, C.A.: The natural history of herpes sim­
plex virus infection of mother and newborn. Pediatrics, 66, 489-494 (1980).

13) Ch'ien, L.T., Whitley, R.1., Nahmias, A.1., Lewin, E.B., Linnemann, C.C., Frenkel, L.D., Bellanti, 1.A.,
Buchanan, R.A., Alford, C.A.: Antiviral chemotherapy and neonatal herpes simplex virus infection: a pilot
study-experience with adenine arabinoside (ara-A). Pediatrics, 55, 678-685 (1975).

14) Kimura, H., Futamura, M., Kido, H., Ando, T., Goto, M., Kuzushima, K., Shibata, M., Morishima, T.: Detec-



96

Tsuneo Morishima

tion of viral DNA in neonatal herpes simplex virus infections: Frequent and prolonged presence in selUm and
cerebrospinal fluid. 1. Infect. Dis., 164,289-293 (1991).

15) Whitley RJ.: Viral encephalitis. N. Engl. .I. Med., 323, 242-250 (1990).
16) Whitley, RJ., Alford, e.A., Hirsch, M.S., et al.: Vidarabine versus acyclovir therapy in herpes simplex en­

cephalitis. N. Engl. .I. Med., 314, 144-149 (1986).
17) Klapper, P.E., Laing, I. and Longson, M.: Rapid non-invasive diagnosis of herpes encephalitis. Lancet, ii,

607-609 (1981).
18) Skoldenberg, B., Forsgren, M., Alestig, K., Bergstom, T., Burman, L., Dahlqivist, E., Forkman, A., Fryden,

A.: Acyclovir versus vidarabine in herpes simplex encephalitis: randomized multicentre study in consecutive
Swedish patients. Lancet, ii, 707-711 (1984).

19) Kahlon, J., Chatterjee, S., Lakeman, F.D., Nahmias, AJ., Whitley, RJ.: Detection of antibodies to herpes
simplex virus in the cerebrospinal fluid of patients with herpes simplex encephalitis. J. b(fect. Dis., ISS, 38­
44 (1987).

20) Lakeman, F.D., Koga, J. and Whitley, RJ.: Detection of antigen to herpes simplex virus in cerebrospinal
fluid from patients with herpes simplex encephalitis. 1. Infect. Dis., 155, I In-I 178 (1987).

21) Aurelius, E., Johansson, B., SkOldenberg, B., Staland, A., Forsgren, M.: Rapid detection of herpes simplex
encephalitis by nested polymerase chain reaction assay of cerebrospinal fluid. Lancet, 337, 189-192 (1991).

22) Kimura, H., Aso, Y., Kuzushima, K., Hanada, N., Shibata, M., Morishima, T.: Relapse of herpes simplex en­
cephalitis in children. Pediatrics, 89, 891-894 (1992).

23) Lakeman, F.D., Whitley, RJ.: Diagnosis of herpes simplex encephalitis: Application of polymerize chain re­
action to cerebrospinal fluid from brain-biopsied patients and correlation with disease. J. Infect. Dis., 171,
857-863 (1995).

24) Ito, Y., Ando, Y., Kimura, H., Kuzushima, K., Morishima, T.: Polymerase chain reaction-proved herpes sim­
plex encephalitis in children. Pedialr. Infect. Dis. 1., 17, 29-32 (1998).

25) Ando, Y., Kimura, H., Miwata, T., Kudo, T., Shibata, M., Morishima, T.: Quantitative analysis of herpes
simplex virus DNA in cerebrospinal fluid of children with herpes simplex encephalitis. J. Med. Viral. 41,
170-173 (1993).

26) Domingues, R.B., Lakeman, FD., Mayo, M.D., Whitley RJ.: Application of competitive PCR to cerebrospi­
nal fluid samples from patients with herpes simplex encephalitis. J. Clin. Microbial., 36, 2229-2234 (1998).

27) Nahmias, AJ., Whitley, RJ., Vinsintine, A.N., Takei, Y., Alford, e.A.: Herpes simplex virus encephalitis:
Laboratory evaluations and their diagnostic significance. J. Ir(fect. Dis., 145, 829-836 (1982).

28) van der Bij, W., Torensma, R., van Son, WJ., Anema, 1., Schirm, 1., Tegzess, A.M.: Rapid immunodiagnosis
of active cytomegalovirus infection by monoclonal antibody staining of blood leucocytes. J. Med. Virol., 25,
179-188 (1988).

29) Bein, G., Bitsch, A., Hoyer, J., Kirchner, H.: The detection of human cytomegalovirus immediate early anti­
gen in peripheral blood leucocytes. J. Immunol. Methods, 137, 175-'180 (1991).

30) Chou, S. and Merigan, T.e.: Rapid detection and quantification of human cytomegalovirus in urine through
DNA hybridization. N. Engl. J. Med., 308, 921-925 (1983).

31) Rasmussen, L., Morris, S., Zipeto, D., Fessel, J., Wolitz, R., Dowling, A., Merigan, T.e.: Quantification of
human cytomegalovirus DNA from peripheral blood cells of human immunodeficiency virus-infected patients
could predict cytomegalovirus retinitis. J. Infect. Dis., 171, 177-182 (1995).

32) Meyer-Konig, U., Serr, A., von Laer, D., Kirste, G., Wolff, C., et al.: Human cytomegalovirus immediate
early and late transcripts in peripheral blood leukocytes: diagnostic value in renal transplant recipients . .I.
Infect. Dis., 171,705-709 (1995).

33) Bitsch, A., Kirchner, H., Duple, R., Bein, G.: Cytomegalovirus transcripts in peripheral blood leukocytes of
actively infected transplant patients detected by reverse transcription-polymerase chain reation. J. Infect. Dis.,
167, 740-743 (1993).

34) Spector, S.A., Merrill, R., Wolf, D., Dankner, W.M.: Detection of human cytomegalovirus in plasma of
AIDS patients during acute visceral disease by DNA amplification. J. Clin. Microbial., 30, 2359-2365
(1992).

35) Shibata, M., Terashima, M., Kimura, H., Kuzushima, K., Yoshida, J., Horibe, K., Morishima, T.: Quantifica­
tion of cytomegalovirus DNA in lung tissue of bone maITOW transplant recipients. Hum. Pathol., 23, 911-915
(1992).

36) Patel, R., Smith, T.F, Epsy, M.: A prospective comparison of molecular diagnostic techniques for the early
detection of cytomegalovirus in liver transplant recipients. J. Infect. Dis., 171, 1010-1013 (1995).

37) Okano, M., Matsumoto, S., Osato, T., Sakiyama, Y., Thiele, G.M., Purtilo, D.T.: Severe chronic active
Epstein-Barr virus infection syndrome. Clin. Microbil. Rev., 4, 129-135 (1991).

38) Morishima, T. and Kuzushima, K.: Adoptive immune therapy for EB virus-associated Iymphoproliferative



97

DIAGNOSIS OF HERPES VIRUS INFECTIONS

disorders. Conn Monograph on Cancer Research, 45, 175-185 (1998).
39) Risdall, R.1., Mckenna, R.W., Nesbit, M.E., Krivit, W., Balfour, H.H., Simmons, R.L., Brunning, RD.: Virus

associated hemophagocytic syndrome. Cancer, 44, 993-1002 (1979).
40) Kikuta, H., Sakiyama, Y., Matsumoto, S., Ohishi, T., Nakano, T., Nagashima, T., Oka, T., Hironaka, T.,

Hirai, K.: Fatal Epstein-Barr virus-associated hemophagocytic syndrome. Blood, 82, 3259-3264 (1993).
41) Mroczek, E.C., Weisenburger, D.C., Grierson, H.L., Markin, R., Purtilo, D.T: Fatal infectious mononucleosis

and virus-associated hemkophagocytic syndrome. Arch. Palhol. Lab. Med., 111,530-535 (1987).
42) Telenti, A., Marshall, W.F. and Smith, TF.: Detection of Epstein-Barr virus by polymerase chain reaction. J.

Clin. Microbiol., 28, 2187-2190 (1990).
43) Gopal, M.R., Thomson, B.1., Fox, l., Tedder, R.S., Honess, R.W.: Detection by PCR of HHV-6 and EBV

DNA in blood and oropharynx of healthy adults and HIV-seropositives. Lancel, 30, 1598-1599 (1990).
44) Wagner, H.1., Bein, G., Bitsch, A., Kirchner, H.: Detection and quantification of latently infected B lympho­

cytes in Epstein-Ban' virus-seropositive, healthy individuals by polymerase chain reaction. J. Clin. Microbial.,
30, 2826-2829 (1992).

45) Rocchi, G., Felici, A., Ragona, G., Heinz, A.: Quantitative evaluation of Epstein-Barr-virus-infected mono­
nuclear peripheral blood leukocytes in infectious mononucleosis. N. Engl. ./. Med., 20, 132-134 (1977).

46) Riddler, S.A., Breining, M.C. and McKnight, l.L.C.: Increased levels of circulating Epstein-Barr virus (EBV)­
infected lymphocytes and decreased EBV nuclear antigen antibody responses are associated with the develop­
ment of post-transplant Iymphoproliferative disease in solid-organ transplant recipients. Blood, 84, 972-984
(1994).

47) Gan, Y., Sullivan, l.L. and Sixbey, l.W.: Detection of cell-free Epstein-Barr virus DNA in serum during
acute infectious mononucleosis. 1. Injecl. Dis., 170,436-439 (1994).

48) Yamamoto, M., Kimura, H., Hironaka, T., Hirai, K., Hasegawa, S., Kuzushima, K., Shibata, M., Morishima,
T: Detection and quantification of virus DNA in plasma of patients with epstein-barr virus-associated dis­
eases. J. Clin. Microbial., 33, 1765-1768 (1995).

49) Morishima, T: New diagnostic techniques for the management of herpesvirus infections. HERPES, 3, 5-13
(1996).

50) Kimura, H., Morita, M., Yabuta, Y., Kuzushima, K., Kato, K., Kojima, S., Matsuyama, T., Morishima, T:
Quantitative analysis of Epstein-Barr virus load by using a real-time PCR assay. ./. Clin. Microbial., 37, 132­
136 (1999).




