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Summary
Aim: To investigate the sensitivity of various
laboratory approaches in the diagnosis of herpes
zoster from patient serum.
Methods: Paired sera from 53 consecutive
adult patients with acute herpes zoster were
tested for the presence of varicella-zoster virus
(VZV) antibodies. All acute sera were tested subsequently by real-time polymerase chain reaction
(PCR) for the presence of VZV DNA. In addition, convalescent sera of patients who tested initially positive for VZV DNA underwent PCR
analysis.
Results: VZV IgM antibodies were found by
enzyme immunoassay (EIA) in 5 acute (9%) and
20 convalescent (38%) zoster sera. VZV DNA
was detected by PCR in 21 (40%) acute zoster
sera and was no longer detectable in the convalescent samples. A seroconversion or a fourfold or
greater titre increase was found by complement
fixation (CF) test in 41 (77%), by IgG indirect fluorescent antibody assay (IgG IFA) in 43 (81%)
and by CF and IgG IFA combined in 45 of 53

(85%) paired zoster sera. The combination of all
serological methods detected 51 (96%) and PCR
combined with serology identified 52 (98%) of 53
patients.
Conclusions: Optimal laboratory sensitivity in
the diagnosis of herpes zoster from serum can be
achieved by the combination of PCR and serology of paired serum samples. Serological methods
alone are of limited value for early diagnosis of
zoster when therapy can be initiated, because CF
and IgG IFA need convalescent serum and IgM
test sensitivity is insufficient. Early diagnosis of
VZV reactivation is possible from serum by PCR
in the first days of illness and test sensitivity needs
further improvement. The findings highlight the
need for future studies into the usefulness of PCR
and serology in atypical cases of VZV reactivation.
Key words: VZV serology; DNA detection; PCR;
shingles; VZV reactivation; herpes zoster

Introduction

This study was
supported by a
grant of the Gianni
Rubatto Foundation.

Varicella-zoster virus (VZV) is the causative
agent of varicella (chickenpox) during the primary
infection in susceptible individuals. After primary
infection, the virus establishes a lifelong latent infection in dorsal root ganglion cells. Its reactivation gives rise to herpes zoster (shingles), which is
usually characterised by unilateral neuralgia
followed by vesicular eruptions in a dermatomal
distribution [1].
However, in certain circumstances and in special populations, both primary infection and VZV
reactivation may present unusual manifestations
such as asymptomatic varicella or subclinical reactivation [2–4]. Some patients experience zoster
with the “zoster-type” pain in a dermatomal distribution but without the zosteriform rash known as

zoster sine herpete. Many other unusual manifestations of VZV reactivation, such as Ramsay Hunt
syndrome, facial nerve palsy without skin lesions,
cerebellar ataxia, disease in the central nervous
system and visceral herpes zoster, have been described [5–8]. In such conditions, clinical diagnosis
may be very difficult and there is a need for strong
laboratory support.
Although most clinicians readily recognise
the signs and symptoms of herpes zoster, additional
laboratory confirmation is frequently requested.
Confirmation of the diagnosis can be obtained by immunofluorescence or immunoperoxidase staining of vesicle scraping or viral culture of
vesicle fluid [9, 10]. However, the sensitivity of
these diagnostic methods is limited and highly de-
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pendent on the quality of scrapings, handling
time of vesicle fluids, and stage of the skin lesions.
Furthermore, in cases of zoster sine herpete and
zoster visceralis, virus isolation can be extremely
difficult to perform because vesicles are not available [8, 10].
Nevertheless, serodiagnosis of VZV reactivation remains useful in confirming the clinical diagnosis, particularly when vesicle specimens are
of poor quality or not available at all, which is
usually the case in routine diagnostic laboratories.
The majority of laboratories therefore perform serological IgM antibody determination and
look for a rise in IgG or CF antibody.
The diagnostic importance of immunoglobulin M (IgM) response to VZV in reactivated infection, and serological cross reactions with other
herpes viruses, are still controversial [11–13].
However, since a diagnostically relevant antibody

response takes several days and depends on a
functioning immune system, it may be less useful
when a rapid decision regarding antiviral therapy
is necessary.
Although PCR has recently been used for the
diagnosis of VZV reactivation from cerebrospinal
fluid, whole blood, plasma, serum and saliva, it
was rarely compared to serology [9, 10, 14].
The aim of the present study was therefore to
investigate the performance of VZV serology in
comparison to VZV load in the serum of patients
with herpes zoster in the course of clinical illness,
and to evaluate the benefits of this diagnostic approach for laboratory diagnosis of herpes zoster.
Of further interest would be the evaluation of
methods for VZV antibody and DNA detection
from patient serum in atypical cases without skin
eruptions and with an unusual clinical presentation.

Material and methods
Patients
The study included paired sera from 53 consecutive
otherwise healthy adult patients (26 females and 27 males,
age-range of subjects 26–84 years) with acute herpes zoster.
Clinical diagnosis was based on the typical morphology
and distribution of the skin lesions and included patients
with herpes ophthalmicus (7 patients), oticus (one patient),
cervicalis (9 patients), thoracalis (25 patients), lumbalis (10
patients) and sacralis (one patient); no atypical zoster cases
were included. All sera originated from patients who attended a primary health care unit at Zurich main railway
station (Permanence Clinic Hauptbahnhof Zurich) for
medical diagnosis and treatment. Serum samples were
collected, after informed (verbal) consent at their first
visit (acute sera; 0–21 days after the onset of initial clinical
symptoms) and at a follow-up visit (convalescent sera;
7–40 days after collection of the acute samples). The sera
were kept frozen at –20 °C until the serological tests were
performed.
Methods
–

–

DNA preparation: DNA for PCR analysis was extracted from the patient sera by the MagNa Pure
Nucleic Acid Extraction System (Roche Molecular
Diagnostics). Alternatively, DNA was extracted and
purified on silica spin columns (QIAamp DNA mini
kit, Qiagen), according to the manufacturer’s instructions. Both methods had previously proven to be
equivalent with respect to the extraction of DNA
from bloodborne viruses.
Amplification and detection of DNA: Real-time PCR
was performed using standardised TaqMan® chemistry and ABI 7300 real-time PCR systems (ABI Applied Biosystems, Forster City, CA, USA).The VZV
glycoprotein I (gpI) gene (ORF 67 of the unique
small segment of the VZV genome) served as target

–

sequence. The oligonucleotides used for amplification and detection were: 5’-ACAGCTTGTCTTTATTGGAGAGCAA-3’ as forward primer, 5’-GCCACCGTATCCGCGTATA-3’ as reverse primer
and 5’-(FAM)ACCTACCGGGACAAACTATAGCGGAACACTG(TAMRA)-3’ as the TaqMan® probe.
Real-time PCR was performed on all acute zoster and
on convalescent sera of those patients who tested initially positive for VZV DNA by PCR, as described
elsewhere [15].
Serology: Paired sera from 53 adult patients with
acute herpes zoster were analysed for the presence of
VZV antibodies by IgG indirect fluorescent antibody test (IFA Merifluor, Gull Laboratories, USA),
IgM enzyme immunoassay (EIA Genzyme Virotech,
Germany) and complement fixation test (CF; Institute Virion, Switzerland) according to the manufacturer’s instructions. All serum pairs were examined in
parallel at the same time.

Herpes simplex virus (HSV) IgM EIA (Genzyme Virotech, Germany) as well as Epstein-Barr virus (EBV)
capsid antigen IgM IFA (VCA IgM IFA, Institute Virion,
Switzerland) were performed to rule out cross reactions
between between VZV, HSV and EBV in all patients who
tested positive for VZV IgM.
To avoid false positive and false negative IgM results,
IgG antibodies were removed by adsorption with the RFSorbo Tech reagent (Genzyme Virotech) prior to IgM
testing according to the manufacturer’s instructions.
Statistical analysis
For evaluation of the test results, a 95% confidence
interval (CI) for proportions based on Agresti and Coull
was applied [16].
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Results
PCR analysis
VZV DNA was found in 21 (47%; 95% CI,
32.9–60.9%) of 45 samples collected within the
first 8 days of illness and in 21 of the total 53 acute
zoster sera (40%; 95% CI, 27.6–53.1%). It was no
longer detectable in the convalescent sera of patients who tested initially positive for VZV DNA
in the acute sera (Table 1).

acute sera (IgM1) and in 20 out of 53 (38%; 95%
CI, 27.6 to 53.1%) convalescent sera (IgM2).
No IgM antibodies against HSV and EBV
were detected in acute and convalescent sera of
zoster patients who tested positive for VZV IgM
antibodies (Table 2).
Seroconversion or a fourfold or greater increase of VZV antibody titre was detected by CF
in 41 (77%; 95% CI, 64.3–86.7%) and by IgG
IFA in 43 (81%; 95% CI, 68.4–89.6%) paired sera
of zoster patients (Figure 1).

Serology
VZV IgM antibodies were detected by EIA in
5 out of 53 (9%; 95% CI, 3.7 to 20.7%) of the

Figure 1
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Immune response to
varicella-zoster virus
in acute and convalescent sera from 53
adult patients with
acute herpes zoster,
based on indirect fluorescent antibody
IgG test (IFA IgG; top)
and complement fixation test (CF; bottom).
Acute and convalescent paired sera, in
whom seroconversion or a fourfold or
greater titre increase
was observed [41
(77%) by CF and 43
(81%) of 53 samples
by IFA IgG], are
linked for each individual patient. Data
for the analysis of antibody titres were
log-transformed.

Combined PCR analysis and serology
Best performance was achieved using a combination of PCR and all serological methods [52
patients (98%; 95% CI, 89.1–100%) detected].
The combination of all serological methods
and combination of IgM1, IgM2 and IFA detected 51 patients of 53 (96%; 95% CI, 86.5–
99.7%), followed by the combination of PCR, CF
and IFA (47/53; 89%; 95% CI, 77.1–95.1%).
IgM1 and IgM2 in combination with CF detected
47 patients (89%; 95% CI, 77.1–95.1%) and
PCR combined with IFA 46 patients (87%; 95%
CI, 74.9–93.8%). Both combinations, CF and IFA
as well as PCR and CF, detected 45 patients (85%;
95% CI, 72.7–92.4). PCR in conjunction with
IgM1 and IgM2 identified 34 patients (64%, 95
CI, 50.7–75.7%), PCR and IgM2 34 patients
(60%, 95% CI, 46.9–72.4%), PCR and IgM1 25
patients (47%; 95CI, 34.4.–60.3%) and IgM1
combined with IgM2 23 patients (43%; 95% CI,
30.9–56.7%).
The findings of the individual tests and their
combinations are shown as proportions of positive testing with their 95% confidence intervals
(Figure 2).
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Table 1
Performance of PCR
test for the detection
of varicella-zoster
virus DNA from
patient serum in
the course of herpes
zoster.

convalescent serum

PCR test result

Acute sera

Convalescent sera*

Days after onset of illness
0–3
4–8

>8

Total

Positive (%)

9 (50%)

12 (44%)

0

21 (40%)

Negative

9

15

8

32

21

18

27

8

53

21

Total

0

*PCR test was performed only in convalescent sera of patients who tested positive in acute sera
for VZV DNA

Table 2
IgM antibodies
against herpes simplex virus (HSV) and
Epstein-Barr virus
(EBV) in acute and
convalescent sera of
53 patients with herpes zoster who tested
positive for VZV IgM.

Material

Acute sera
Convalescent sera

VZV IgM EIA
(Virotech, Germany)
positive

HSV IgM EIA
(Virotech, Germany)*

EBV VCA IgM IFA
Institute Virion,
(Switzerland)*

Positive

Positive

Negative

Negative

5

0

5

0

5

20

0

20

0

20

*HSV IgM EIA and EBV capsid antigen IgM IFA were performed in all patients who tested
VZV IgM positive
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Figure 2
Comparison of the
performance of four
diagnostic methods
and their combinations in acute and
convalescent sera
of 53 patients with
herpes zoster.
IgM1 and IgM2 =
enzyme linked immunosorbent assay
(EIA) for varicellazoster virus (VZV)
IgM antibody detection from acute and
convalescent serum
respectively; PCR =
real-time polymerase
chain reaction for the
presence of VZV DNA
in acute serum; CF =
complement fixation
test for complement
fixing VZV antibody
detection in paired
sera; IFA = indirect
fluorescent antibody
test for VZV IgG
antibody detection
in paired sera.
The results are
shown as proportions
of positive testing
with their 95% confidence intervals (modified Wald, based on
Agresti and Coull,
1998).

Discussion
Patient serum was used in the present study as
starting material for simultaneous determination
of antibody response to VZV together with VZV
load in the paired sera of otherwise healthy adult
patients with acute herpes zoster in the course of
clinical illness; no atypical zoster cases were included.
Surprisingly low prevalence of VZV IgM antibodies (9%) was detected by the EIA in the
acute zoster sera and the majority of zoster patients
(38%) also remained IgM negative in the convalescent sera. The frequency of IgM antibodies in
the zoster patients described by other authors varied widely from 10 to over 70% depending on the
method used, the patients’ clinical status and the
time of specimen collection [10–12, 18]. However, even with the most sensitive test system IgM
responses were not detected in a satisfactory proportion of patients and the IgM assay is not a particularly helpful approach to zoster serodiagnosis
[11, 19].
In contrast to other studies, we observed no
IgM cross-reactivity between VZV and HSV in
the sera of zoster patients who were VZV IgM
positive [10]. IgM cross-reactivity between VZV
and HSV appears to depend on the test system
used and is seen in acute VZV infection rather
than during reactivation. This finding is of definite interest since it is a frequently observed clinical and laboratory problem.
No serological cross-reactivity with EBV was
noted.
The combination of CF and IFA gave positive
results in 45 out of 53 (85%) paired sera tested
and the combination of all serological methods
identified 51 (96%). The combination of IgM, CF
and IFA proved to be the most sensitive approach
for the laboratory diagnosis of VZV reactivation
by serology in this study.

Although CF and IFA tests showed very high
sensitivity, they are of limited value for early diagnosis of zoster when therapy can be initiated and
only a retrospective serological confirmation of
zoster after analysis of paired serum samples is
possible. Nevertheless, serodiagnosis of VZV reactivation remains useful in confirming the clinical diagnosis, particularly when vesicle specimens
are not available.
To improve diagnostic sensitivity for the
acute serum samples, real-time PCR was performed on all acute zoster sera and convalescent
sera of those patients who tested initially positive
for VZV DNA by PCR.
In the present study VZV-DNA was detected
in 21 (47%) of 45 samples collected within the
first 8 days of illness and in 21 of the total of 53
acute zoster sera (40%). It was no longer detectable in the convalescent sera of patients who
tested initially positive for VZV DNA in the acute
sera. Our results show that VZV viraemia in
zoster patients lasts only days in serum. This finding is comparable to the results reported by other
authors, although the sensitivity of our PCR test
was lower compared to other studies [10, 14]. To
increase the sensitivity of PCR different strategies
may be employed, such as increasing the volume
of plasma for DNA extraction, reducing the volume of elution buffer, spinning down virus particles in the plasma prior to extraction or switching
the target sequence from a unique sequence such
as the gI glycoprotein gene (late gene 67) sequence exploited in this study to repetitive sequences in the VZV genome [20]. In a previous
study, we demonstrated the beneficial impact of
higher plasma volumes used for VZV DNA extraction on the sensitivity of the PCR assay [15].
Other studies described primers amplifying DNA
fragments from other VZV genes and primers se-
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lected from VZV genes 28 (early gene, encoding
DNA polymerase) and 29 (early gene, encoding
single stranded DNA binding protein) proved to
be highly sensitive [10, 14, 20].
In summary, VZV DNA can be detected by
PCR in serum and not only from vesicle fluid.
Hence both serology and VZV load from the
same serum sample are possible and can be used
for routine purposes, particularly when vesicle
specimens are not available. Serum DNA detection can be used for early diagnosis of VZV reactivation if patient samples are collected within
first days of illness.
IgM antibodies in the acute patient serum are
not reliable markers for the diagnosis of herpes
zoster and even in the convalescent serum only
38% of samples gave a positive reaction. IgM results must therefore be interpreted with caution.
If the PCR and IgM tests on the acute serum
are negative, VZV reactivation is not ruled out
and serology can be performed on the convalescent serum.
Optimal laboratory sensitivity in the diagnosis of herpes zoster from serum can be achieved
by the combination of PCR and serology of
paired serum samples.

51

Serological methods are of limited value for
early diagnosis of zoster when therapy can be initiated, because CF and IFA need convalescent
serum and IgM test sensitivity is insufficient.
Early diagnosis of VZV reactivation by PCR
is possible from serum in the first days of illness
and test sensitivity requires further improvement.
The findings highlight the need for future
studies investigating the usefulness of PCR and
serology in atypical cases of VZV reactivation
without skin eruptions and with an unusual clinical presentation.
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