
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Diagnostic aspects of human alphaherpesvirus infections in dermato-venerology

Folkers, E.

Publication date
1999

Link to publication

Citation for published version (APA):
Folkers, E. (1999). Diagnostic aspects of human alphaherpesvirus infections in dermato-
venerology. [Thesis, externally prepared, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/diagnostic-aspects-of-human-alphaherpesvirus-infections-in-dermatovenerology(c2ce0c40-cd2a-4f3e-bdf4-9e9e33e0105a).html


y 
o 3 Immunogold electron microscopy 

in diagnosis of herpes simplex 
virus and varicella-zoster virus 
infection 

Summary 

Electron microscopy can be applied as a rapid method for virus detection, and can be used 
in validation studies. Immuno-EM can distinguish between VZV, HSV-1 and HSV-2. In this 
chapter we describe our findings comparing Tzanck smears, viral cultures, and immuno EM 
to diagnose human alphaherpesvirus infection in clinically suspected cases of HSV and 
VZV infection. 
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3.1 The use of colloidal gold immunoelectron 
microscopy to diagnose varicella-zoster virus (VZV) 
infections by rapid discrimination between VZV, 
HSV-1 and HSV-2 

Summary 

Colloidal gold immunoelectron microscopy was used to diagnose rapidly 53 cases clinically 
suspected of varicella-zoster virus (VZV) infection and one special case selected from 
another study on typical herpes simplex virus (HSV) infections. The viruses were identified 
and subsequently typed within 2.5 h by a direct labelling test for VZV. and within 3.5 h by 
an indirect labelling test with monoclonal antibodies against HSV type I and type 2. 
The protein A purified IgG fraction of human anti-VZV immunoglobulins was adsorbed to 
colloidal gold particles, and the specificity of the gold-labelled antibodies was tested with 
several human and animal herpesviruses. Viral envelopes did not crossreact in the direct 
labelling test. Howevere, an indirect labelling procedure revealed that a small fraction of 
the anti-VZV antibodies crossreacted with the cores of herpes simplex virus and 
Pseudorabies virus (Aujeszky disease virus). 
Virus-infected cellular material taken from typical herpetic lesions was used directly 
without virus propagation for virus typing. All cases (N=54) were analyzed without 
knowing the clinical description of the results of cytopathologic examination (Tzanck 
smear) and viral culture. Forty-four cases were identified as VZV; however 5 of the supposed 
VZV infections were proved to be HSV infections. Although the viral culture of the one 
HSV case was HSV- and VZV-negative, colloidal gold labelling identified the case as VZV 
infection. 
In 16 cases virus immunoglobulin complexes were detected by using gold-tagged 
antibodies against human immunoglobulins. Immunoglobulins on the viral envelopes did 
not interfere with virus typing by immunogold labelling. 
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Introduction 

Varicella-zoster virus (VZV). which causes chickenpox and shingles in man, belongs to the 
family Herpesviridae. This family also includes herpes simplex virus (HSV), 
cytomegalovirus (CMV). and Epstein-Barr virus (EBV). VZV and HSV are common 
infectious agents and are usually transmitted by close personal contact. In most cases, local 
infections of the skin and the mucous membranes are involved, but in severe cases large 
areas of the skin may be affected, or the infection can spread to the visceral organs and the 
central nervous system. Effective antiviral therapy requires certainty about the type of 
infection involved (Kalman et al., 1986; Longson, 1987). 
VZV, in contrast to HSV. grows poorly in cell culture. The virus can easily be inactivated 
during transportation or storage. Therefore, cell cultures must be inoculated as soon as 
possible after sampling. It is very difficult to combine this strategy with medical praxis. 
Although the efficiency of viral culture can be increased after short centrifugation of virus 
infected material on tissue culture monolayers, laboratory diagnosis based on VZV 
isolation cannot be done within an acceptable time span. Rapier and sufficiently sensitive 
techniques must be developed. For diagnosis by electron microscopy (EM), transportation 
and storage conditions are less critical than for viral culture. This study was undertaken to 
establish whether immuno-EM techniques could replace diagnosis by viral culture and 
whether they can be used in verification studies during development of other tests. 
The present study evaluated the applicability of EM techniques in rapid diagnosis of 
herpesvirus infection. We studied 54 patients using conventional EM techniques to detect 
virus particles in material taken directly from lesions. Results of this study were used for the 
verification of cytodiagnosis (Tzanck test) by light microscopy (Folkers et al., 1988). In the 
present paper we report on the technical aspects of the immuno-EM technique, the 
characterization of the diagnostic antibodies used, and the specificity of gold-labelled 
antibodies. This technique identified virus infection that were not detected by cell cultures, 
detected immune complexes and identified clinical misinterpretations. 

Material and methods 

Sample processing 
Cellular material was scraped from the bottom of the lesion with the curved side of a 
vaccinostyle and frozen to -20°C directly after sampling. Some samples were kept at this 
temperature for several days until transportation was arranged to the EM laboratory. For 
longer periods (weeks or months), samples still present on the vaccinostyle were stored at 
-70°C. At the EM laboratory the samples were transferred to a prewetted mortar, and a drop of 
TE buffer (10 mM Tris, I mM EDTA, pH 7-3) was added together with sterile sand. After 
homogenization the suspension was diluted with TE buffer to about 400 pi. The sand was 
collected by low speed centrifugation in a Beekman desk microfuge (type 152, maximum 
speed) in centrifuge tubes (400 pi) with close fitting snaplids (Beekman No. EET23). The 
supernatant was transferred to another centrifuge tube, and the content was briefly sonicated 
in a Branson disrupter (sonifier) equipped with a cuphorn attachment. The sonifier was used 
with a power setting of 40 W for 2 x 2 s. This suspension is denoted as suspension 1. 
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Suspension 1 was layered on a 70 ul 30% di-potassium tartrate cushion in TE buffer in 
Beekman polypropylene tubes (No. PAT22) and centrifuged without the snaplids for 30 
min at 32000 rpm in a SW 50 rotor (Beekman). The supernatant and the tartrate layer were 
discarded, and the pellets were suspended in 20 pi TE buffer by brief sonication. The 
snaplids were applied during the sonication procedure. This suspension is denoted as 
suspension 2. 

Reference viruses 
VZV (isolate 63-1444), HSV-I (isolate 63-3390), HSV-2 (prototype MS) and EBV were 
obtained from the National Institute of Public Health and Environmental Protection 
(RIVM), Bilthovem The Netherlands; CMV (prototype AD169) was a generous gift from Dr. 
J. v.d. Noordaa, Academic Medical Center (AMC), Amsterdam, The Netherlands. 
The Northern Ireland Aujeszky-3 strain (NIA3) (McFerran and Dow, 1975) of swine 
herpesvirus (pseudorabiesvirus, PRV), the Dutch Lambeek strain of equine herpesvirus 
serotype 1 (EHV-1. Burrows and Goodridge, 1972), the Australian R19 strain of serotype 
EHV-4 (Sabine et al., 1981). and the LK strain of serotype EHV2 of equine herpesvirus 
(Plummer and Waterson, 1963) were used for specificity tests of the diagnostic antibodies. 
An EHV-3 strain was generously supplied by Dr. J.A. Mumford (Newmarket, U.K.). a bovine 
herpesvirus 1 (BHV-1) isolate by Dr. A.PK.M.I. van Nieuwstadt (CDI) and Marek disease 
virus (strain CV1988) by Dr. G.F. de Boer (CDI). 

Virus isolation was carried out according to standard tissue culture techniques using 
human embryonic lung (HEL) fibroblasts (Dept. of Virology, Sophia Children's Hospital, 
Rotterdam or Dept. of Virology, GG&GD, Amsterdam). The HSV isolates used in the 
experimental test system for HSV subtyping with colloidal gold were obtained from the 
Dept. of Virology, RIVM, Bilthoven. These isolates were subtyped by a virus neutralization 
assay employing the same monoclonal antibodies that were used in colloidal gold labelling 
(see below). 

Sera and monoclonal antibodies 
Anti-varicella serum was obtained from a six-year-old patient with generalized varicella 
infection complicated with meningitis and cerebellitis. Sera were collected 9 days, 3 weeks 
and 10 weeks after onset of the disease. The fluorescence titer of anti-VZV and anti-HSV 
antibodies (IgG and IgM) in the second serum was assessed at the RIVM at Bilthoven. The 
IgG fraction of this serum was purified by protein A (Pharmacia) affinity chromatography 
and extensively dialysed against 2 mM borax buffer (pH 75). 
Rabbit anti-human IgG was obtained from Dakopatts, Denmark and was also purified by 
affinity chromatography. 
Monoclonal antibodies (MCAs) against HSV were prepared by Dr. A.D.M.E. Osterhaus, 
RIVM. Bilthoven, and Dr. A.J. Scheffer. University of Groningen, The Netherlands. Two 
MCAs were used, one neutralizing only HSV-1 (MCA1, code number 82-13/4-11C10E5), the 
other both HSV-1 and HSV-2 (MCA12, code number 82-30/1-20E6). MCAs against human 
IgG (code number 315-2.2) and IgM (code number 179-1.1) were a generous gift from Dr. 
J.J. Haaijman, MBL-TNO, Rijswijk, The Netherlands (Haaijman et al., 1994) and are 
distributed by Nordic Immunological Laboratories, Tilburg, The Netherlands. 

91 



Diagnostic aspects of human alphaherpesvinis infections in dermato-venereology 

Electron microscopy 
Negative staining. Suspensions 1 and 2 were examined for the presence of virus particles 
using 1% phosphotungstic acid (pH 68) as a negative stain (PTA stock solution). The virus 
particles were adsorbed on collodion (Balzers)-coated nickel grids (400-mesh; Veco, 
Eerbeek, The Netherlands) reinforced with a thin layer of carbon (Balzers). The grids were 
floated on the sample during 15 min, carbon side down. Negative staining was performed 
by 2 dips in PTA-Tween (1% PTA, 0.01% Tween 80). Grids were examined in a Philips EM 
300 microscope at an accelerating voltage of 80 kV. 
Preparation of 18 nm gold purticles. Colloidal gold sols were made by reducing chloroauric 
acid (Merck) with trisodium citrate (Merck) (Geoghegan and Ackerman, 1977). Briefly, 2 ml 
of a solution of chloroauric acid in water (0.5%) was added to 100 ml of highly purified 
water (deionized by ion exchange followed by two cycles of distillation) in an Erlenmeyer 
flask. The flask was used for preparing colloidal gold only and was not treated with 
detergents or buffers. The solution was heated to boiling and 4 ml of a solution of 1% 
trisodium citrate in water was added. Boiling was continued under reflux for 30 min. The 
pH was adjusted to 80 with 0.1 M potassium carbonate. The pH measurement was carried 
out separately in Eppendorf® tubes. 
Preparation of gold-IgG complexes. The optimum amount of IgG necessary to stabilize the 
gold was determined as follows (Geoghegan and Ackerman, 1977): A series of protein 
solutions with 0.1 ml of increasing concentrations of IgG was prepared in Eppendorf® 
tubes. Colloidal gold was added to an amount of 0.5 ml. After 5 min 0.1 ml 10% NaCl was 
added, and the optical density at 580 nm was determined. A color change from red (fully 
stabilized gold) to violet (flocculated gold) indicated the minimum concentration of 
protein necessary for optimal coating. Based on these data hatches of 10 ml colloidal gold 
were coated with IgG. The optimal amount of IgG as deduced from the adsorption 
isotherm, was diluted with 2 mM borax (pH 75) to 2 ml and added to the gold suspension. 
After 5 min incubation BSA was added to a final concentration of 1%. The gold particles 
(12 ml) were centrifuged through a 30% w/v sucrose cushion (0.5 ml) in 2 ml tubes in an 
Eppendorf desk centrifuge for 15 min at maximum speed. They were then suspended in 
0.25 ml 1% BSA in PBS per tube and sonicated in a Branson disrupter equipped with a 
cuphorn attachment for 2 x 2 s with a power setting of 40 W. Suspensions were pooled 
(3 ml) and the washing procedure was repeated. Thus, 10 ml unstabilized (uncoated) gold 
sol was concentrated to 3 ml IgG coated gold suspension. 
Immunogold labelling procedures. Virus coated grids were prepared as described under 
negative staining and labelled as follows (Fig. 1). All incubations were done on a drop of 
solution on Parafilm®. Gold-tagged antibodies were used undiluted. 
Direct procedure: incubation with 1% BSA in PBS(lOmin) followed by goldlabelled 
antibodies at room temperature for 1.5 h. The grids were extensively washed in PBS buffer, 
followed by one dip in TE buffer and stained with PTA. 
Indirect procedure: grids were incubated with 1% BSA and for 2 h with serial dilutions of 
the primary antibody (or overnight at 4°C), extensively washed with PBS, incubated with 
gold-labelled secondary antibody (30 min), washed and stained as above. 
Virus typing. VZV detection was carried out in a direct labelling procedure using anti-VZV 
gold-tagged antibodies. HSV typing was done according to the indirect labelling technique 
using MCAs against HSV and anti-mouse Ig gold-tagged antibodies in the second labelling 
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step. The optimal dilution for the MCAs in routine test was 1:400. Antibodies present in 
viral immunoglobulin complexes were detected with anti-human IgG colloidal gold 
particles. 

COLLOIDAL GOLD LABELLING OF VZV & HSV 

c 
LI n ^ 

DIRECT LABEL 

gold labelled 
Ab against VZV 

VZV core 

DIRECT LABEL 

gold labelled 
Ab against VZV 

INDIRECT LABEL 

monoclonal Ab 
(McA) against HSV 

gold labelled 
Ab against McA 

Fig. 1. Schematic representation of direct and indirect labelling procedures used 
in this study. 
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Serum titrations. The patients' sera were diluted in 2-fold dilutions steps (25-26000) and 
incubated with VZV-coated grids. Anti-VZV antibody titre was assessed in an indirect 
labelling assay using anti-human Ig gold-tagged antibodies. IgM and IgG antibody 
response to VZV was assessed using anti-IgG and anti-IgM MCAs. Optimal concentrations 
were established at 1:600 for anti-lgG MCA and 1:400 for anti-IgM MCA. Labelling was 
carried out with anti-mouse Ig gold-tagged antibodies. 
Quantitative measurements of gold particle densities on single virus particles. A semiautomatic 
image analysis system (Kontron, Germany: MOP videoplan) was connected to a Philips 
EM300 electron microscope equipped with a video monitoring system (Philips LDH 2105). 
The total numbers of gold particles bound to single herpesvirus envelopes or cores were 
analysed (50 cores and 50 envelopes). Two procedures were applied. A relatively fast 
procedure comprises the calculation of the percentage of the virus surface structure 
(perimeter units) covered with gold particles (Fig. 2). In a more time consuming procedure 
the absolute number of gold particles (labelling densities) was counted per virus structure 
(Figs. 3 and 4). Labelling densities were tested for a Gaussian distribution with the Kolmo-
goroff-Smirnov test (Sachs, 1983). 

IgM serum 1 

>15%. 

IgM serum 2 

.o_ VZV core 
_^ VZV envelope >7S% 

-ù- HSV core 
-• - HSV envelope 

IgM serum 3 

1.7 2.3 2.9 3.5 4.1 4.7 1.7 2.3 2.9 3.5 4.1 4.7 

IgG serum 1 

1.7 2.3 2.9 3.5 4.1 4.7 

dilution ( 10 log ) 

IgG serum 2 

» «a » o 
—1—i—i—i—i—i—r-

1.7 2.3 2.9 3.5 4.1 4.7 

IgG serum 3 

-1—r—i—i—i—i—i—i—i—i—i 
1.7 2.3 2.9 3.5 4.1 4.7 

Fig. 2. Characterization of anti-VZV sera used in the production of gold-tagged antihodies. 
Assessment of IgM and IgG activity by colloidal gold lahelling in 3 different serum samples taken 
at 9 days (serum 1), 3 weeks (serum 2), and 10 weeks (serum 3) after onset ol VZV infection. 
Serum 2 was chosen for the preparation of diagnostic gold conjugates. 
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Quality control of gold-labelled antibodies. Gold-labelling density data are very important for 
quality control of gold labels to be used in direct labelling procedures. During this study we 
prepared more than one batch of the diagnostic antiVZV gold-labelled antibodies. 
Incidentally, we produced batches of gold-labelled antibodies which showed a mean 
labelling density of about 20 gold particles per envelope (Fig. 4b). Although we kept all 
factors for preparation as constant as possible, variations between batches did occur. All 
further analyses were performed with batches showing mean labelling densities of more 
than 4() gold particles per viral envelope (Fig. 4a). Batches with lower labelling densities 
were excluded. 

Results 

Analysis ofanti-VZV immunoglobulins 
Serial serum samples of a patient with varicella complicated by meningitis and cerebellitis 
collected 9 days, 3 weeks and 10 weeks after onset of the disease were analysed for anti-VZV 
antibodies. The results of IgG and IgM antibody titration (Fig. 2) showed a rapid drop of the 
lgM antibody titer against VZV envelopes during the course of the infection. IgM antibodies 
against the core persisted for a much longer period (>10 weeks). IgM and envelope-directed 
IgG against HSV were not detected in the selected dilution range of serum 2 (Fig. 2). However, 
a low core-directed HSV IgG labelling (12.5% surface labelling at dilution 2.6) suggests the 
existence of crossreacting antibodies with VZV or the presence of HSV antibodies generated 
before VZV infection occurred. Nine days after the appearance of the clinical manifestations 
of the disease, the IgG labelling had reached its maximum level. 

The protein A-purified IgG fraction of serum 2 was used to evaluate the relationship between 
gold-labelling density and serum dilution (Fig. 3). To obtain a Gaussian distribution of gold 
particle densities, fifty virus particles were examined per dilution (50 cores and 50 envelopes) 
and the mean gold-labelling density was assessed (Fig. 3a-f). A linear relationship was 
observed at intermediate dilutions ranging from 1:800-12800 for envelopes as well as cores 
(Fig. 3g). Duplogrids and repeated tests gave similar results. Background labelling was absent. 
Some solitary gold particles might show up in the proximity of the viral envelopes and 
represent detached viral glycoproteins (See Fig. 3h, j and Fig. 6a-f). 
To test the specificity of the anti-VZV IgG antibodies, we evaluated crossreactions using a 
panel of human and animal herpesviruses (Table 1). Using the indirect labelling procedure 
crossreactions with envelope antigens of CMV, EBV, EHV1-4, BHV-1 and MDV were not 
detected. HSV-1 and HSV-2 showed a crossreaction at the core level (mean gold-labelling 
density of 15 at 1:400 antibody dilution). Similarly, PRV cores showed a mean gold-labelling 
density of 15 at 1:800 antibody dilution. Thus, activity against PRV cores was slightly higher 
than activity against HSV cores (one dilution). The data indicate that at IgG (protein A 
purified) dilution of approximately 1:3000, and employing the standard 2 h incubation 
period, crossreactions were absent. Similar results were obtained after overnight incubation. 
The results of immunogold labelling described above were verified with classical 
immunofluorescence carried out on infected monolayers at the RIVM at Bilthoven. The 
serum titers of anti-VZV IgG and IgM in serum 2 were 1:8192 and negative, respectively. No 
reaction was found for anti-HSV IgG and IgM with the immunofluorescence test. 
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Table 1. Results of indirect and direct labelling tests using anti-VZV antibodies applied to different 

herpesviruses 

Virus Gold-particle counts 

Indirect test Direct test 

Core Envelope Core Envelope 

vzv 16(3.5) 20(4.1) 15 45 

HSV-1 15(2.6) - - -
HSV-2 15(2.6) - - -
CMV - - - -
EBV ND ND - -
PRV 15(2.9) 15(1.7) - -
EHV-1,2.3.4 - - - -
BHV-1 - - - -
MDV - - - " 

The indirect labelling data indicate the anti-VZV IgG (protein A purified) dilution at which a density of 
about 10 20 gold particles per virion was obtained (end point, arbitrarily chosen). The direct labelling 
data give mean labelling densities obtained with the conjugate. 
ND not done; ( ) end point IgG dilution, 10 log. 

Fig. 3. Further characterization of the IgG fraction of serum 2. In an indirect test the gold 
labelling density of single virus particles was assessed by computer-assisted image analysis. Gold 
particle count distributions were assessed for all dilution steps (Fig. 3a-f). The plot of mean 
number of gold particles and serum dilutions is shown in Fig. 3g. Minor crossreactions with PRV 
and HSV-1 cores were detected. Fig. 3h, j . A typical labelling pattern of a VZV core (Fig. 3h) and 
VZV envelope (Fig. 3j) obtained after applying the indirect labelling procedure. 

•4 Fig. 4. Gold-labelling distribution plots, obtained with two different anti-VZV gold conjugates 
after computer-assisted image analysis. The same IgG fraction was used for coating, howevere, 
two different batches of unstabilized gold particles were used. 
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Specificity of anti-VZVgold-labelled antibodies 
Since the indirect procedure takes at least 3.5 h for centrifugation, incubations and 
examination in the electron microscope, a direct labelling procedure is preferable for rapid 
diagnosis. However, the most important reason for applying direct labelling is to avoid a 
reaction of gold-labelled antibodies against human IgG with virus antibody complexes 
already present in the lesion which might lead to false positive reactions in the indirect test 
(see below). A concentration step followed by a direct gold-labelling test can be completed 
in about 2 h. Table 1 illustrates the specificity of gold-labelled anti-VZV antibodies using 
the panel of different herpesviruses. Again, fifty virus particles were examined to obtain a 
Gaussian distribution of labelling densities. After adsorption of anti-VZV antibodies to 
colloidal gold, only a slight PRV crossreaction (mean gold-labelling density 1.3) with the 
virus cores remained. The crossreaction with HSV cores had disappeared completely. 

Analysis of clinical samples 
Virus detection. Material obtained from the lesions of 53 patients showing clinical 
manifestations of VZV infection and from one patient, selected from a similar study based 
on typical HSV infections, was examined for the presence of virus particles, Both 
suspension 1 (cell homogenate) and suspension 2 (after ultracentrifugation) were 
examined. Evaluations of suspension 1 could be obtained about 15 min after 
homogenization, those of suspension 2, 60 min later. 
Table 2 shows that in 49 samples herpesvirus particles could be detected. One of the 5 
negative samples showed a positive viral culture for VZV. A 14% increase of positive 
samples was obtained by ultracentrifugation of suspension 1. Moreover, EM preparations 
of suspension 2 were easy to study because of increased virus concentration and the 
absence of bulk protein. Three samples were not subjected to ultracentrifugation as the 
concentration of the virus particles was high enough to carry out CG-IEM in a 1:1 dilution 
of the suspension 1 in TE buffer. 

Table 2. Results of classical EM negative staining applied to rough cell homogenates (suspension 1) and virus 
suspensions obtained after a concentration (suspension 2) step 

Herpesvirus detection by EM 

N=54 Suspension 1 Suspension 2 
(cell homogenate) (virus concentrate) 

+ 

37 + 
8 
S 

1 ND 
3 + ND 

*One sample was positive by virus isolation; ND, not done. 
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Differentiation of herpesvirus infections. By using anti-VZV gold-labelled antibodies, the 
herpesvirus particles in 43 samples were identified as VZV (Table 3). In some samples, 
mostly from patients with varicella infections, the virus concentration was very low. 
However, none of these preparations led to serious problems in EM interpretation (Fig. 5a). 
Most of the samples showed labelling densities of 30 to 45 gold particles per envelope. 
However, some samples showed herpesviruses with lower labelling densities. Since 
nonspecific background labelling was absent, and HSV viral envelopes did not show 
labelling, we made a diagnosis on approximately 10 gold particles (arbitrarily chosen) per 
envelope. 
In an attempt to find an explanation for incidental low densities (variations within one 
sample might also occur), a number of samples was incubated with antihuman Ig gold-
tagged antibodies to detect virus antibody complexes (Fig. 5b). Thirteen samples showed 
antibody-coated virus particles (Table 3). The presence of antibodies did not seriously 
interfere with diagnosis since these virus particles were still able to bind sufficient anti-VZV 
gold-tagged antibodies (Fig. 5c). 
The diagnosis of one case of clinical varicella, could not be confirmed to CGIEM since virus 
particles were not detected. Virus isolation succeeded in this case (Table 3). The sensitivity 
of VZV viral culture is low in comparison with HSV viral culture. This is a well-known 
problem with VZV cell culture diagnosis, therefore, cell culture data are not considered for 
further evaluation in this study. 

Table 3. Results of herpesvirus typing by colloidal gold-labelling carried out on 53 patients with clinical signs 

of VZV and I patient suspected of HSV infection 

N=54 Clinical diagnosis Cold labelling TC 

VZV HSV- 1 IC 

43 VZV + 
1 HSV + 

1 VZV - + 

4 VZV - + 

1 VZV ND 
4 VZV ND 

+ (13/43) 

HSV-1 
+ 

VZV 

ND, virus particles not detected; *, not relevant (see text); IC, immune complexes; TC, tissue culture 

typing. 

To test the usefulness of the MCAs for the detection of HSV a blind study was carried out 
with virus isolates obtained from cell cultures and already typed using a neutralization 
assay (RIVM, Bilthoven). Eight HSV-2 and 9 HSV-1 isolates were analyzed via the indirect 
gold-labelling procedure (Table 4, Fig. 6). Gold labelling, using MCAs and anti-mouse gold-
tagged antibodies, was strictly confined to viral envelopes, i.e. MCA1 to HSV-1 envelopes 
and MCA12 to both HSV-I and HSV-2 envelopes. No crossreactions with CMV, EBV and 
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VZV were observed. An HSV-2 diagnosis was scored if a negative reaction with MCA1 and a 
positive reaction with MCA12 were obtained. The results obtained by gold labelling fully 
agreed with those of standard neutralization. 
Herpesvirus particles were detected by electron microscopy in five out of 54 patients 
suspected of VZV infection, but the results of virus typing by CG-IEM-VZV were negative 
(Table 3). Therefore, these patients were suspected of having a HSV infection. After 
application of indirect gold labelling with anti-HSV MCAs, HSV1 was detected in all five 
samples. Interestingly, cell culture propagation and HSV subtyping by virus neutralization 
were positive in one case only (Table 3). A closer examination of the samples with negative 
virus isolation revealed virus antibody complexes in 4 cases (Fig. 5e). The presence of these 
antibodies did not interfere with labelling for HSV typing (Fig. 5f). Anti-HSV antibodies 
were not detected in the cell culture positive sample (Fig. 5d). This suggested that the 
presence of virus antibody complexes in vivo may interfere with the diagnosis by virus 
isolation. 

Table 4. Colloidal gold-labelling of HSV-I and HSV-2 isolates compared with virus neutralization hy 
monoclonal antibodies 

Sample code 

MCA I 

82- 3063 
3401 
3919 
4103 
4271 
5830 
7142 
7501 

18188 
82-14865 

17781 
18295 
22174 

1453 
1769 
3739 
3988 

83 

Neutralization 

MCA 12 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Diagnosis 

HSV-1 

HSV-2 

Cold labelling 

MCA I MCA 12 

+ 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

HSV-1 (63-3390) 
HSV-2 (MS) 
CMV EBV VZV 

ND not done. 
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a VZV 

HSV1 TC-

wmmm 

© 

MCA1 ©. 
Fig. 5. Colloidal gold immunoelectron microscopy carried out directly on virus particles in 
tissue homogenates of patients' lesions. The virus shown in a, was the only virus particle 
detected in this material (a case of varicella). However, with the clear labelling pattern (anti-
VZV gold-tagged antibodies) it was still possible to confirm VZV diagnosis. The virus particles 
shown in b and c were typed as VZV (c, labelled with anti-VZV gold-tagged antibodies). These 
particles also appeared to have bound a large amount of serum immunoglobulins (b, labelled 
with anti-human gold-tagged antibodies). Figs, d-f represent HSV-1 virus particles, typed with 
MCA1 (f). The particle in Fig. e shows bound serum antibodies (labelled with anti-human 
gold-tagged antibodies). It was not possible to obtain a positive viral culture with this 
material. In contrast, the particles with positive viral culture shown in d do not showa 
reaction with anti-human gold-tagged antibodies. 
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18188 

Fig. 6. Analysis of three different HSV isolates after tissue culture propagation in which two 
monoclonal antibodies were used for differentiation between HSV-1 and HSV-2 (MCA1 and 
MCA12). MCA1 shows specificity for HSV-1, while MCA12 reacts with both HSV-1 and HSV-2. 
The isolates 18188 and 5830 were typed as HSV-1 (MCA1 and MCA12 positive). Isolate 1769 
showed no reaction with MCA1 and was consequently typed HSV-2. 
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Discussion 

Colloidal gold has been used as an electron-dense marker in several EM studies that focus on 
detecting viral antigens in thin sections of tissues and cells in tissue, culture (Pétrie et al, 
1984; Evans and Webb, 1984; Ducatelle et al., 1984; Richardson et al., 1986). 
In several studies colloidal gold markers have been combined with classical negative 
staining for rapid diagnosis of viruses (Stannard et al., 1982; Martin and Palmer, 1983; Na-
Sheng Lin, 1984; Hopley and Doane, 1985; Kjeldsberg, 1985, 1986; Beesley and Betts, 1985). 
Because of its electron opacity, the marker is easily visible in the EM even at low 
magnification. Depending on the size of the virus particles to be studied, the most 
convenient gold particle diameter can be selected. In the present study, 18 nm gold particles 
were chosen for VZV typing. Particles of 18 nm are easily prepared and produce highly 
stable (>2 years) and reactive conjugates which do not contribute to any background 
labelling. Moreover, gold-labelled conjugates can be used simply in quantitative 
evaluations. Smaller particles strongly increase labelling densities but some background 
labelling sometimes appears. No additional information was obtained by using gold labels 
smaller than 18 nm. Both indirect and direct labelling procedures established the specificity 
of the anti-VZV serum used in this study for VZV envelope antigens. 
Crossreactions between PRV and EHV-1 are known to occur (Killington et al., 1977). By using 
indirect CG-IEM we found these reactions occurred exclusively on the viral cores (personal 
observations). Our results also suggest the existence of common antigens, associated with 
VZV and PRV. Crossreactivity, known to exist, between VZV and HSV was further 
substantiated by demonstration of antibodies present in the serum used for preparation of 
gold-tagged antibodies against VZV which bind to HSV-1 and HSV-2 cores in the indirect 
labelling test. They did not interfere with differential diagnosis carried out by CG-IEM, since 
discrimination between HSV and VZV is based on reactivity with the envelope. Antibodies 
that crossreact with HSV cores in the indirect labelling test were not detected after 
adsorption to 18 nm gold particles. Thus, in the direct labelling test the specific anti-VZV 
antibody fraction was found to dominate in the immuno-interactions of the gold particles 
with the virus particles. 
By measuring the number of gold particles bound to viral cores and envelopes, we found 
that gold particle densities and serial dilutions of the primary antibodies (applied in an 
indirect labelling test) are quantitatively related. Labelling densities are related to the 
number of antigenic sites on cellular structures or antigens in cellular compartments. 
Quantitative evaluations are being done in different fields of cell biology that are mostly 
confined to ultra-thin section electron microscopy (Posthuma et al., 1986; Kunz et al., 
1984). In the present study, however, the analyses were done on negatively stained 
preparations. The results have implications for different fields in microbiology, such as 
those concerned with the characterization of sera collected in medical praxis, and in 
particular for those infections that are still devoid of proper tests. 
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The antiviral activity of the serum can be designated as gold-labelling titer (dilution), 
comparable to immunofluorescence and ELISA. Moreover, the antibody binding site can be 
precisely located, and in contrast to ELISA techniques, subtracting the background signal is 
not required. We improved direct and indirect labelling procedures sufficiently to use these 
tests routinely to diagnose different viruses, to characterize corresponding sera, and to 
select and characterize monoclonal antibodies. 
Another important use of CG-IEM may be to determine IgG and IgM class antibodies and 
thus to determine the presence of specific antibodies against selected antigens. 
Furthermore, the class and subclass of virus antibody complexes in vivo can be determined 
by this technique. We confirmed the presence of anti-VZV IgM and IgG in sera by gold 
labelling. The drop in envelope-directed IgM during the course of the VZV infection 
observed with CG-IEM fully agrees with the results obtained with classical techniques. 
Core-directed IgM inexplicably persisted for more than 10 weeks. Anti-VZV IgM 
immunofluorescence was absent in serum 2, probably because IgM antibodies were unable 
to penetrate into the nucleus of the infected cells where cores normally accumulate. 
The number of VZV diagnoses made by EM (44 cases) corresponded well with clinical 
diagnosis. The immuno-EM diagnosis was obtained in only 2.5 h. Because it was possible to 
detect HSV infections in patients clinically suspected of VZV infection (5 x), we suspected 
that the opposite was also possible. We confirmed this in one patient who was clinically 
suspected of HSV infection. In this case, both HSV and VZV viral cultures and CG-IEM with 
anti-HSV MCAs were negative. Faulty clinical diagnosis, also reported by Kalman et al. 
(1986), probably more common than is generally acknowledged. The data also suggest that 
virus-antibody complexes may influence the diagnosis of herpes by viral culture. 
The presence study has revealed that immunoelectron microscopy can be used efficiently 
in rapid diagnosis of VZV. Therefore, we recommend that this technique be used as a 
standard test in developing other diagnostic techniques for VZV. 
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3.2 Improved detection of HSV by electron microscopy 
in clinical specimens using ultracentrifugation 
and colloidal gold immunoelectron microscopy: 
comparison with viral culture and cytodiagnosis 

Summary 

Three tests were compared to diagnose herpes virus infection: electron microscopy (EM), 
viral culture (VC) and cytodiagnosis (Tzanck smear). The study comprised 67 patients with 
skin or mucous membrane lesions suggestive of herpes simplex virus (HSV) infection. The 
sensitivity of EM increased 25% after virus concentration by ultracentrifugation. Herpes 
virus infection was confirmed in 55 of the 67 cases by EM or VC or both. EM detected 53 
herpes virus-positive lesion samples of which 14 were not detected by VC; only two lesion 
samples that were herpes virus-positive in VC were not detected by EM. The sensitivities of 
EM, VC, and Tzanck smear for the group of 55 herpes virus-positive cases were 96%, 75% 
and 76%, respectively. The specificity of the Tzanck smear was 83% (prevalence 82%). 
Colloidal gold immuno-EM was used to rapidly type HSV-1, HSV-2 and varicella zoster 
virus (VZV) present in skin and mucous membrane lesions in less than 4 h. Immuno-EM 
was able to detect antiviral antibodies on viral envelopes and viral cores in lesion samples 
with negative VC Antiviral antibodies do not interfere with typing of herpes viruses by 
immuno-EM. It is suggested that formation of viral immune complexes and inactivation of 
virus particles by antibodies may have caused a negative VC Improved EM is discussed for 
its applicability to special cases that cannot rely on VC and cytodiagnosis or when rapid 
diagnosis is required. 
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Introduction 

Most herpes simplex virus (HSV) infections can be diagnosed on the basis or characteristic 
clinical signs of the disease. However, because the characteristic vesiculobullous eruptions 
of HSV can resemble those of other viral and nonviral skin infections, patients can be 
misdiagnosed (Azon-Masoliver et al., 1990; Bhawan et al., 1984; Halal et al., 1978; Kalman 
et al., 1986; Oxman, 1986). The facial lesions of HSV and varicella zoster virus (VZV) 
infections, for example, can be easily confused, probably far more often than is generally 
acknowledged (Folkers et al., 1989; Kalman et al., 1986). 
It is desirable to confirm clinical HSV and VZV diagnosis before treating the infection. The 
rapidity of obtaining a conclusive diagnosis of these herpes virus infections can be 
important, especially in immunocompromised patients, for prompt initiation of adequate 
antiviral therapy to prevent serious complications of the infection. Although viral culture 
(VC) by the demonstration of characteristic cytopathic effect (CPE) is still the 'gold 
standard' for the detection of HSV, this method is not completely specific or sensitive 
(Solomon, 1988). Virus isolation requires at least one day, but the CPE often does not 
become visible for several days (Gleaves et al, 1990). Because the herpes virus, especially in 
case of VZV, can be inactivated during transportation or storage, the samples must thus be 
inoculated as soon as possible, which is usually difficult in non-university hospitals, in out
patient clinics, and in general medical practice. 

Colloidal gold immunoelectron microscopy (immuno-EM) was recently introduced as a 
technique to diagnose rapidly VZV infection (Folkers et al., 1989; Vreeswijk et al., 1988). 
This test can be used for detection of HSV as well as VZV infection. 
The Tzanck smear is rapid, inexpensive, and is still frequently used in office practice. 
Expertise is required in interpreting virus induced cellular changes in light microscopy. The 
Tzanck test cannot differentiate between HSV-I, HSV-2 or VZV (Oranje et al., 1986; 
Solomon, 1986). Besides herpes infections, cytodiagnosis can also be used to detect non-
viral agents like Cryptococcus species. Azon-Masoliver et al. (1990) reported that 
Cryptococcus species was demonstrated by cytodiagnosis in a patient suffering from 
acquired immunodeficiency disease (AIDS) who showed herpes-like skin lesions. 
The present study was undertaken to demonstrate that recently developed electron 
microscopy (EM) techniques can be applied to clinical specimens of skin and mucous 
membrane lesions for rapid diagnosis of HSV infection. 

Material and methods 

Specimens 
The study was conducted at the out-patient section of the Department of Dermatology and 
Venereology of Hospital De Heel in Zaandam. Samples were collected from skin, orolabial 
and genital lesions of 67 patients (46 women and 21 men) with characteristic symptoms of 
HSV infection. The median age of the population was 35 years, with a range from 2 to 80 
years. The herpetic lesions of the skin (/7=26) and mucous membranes («=41) were 
classified as being maculopapular, vesicular, pustular, ulcerous, or crusted. Thirteen lesions 
were from genital, 7 from oral, 25 from orolabial, and 22 from other body sites. Of all 
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genital samples, 4 were collected from skin lesions, 7 from penile and 2 from vulval 
mucous membrane lesions. 

Viral culture 
Samples were collected with dry cotton swabs by firmly rubbing the base of the lesion. The 
swabs were immediately transferred into a transport medium (3 ml Hank's balanced salt 
solution with 0.5% gelatin, sodium bicarbonate to adjust the pH to 7.2, and antibiotics), 
and transported within 24 h to the Department of Virology, GG&GD (City Health 
Services), Amsterdam. If transportation of the specimen could not be done within 24 h, the 
sample was stored at -80°C within 0.5 h after collection, and then transported afterwards 
frozen to the laboratory. Virus isolation and virus typing by immunofluorescence were 
carried out according to standard virological procedures with efforts to cultivate HSV as 
well as VZV 

Tzanck smear 
Samples were generally collected from the same lesion as was used for VC. Scrapings from 
the edge and base of the lesion were smeared onto a glass slide, air dried, and stained with 
Hemacolor (Merck) (Folkers et al., 1985). The preparations were examined first by the author 
(EF) and then double blind by two other investigators (APO and JND). Infected epithelial 
cells with characteristic nuclear changes were identified by light microscopy (Barr, 1984). 

Electron microscopy 
Sample processing: 

The sample for EM diagnosis was collected from one single lesion, present at the same site 
as those used for VC and Tzanck smear. Infected cells were scraped from the base and the 
edges of the lesion with the curved side of a vaccinostyle, fixed with the scarification side 
in the cap of a plastic sampling tube. After the sample was collected, the cap with the 
vaccinostyle was placed on an empty tube with a small moistened gauze on the bottom, to 
prevent freeze drying of the sample. The tube was immediately placed in a refrigerator at 
4°C. Within 0.5 h it was moved to a freezer at -25°C. Transportation of the sample to the 
laboratory of EM was arranged within 2 weeks after sampling. During transportation the 
temperature was carefully kept below zero. If storage for a longer period was necessary, the 
samples were frozen at -80°C. Virus suspensions used for EM detection were prepared by 
two different methods denoted as collection of viruses from smears, and collection of viruses by 
ultracentrifugation. Virus collection from smears was used in one experiment that compared 
the virus particle detection levels of both methods. 

Collection of viruses from smears: 
Lesion samples were transferred to a glass slide followed by rupture of the tissue by firmly 
rolling a glass rod over the slide. Viruses were collected in approximately 30 ul (1 drop) 
distilled water that was spread all over the smear. The virus suspension was carefully 
removed with a Gilson micro pipette and transferred to Parafilm. Viruses were adsorbed to 
carbon coated collodionnickel grids for 10 min. The grids were placed on 1% 
glutaraldehyde in 10 mM Tris-HCI buffer (pH 73) for several seconds, washed on two drops 
of Tris-HCI buffer and stained with 2% PTA (phosphotungstic acid, pH 68). Equal parts of 
the virus suspension and PTA were mixed and some grids were floated on this PTA diluted 
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virus suspension and dried. Magnifications for screening in the electron microscope 
(Phillips EM300) were routinely set around 10 000 x. 

Collection of viruses by ultracentrifugation: 
The lesion sample was removed from the vaccinostyle with 0.4 ml Tris-HCI buffer, 
transferred to a mortar and homogenized with a minimum amount of ultra-fine sterile 
quartz sand. The sand was pelleted by low-speed centrifugation. Virus particles, present in 
the supernatant, were adsorbed to carbon coated collodion-nickel grids for 10 min and 
fixed and stained as described above. 
A virus concentration procedure was carried out to increase further the sensitivity of virus 
detection (Vreeswijk et al, 1988). The virus suspension obtained after sand homogenization 
was centrifugea in a Beekman polypropylene tube (n° PAT22) through a 70 ul30% 
potassium tartrate cushion in a Beekman SW 50 rotor (32 000 rpm, 30 min). The pellet was 
suspended in 20 pi Tris-HCI buffer and sonicated in closed microtubes by a Branson 
disrupter with a cuphorn attachment (No. 627-003-020). In an additional experiment this 
sonicated pellet suspension was clarified by low-speed centrifugation in a desk centrifuge. 
Virus particles were adsorbed to carbon coated grids for screening in standard EM, for 
immuno-EM to detect immune complexes (anti-herpes virus antibodies), and for virus 
typing (detection of HSV- 1, HSV-2 and VZV) (Vreeswijk et al., 1988). 

Solid phase immunoelectron microscopy: 
In solid phase immuno-EM (SPIEM) the virus is picked up by a bilayer of protein A and 
capture antibody absorbed to the EM grid. Nickel grids (400 mesh) supported by a carbon 
coated collodion film were floated for five minutes on a drop of protein A (25 ug/ml) in 
PBS. The grids were washed three times with PBS and transferred to a drop of rabbit IgG 
anti-HSV (National Institute of Public Health and Environmental Protection, RIVM, 
Bilthoven, the Netherlands), diluted 1:100 in PBS, for 10 min. The optimum concentration 
of protein A and the optimum serum dilution for HSV trapping were assessed essentially as 
described by Van Nieuwstadt et al. (1988). Grids were washed with PBS-I % BSA and 
incubated overnight on a drop of virus suspension. The grids were rinsed with PBS, fixed 
with 1% glutaraldehyde for a few seconds and stained with PTA. 

Immunogold labelling: 
Only virus suspensions obtained after ultracentrifugation were used for colloidal gold 
labelling because soluble proteins present in unpurified suspensions interfere with 
labelling. 
HSV was identified in an indirect labelling test using a monoclonal antibody against a 
common HSV- I and HSV-2 antigen (RIVM, Bilthoven, the Netherlands) in the first 
labelling step and gold-tagged rabbit-anti-mouse antibodies in the second labelling step 
(Fig. 2, obtained from specimen number T5-1745/Table 3). HSV-I and HSV-2 were 
differentiated in another indirect test; for the antibody used in first step a monoclonal 
antibody directed against HSV-I (RIVM, Bilthoven, the Netherlands) was used. Virus typing 
of VZV was carried out with gold-tagged highly specific polyclonal human antibodies 
against VZV. Identification of antiviral immune complexes was carried out with gold 
tagged, affinity chromatography purified rabbit anti-human IgG antibodies against IgA, 
IgM and IgG (Dakopatts A190, Vreeswijk et al., 1988). Virus identification by EM and virus 
typing by immuno-EM was carried out without prior knowledge of the clinical appearance 
of the lesion and the results of the other laboratory tests. 
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Statistical analysis 

Sensitivities and Tzanck smear specificity were calculated according to standard methods 
(Weinstock, 1989). For the difference in sensitivity between two diagnostic tests exact 95% 
confidence intervals (CI) were calculated (Gardner et al., 1989) and the McNemar test 
(Siegel, 1956) was applied. McNemar's test was also used to compare the percentages of 
positive and negative scores obtained from the Tzanck smears by different investigators (EF, 
APOandJND). 

Results 

The sensitivities of VC, EM, and Tzanck smear were calculated for the total number of 
patients with clinically obvious HSV infection (n = 67; Table 2) and for the number of 
samples that were herpes virus positive confirmed by either VC, EM or both (n= 55; 
Table 4). 

Viral culture 
Herpes virus was isolated from 41 of 67 lesion samples obtained from skin or mucous 
membrane lesions suggestive of HSV infection. (Table 1: all samples). This implies a 
sensitivity of 61% (95% confidence interval: 48-73%). VC was positive in 58% (15/26) of 
the skin lesion samples and in 63% of the mucous membrane lesion samples (26/41). Five 
out of 13 genital (38%), 18 out of 25 labial (72%) and 4 out of 7 oral lesion samples (57%) 
were VC positive. Of all vesicular, pustular, and ulcerous lesion samples studied, 100%, 
63% and 42%, respectively, exhibited CPE in cell culture (Table 1) VC was positive in one 
single crusted lesion. The single maculopapular lesion showed a negative VC. HSV-1 
infection was detected in 34, and HSV-2 in 6 lesion samples. In one patient VC suggested 
VZV isolation based on typical CPE, reason why HSV typing was omitted; afterwards, 
HSV-1 was demonstrated by immuno-EM. 

Table 1. Results of viral culture (VC) in several lesion types of 67 patients suspected of HSV infection 

Lesion type Number of 
VC positive 
samples (%) 

Virus type Number of 
VC positive 
samples (%) HSV-1 HSV-2 

Maculopapular (n = 1) 
Vesicle (n = 11 ) 
Pustule (n=30) 
Ulcer (n=24) 
Crusted (n= 1 ) 
All samples (n=67) 

0 
11 (100) 
19(63) 
10(42) 

1 
41 (61) 

11 
15* 

8 
1 

35 

4 
2 

6 

*ln one patient, herpes infection was confirmed by the typical CPE in VC, suggestive for VZV. Afterwards, 
HSV-1 typing was done by colloidal gold immuno-EM. 
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Comparison of classical herpes virus detection by EM and 
ultracentrifugationenhanced EM 

Because this study covers different types of lesions, including ulcerous lesions, the method 
for sample processing had to be standardized for optimal recovery of virus particles. To find 
evidence for improvement of herpes virus detection after sand homogenization and 
ultracentrifugation treatment of the lesion samples, the following experiment was carried 
out. 
Duplo-samples of a vesiculopustular (T5-3625), a pustular (T5-2755) and an ulcerous 
lesion (T4-3594) with positive TC and positive EM were obtained from 3 different patients 
and used for comparison of the classical EM technique with the ultracentrifugation
enhanced EM method. 
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Fig. 1. Herpes virus particle counts obtained with classical direct EM on smears (left stack) and 
particle counts at 2 different stages of the ultracentrifugation-enhanced method (middle stack 
and right stack). The 4 layers of each stack represent the mean particle counts obtained with 4 
different grids. 

112 



Chapter 3 / I M M U N O G O L D E L E C T R O N M I C R O S C O P Y I N D I A G N O S I S 

The 3 lesion samples were transferred to a glass slide and transformed into a single smear. 
Three drops of water, for each lesion 1 drop, were used to produce a mixed virus suspension 
of approximately 60 pi. One third of this suspension (20 pi) was mixed with an equal 
volume of PTA to 40 pi for herpes virus detection in smears by classical EM. One third was 
used for adsorption of virus without addition of PTA and fixed and stained afterwards. The 
third part was transferred to a prewetted mortar with sand. To this sample the 
ultracentrifugation-enhanced method was applied. 
The results of herpes virus detection are shown in Fig. 1. The number of particles detected 
after ultracentrifugation increased with a factor 10. No difference in detection of virus 
particles 
was observed before and after clarification of the suspension made from the SW50 pellet, 
nor caused dilution of the virus suspension to 400 pi or use of sand for tissue 
homogenization a decrease of virus detection in comparison with herpes virus detection in 
cell smear suspension by classical EM. Experiments in our EM laboratory with different 
types of herpes viruses (such as equine herpes virus, unpublished data) also confirmed the 
usefulness of sand during processing of organ tissue samples. Therefore, tissue disruption 
by sand was used as a standard procedure for EM. 

Solid phase immunoelectron microscopy 
Solid phase immuno-EM (SPIEM) was applied to some specimens to test its usefullness in 
combining virus trapping with virus typing by colloidal gold immuno-EM. Virus trapping 
from either smears or sand homogenates could not be used for routine virus typing by 
colloidal gold immuno-EM because of high background labeling. However, SPIEM carried 
out on pellet suspensions obtained after ultracentrifugation showed a better 
virus/background-labelling ratio, but was still hampered by a higher background labelling, 
compared with colloidal gold labelling of viruses directly adsorbed to carbon coated 
collodionnickel grids (compare Fig. 2 and Fig. 3). Therefore, SPIEM was not fully 
implemented in this study. 

Comparison of standard electron and immuno-electron microscopy with viral 
culture 

The sensitivity of EM (36/67) increased approximately 25% (53/67) after virus 
concentration by ultracentrifugation. A sensitivity of 79% (95% CI: 67% to 88%) was 
calculated for the 67 patients with clinically overt HSV infection. The results of VC are 
compared with those of EM in Table 2. Positive VC with positive EM was obtained in 39 
lesion samples. Viral culture detected herpes virus infection in 2 lesion samples which 
could not be confirmed by EM. In contrast, 14 lesion samples were herpes virus positive by 
EM but showed negative VC. The difference in sensitivity of VC and EM was statistically 
signifcant (McNemar test: %2= 4.65, P2= 0.03; 95% confidence interval: 6-23% difference in 
sensitivity). 
In 31 of 53 specimens in which herpes virus was demonstrated by EM, herpes virus typing 
was carried out by immuno-EM (Table 3). The specimen numbers are presented in a way as 
to create an overview of different typing levels. Since the electron microscope was available 
for a limited time during this study, the full range of typing tests could not be applied to all 
lesion samples. One VC (T5-4091) suggested VZV isolation based on the typical CPE (Table 
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3: column 3, CPE). Therefore, herpes virus typing was omitted but HSV-1 was clearly 
demonstrated by immuno-EM. In 7 cases, showing negative VC (Table 3: column 3, nd), 
immuno-EM was positive for HSV. In one sample (T5-1384), with negative VC, immuno-
EM demonstrated VZV infection (Table 3: column 9, VZV). This case was included in the 
calculations for sensitivity of the tests for detecting herpes virus infection. 
Incubation with colloidal gold tagged rabbit IgG anti-human IgA, IgM, and IgG antibodies 
(Table 3: column 5, aHu) to detect antivirus antibody complexes, was done in 25 lesion 
samples. Antiviral antibody-coated virus particles (labelled viral envelopes and viral cores) 
were seen in 15 samples, of which 6 correspond to negative VC. In one lesion sample (T5-
1010B) only viral cores were labelled with antivirus antibodies but not viral envelopes. 
The total number of lesion samples with negative VC and positive EM was 14 (Table 2). 

" * « * " 

Fig. 2. Immunoelectron microscopy of specimen number T5-1745 (Table 3). Monoclonal 
antibodies, reactive with common HSV-1 and HSV-2 envelope antigens, were detected with gold 
labelled anti-mouse antibodies (60 000 x ). 

Fig. 3. Solid phase immuno-electron microscopy (SPIEM) of specimen number T51745 (Table 3). 
Virus particles, cores (c) and enveloped virus (ev) were adsorbed to EM grids coated with rabbit 
anti-HSV antibodies. Trapped virus particles were labelled with anti-HSV-1 monoclonal 
antibodies, followed by gold labelled anti-mouse antibodies. The efficient antigen trapping, also 
including viral proteins, is responsible for high background labelling (60 000 x ). 
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Table 2. Comparison of electron microscopy after virus concentration (EM), virai culture (VC) and Tzanck 

smear (TS) in 67 patients with clinical symptoms of HSV infection 

Comparison McNemar Sensitivity 
95% confidence interval 

EM+ EM-
VC+ 39 2 

vc- 14 12 
EM+ EM-

TS+ 41 3 
TS- 12 11 

VC+ ve
TS+ 33 i l 
TS- 8 15 

x
2 = 4.65 6% to 23% difference in sensitivity 

P2 = 0.03 

X2 = 4.27 1 % to 20% difference in sensitivity 
P2 = 0.04 

X2 = 0.21 - 9 % to 1 7% difference in sensitivity 
P2>0.10 

Eight samples out of these 14 were investigated by immuno-EM and are shown in Table 3 
(column 3; nd). In the remaining 6 patients with negative VC, herpes virus infection was 
demonstrated by EM without further virus typing, which implicates that some of these 
samples may well contained VZV. A positive Tzanck smear was obtained by all three 
investigators in 4 of these 6 cases and a negative result in 1 patient; in 1 smear (T5-0004, 
Table 5) a positive Tzanck smear was obtained by two investigators. The sensitivities of EM 
and VC were compared for the 55 herpes virus proven lesion samples by either EM, VC or 
both tests (Table 4). 

Tzanck smear 
The three investigators EF, APO and JND obtained positive Tzanck smears in 47, 46 and 44 
smears, respectively (n = 67). We chose the results of JND with the least number of positive 
scores for statistical calculations and comparisons. This will not overestimate the 
sensitivity of the Tzanck smear. The sensitivity of the Tzanck smear in the 67 patients with 
clinically overt HSV lesions is 66% (95% confidence interval: 53-77%). In Table 2 the 
results of the Tzanck smears are compared with VC and EM. There was disagreement 
between the Tzanck smear results and VC in 19 cases while for EM disagreement arose in 
15 cases. The sensitivities of the Tzanck smear and VC in this study for detecting herpes 
virus infection were about equal with no signifcant statistical difference (McNemar test: x2 

= 0.21; P2> 0.10; 95% confidence interval: -9% to 17%). The difference in sensitivity of 
Tzanck smear and EM was statistically signifcant (McNemar test: %2= 4.27, P2= 0.04; 95% 
confidence interval: 1-20% difference in sensitivity). 
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Table 3. Comparison of viral culture, electron microscopy after virus concentration (EM) and immuno-EM at 
various virus typing levels after application of colloidal gold-tagged antibodies 

Specimen Site and type Viral culture Results of EM (positive/negative) 
number of lesions HSV type HSV type 

EM Immuno-EM 

HSV type 

aHu aVZV MCA' 1 MCA12 Virus type 

T4-3537 lip, pustule (m) nd + + + + HSV-1 
T4-3539 lip, vesicle (m) 1 + # # + + HSV-1 
T4-3603 face, vesicle (s) 1 + - - + + HSV-1 
T5-0299 lip, ulcer (m) nd + + # + + HSV-1 
T5-0301 natis, pustule (s) 1 + # # + + HSV-1 
T5-0302 lip, vesicle (m) 1 + + - + + HSV-1 
T5-0429 face, crusted (s) 1 + + - + + HSV-1 
T5-1686 lip, pustule (m) 1 + + - + + HSV-1 
T5-1 745 penis, ulcer (s) 1 + - - + + HSV-1 
T5-1 746 lip, pustule (m) 1 + + - + + HSV-1 
T5-2755 face, pustule (s) 1 + + - + + HSV-1 
T5-3186 face, pustule (s) nd + + — + + HSV-1 
T5-3187 lip, ulcer (m) nd + + - + + HSV-1 
T5-4091 face, pustule (s) CPE + + - + + HSV-1 
T4-3629 lip, pustule (m) 1 + - - + # HSV-1 
T4-3739 lip, vesicle (m) 1 + - - + # HSV-1 
T5-0163 lip, vesicle (m) 1 + + - + # HSV-1 
T5-0234 vulva, ulcer (m) 1 + - - + # HSV-1 
T5-0482 face, pustule (s) 1 + - - + # HSV-1 
T5-1100 trunk, pustule (s) nd + + - + # HSV-1 
T5-1101 face, pustule (s) 1 + - - + # HSV-1 
T5-0621 penis, ulcer (m) 2 + - - — + HSV-2 
T4-3580 lip, pustule (m) 1 + - - # # HSV 
T5-0398 vulva, pustule (s) nd + + - # + HSV 
T5-0708 lip, pustule (m) 1 + # - # # HSV 
15-0709 lip, pustule (m) 1 + + - # # HSV 
T5-0883 vulva, pustule (s) nd + - # # + HSV 
T5-I0I0A face, vesicle (s) 1 + # - # # HSV 
T5-I0I0B natis, pustule (s) 2 + e-\c+ - # # HSV 
T5-1267 lip, vesicle (m) 1 + # — # # HSV 
T5-1 384 face, ulcer (s) nd + # + # - VZV 

(m) = mucous membrane; (s) = skin; CPE = cytopathological effect; nd = no virus detected; # = not tes
ted; aHu = rabbit IgG anti-human (lgA,lgM,lgC); aVZV = human anti-VZV antibodies; MCA1 = mono
clonal antibodies against HSV-1; MCA12 = monoclonal antibodies against HSV-1 and HSV-2; e = viral 
envelope; c = viral core. 
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The Tzanck smear sensitivities obtained by investigators EF, APO (dermatovenereologists), 
and JND (cytotechnologist) for the HSV proven cases were 86% (47/55), 80% (44/55) and 
76% (42/55), respectively (data of JND are listed in Table 4: all stages). In 4 patients with no 
proven herpetic infection by VC or EM (Table 5: T4/3385-T5/2871), the investigators APO 
and JND obtained 2 positive Tzanck smears in ulcerous mucous membrane lesions. The 
specificity was 83% (10/12). When the McNemar test was applied, no significant 
differences were demonstrated between the Tzanck smear results obtained by the three 
investigators (P, > 0.10). 

Table 4. Comparison of sensitivities of electron microscopy after virus concentration (EM), viral culture (VC) 

and Tzanck smear (TS) in detecting herpesvirus infection in 55 lesion samples that were positive in either VC 

or EM 

Site and stage 
of lesions 

Sensitivity (%) 

EM VC TS 

Mucous mem! Drane 
oral cavity (n=4) 75 100 50 
lip (n=23) 96 78 87 
genitals (n=6) 100 67 67 
all lesions (n=33) 94 79 79 

Skin 
genitals (n=3) 100 33 67 
other (n= 19) 100 74 74 
all lesions (n=22) 100 68 73 

Lesion type 
vésicule (n = 11) 91 100 91 
pustule (n=27) 100 70 85 
ulcus (n= 16) 94 63 56 
crusted (n= 1) nr nr nr 
all stages (n=55) 96 75 76 

"Results obtained by investigator JND; nr, not relevant. 

Discussion 

Rapid diagnostic techniques for the detection of HSV and VZV are needed for optimal 
therapeutic management, especially for seriously ill patients. When VC is used for a 
confrmation test, tissue cultures should be inoculated shortly after collecting lesion 
samples, but this is generally only possible in university hospitals with laboratories close 
by. In the present study, because all samples of vesicular lesions were positive in VC 
(sensitivity 100%; Table 1), we concluded by approximation that the storage and transport 
conditions of all lesion samples were optimal. 

117 



Diagnostic aspects of human alphaherpesvirus infections in dermato-venereology 

The Tzanck smear is widely used in dermatovenereological practice, because it can give 
almost instantly information about the disease. Moreover, the Tzanck smear sensitivity 
and specificity in detecting herpes virus infection compares favorably with those of VC and 
immuno-fluorescence tests (Solomon, 1988). The Tzanck smear is not specific, which 
means that it cannot differentiate between HSV and VZV. A second drawback is that the 
test cannot be applied to detect herpes virus infections in patients with asymptomatic viral 
shedding. 
Several immunological techniques have been developed for detection of HSV antigen. 
Although these tests are rapid, they are not as reliable as the standard cell culture 
technique. 

Table 5 Interobserver discrepancies of the Tzanck smear in 67 patients with clinical signs of HSV infection 

combined with the results of viral culture (VC), and electron microscopy after virus concentration (EM) 

Specimen Site and type Results laboratory tests (positive / negative) 

VC EM Tzank smear VC EM 

Observers 

VC EM 

EF APO JND 

Mucous membrane 
T4-3580 lip, pustule + + - - + 
T4-3665 lip, ulcer + + + — -
T5-0163 lip, vesicle + + + + _ 
T5-0299 lip, ulcer - + + + _ 
T5-2855 oral cavity, ulcer + + + - + 
T4-3385 oral cavity, ulcer - - - + -
T4-3723 oral cavity, ulcer - - - + -
T5-0970 penis, ulcer - - - - + 
T5-2871 lip, ulcer 

Skin 
- - - - + 

T4-0301 natis, pustule + + + + -
T4-3S94 face, ulcer + + + - _ 
T5-0004 natis, pustule - + + + -

However, Dascal et al. (1989) introduced an enzyme immunoassay kit that is as sensitive as 
the viral culture technique. Cao et al. (1989) were able to rapidly detect cutaneous HSV 
infection with the polymerase chain reaction, but the sample collection in this study 
necessitates a punch biopsy. We have also tested lesion samples in commercially available 
ELISA kits, but the results were disappointing, the reason why EM was used as an 
alternative confirmation technique. 

118 



Chapter 3 / I M M U N O G O L D E L E C T R O N M I C R O S C O P Y IN D I A G N O S I S 

Electron microscopy is expensive and requires considerable experience. It is not available 
in most diagnostic laboratories, but it can rapidly and specifically diagnose herpetic 
infection in crude vesicle fluid of lesions (Almeida, 1962). This classical method, still in use 
by some EM laboratories, is based on detection of particles in suspensions made directly 
from smears. This technique might work well with lesion samples that largely consist of 
vesicle fluid and do not need a follow-up with gold labelling techniques. In addition, a 
large number of lesions are pustular and ulcerous and produce unreliable results with 
classical EM. The large amount of soluble proteins in such virus suspensions interferes with 
virus adsorption. The proteins adsorbed to the grid contain a lot of soluble viral antigens 
that make these grids unsuitable for successive virus labelling. Smith et al. (1962a,b) 
studied trypsin-chymotrypsin treatment of samples and agar f ltration followed by virus 
detection in pseudoreplicas (Sharp 1960; Palmer 1975) to increase virus counts. These 
techniques are not suitable for the routine laboratory. 
Ultracentrifugation methods based on the Beekman Airfuge, for more than 12 years in use 
in our laboratory, had not resulted in acceptable detection levels in other studies. 
Moreover, this method is hampered by excessive contamination of viruses on the grids 
with cellular material. Therefore, these grids cannot be used in colloidal gold labelling 
procedures. 
Solid phase immuno-EM (SPIEM) can further enhance the sensitivity of virus detection by 
EM and is even more sensitive than ELISA (Kohn et al , 1985; Van Nieuwstadt et al., 1988; 
El-Ghorr et al, 1988). In SPIEM, the virus is picked up by a bilayer of protein A and capture 
antibody adsorbed to the EM grid (Kohn et al., 1985). The improvement of transmittable 
gastroenteritis (TGE) virus detection in faeces by SPIEM was at least 100 fold, compared 
with standard EM (Van Nieuwstadt et al., 1988). El-Ghorr et al. (1988) showed that this 
EM-adapted 'ELISA technique' can easily be combined with gold labelling techniques. Our 
studies indicated that this technique can also be used for herpes virus diagnosis (Fig. 3), 
and the 2 samples that were missed by EM in this study (Table 2) might have been detected 
in this way. SPIEM certainly will increase herpes virus detection levels. However, SPIEM 
gold labelling profiles are not consistent because background levels depend largely on the 
amount of soluble antigen present in a specifc lesion sample. Therefore, it is not advisable 
to apply SPIEM-gold labelling methods directly to the crude tissue suspension, but 
labelling profiles will be better when carried out on ultracentrifugationtreated virus 
suspensions. 
Interference of proteins present in the virus suspension with virus adsorption is diminished 
by dilution of the sample with water or 10 mM Tris buffer. This probably contributed to the 
high virus particle count observed after diluting the virus suspension 15-20 times to 
approximately 400 \ù. In addition, we found evidence that the use of sand and the effect of 
short sonication greatly facilitates herpes virus release from cell fragments and improves 
the detection of equine herpes viruses in the organ tissues of aborted foetuses (unpublished 
observations). Therefore, we assume that the use of sand facilitates the release of viruses 
from all types of HSV lesions. Taking into account the above considerations, the 
improvement of detection by a factor 10-12 after centrifugation through tartrate was no 
surprise. Moreover, protein-free virus suspensions after ultracentrifugation make all 
successive gold labelling steps more easy to interpret and will give more reliable and 
reproducible results. 
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The immuno-gold labelling data obtained from this study and the data presented in our 
previous studies confined to VZV (Folkers et al., 1989; Vreeswijk et al., 1988) indicate that 
EM can diagnose rapidly HSV and VZV infection in skin and mucous membrane lesions, 
even in cases where VC fails. Therefore, EM must still be considered as an important tool 
for research and diagnostic laboratories. 
Vesicles contain their highest titres of virus within the first 24-48 h (Spruance et al., 1977). 
In this study the sensitivity of VC for vesicular, pustular and ulcerous lesions (in 55 proven 
herpetic specimens) was 100%, 70% and 63%, respectively (Table 4). Thus, viral shedding 
seemed to depend on the stage and duration of the herpetic lesions. However, a relation 
cannot be found between the lesion type and the presence of human (IgA, IgM, IgG) 
antiviral immunecomplexes in EM preparations (Table 3), which implies that we cannot 
explain a decrease of VC sensitivity simply by circulating anti-HSV antibodies, which may 
have penetrated into the lesions and neutralized the viruses in the final stages of the 
disease. Since all samples with negative VC, except one, showed viral immune complexes 
in EM, antibodies may well have played a role in virus inactivation in VC. 
In all patients with anti-virus immune complexes, viral cores as well as labelled envelopes 
were observed. In one patient (Table 3: T5-1010B), however, the viral envelopes were not 
labelled. In recent EM studies (unpublished observations) we found that anti-viral core 
antibodies of the IgG class can persist for a long time (several months or even much longer) 
after anti-viral envelope antibodies have disappeared. Since the patient with specimen 
number T5-1010 suffered from recurrent infections, a high level of anti-viral core 
antibodies may have persisted from earlier outbreaks. 

In the present study, the overall sensitivity (in 67 clinical specimens) of the Tzanck smear 
was 66%, and that of VC 61%, with statistically no significant difference when the 
McNemar test was applied (%2=0.21; P2> 0.10). To further study the difference in sensitivity 
between Tzanck smear and VC the 95% confidence interval was calculated (Gardner et al., 
1989). The difference in sensitivity ranging from -9% to 17% (Table 2) implies that both 
tests have about equal sensitivities, but due to the limited sample size in this study a 
difference in sensitivity may be as high as 26%. 
Compared to VC, the sensitivity of the Tzanck smear also depends on the stage of the 
lesion from which the test sample was collected and was 91% in detecting virus infected 
epithelial cells in vesicular lesions (Table 4). These findings confirmed our earlier results 
(Oranje et al., 1986; Folkers et al., 1988). However, EM sensitivity did not seem to have a 
relation with the stage of the lesion (Table 4). Therefore, we conclude that EM was the 
proper confirmation test for VC and TS in this group of patients. The data presented in 
Table 5 summarize the TS discrepancies between 3 observers. In 55 smears there was full 
agreement about the final diagnosis (+/+/+ or - / - / - ) . The results indicate that reliable 
sensitivity values can be reached if a second opinion is part of the medical diagnostic 
strategy. 
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The present study updates the diagnostic value of electron microscopy, viral culture and 
Tzanck smear for HSV diagnosis with special attention to the importance of EM as a rapid 
confirmation technique in special cases where we cannot rely on other laboratory tests. 
The use of ultracentrifugation-treated virus suspensions is crucial for obtaining reliable 
results in immuno-electron microscopy. Although new and more sensitive laboratory tests 
are under way, such as for instance the polymerase chain reaction, and each of them 
having their own specific drawback, improved EM techniques can still be of practical use 
for sensitivity and specificity studies. 
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3.3 Rapid diagnosis in varicella and herpes zoster: 
re-evaluation of direct smear (Tzanck test) and 
electron microscopy including colloidal gold 
immuno-electron microscopy in comparison with 
virus isolation 

Summary 

The Tzanck test and electron microscopy with the technique of colloidal gold labelling in 
varicella-zoster virus (VZV) infections were compared with virus isolation in 54 patients 
with clinically suspected varicella or herpes zoster infection. The Tzanck test and direct 
electron microscopy can determine whether or not an eruption is herpetic but cannot 
distinguish between herpes simplex virus (HSV) and VZV infection. However, colloidal 
gold immunoelectron microscopy, using monoclonal antibodies against HSV and anti-VZV 
IgG, can distinguish between these two herpes viruses. This achieves the same specificity as 
virus isolation followed by virus neutralization or virus typing using immunofluorescence 
techniques. The Tzanck test was positive in 91%, virus isolation, under optimal conditions 
of sampling and transportation, in 8o% , direct electron microscopy (negative staining) in 
8o%, and colloidal gold immuno-electron microscopy after a virus concentration 
procedure in 95% of the cases. The colloidal gold technique offers a rapid diagnosis in 
patients with suspected VZV infection. 
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1 Department of Dermatology, Hospital 'de Heel', Zaandam, The Netherlands 
2 Central Veterinary Institute, Department of Virology, Laboratory of Electron Microscopy, 
Lelystad, The Netherlands 
3 Department of Dermatology and Venereology (Pediatric Dermatology), Erasmus University, 
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Introduction 

In most instances, varicella and herpes zoster can be readily diagnosed. In difficult cases 
the confirmation of a VZV infection by laboratory tests may be necessary; the commonly 
applied technique of virus isolation of VZV is specific, but not so good when compared 
with the isolation of HSV virus. The isolation of VZV is only reliable under optimal 
conditions of sampling, transportation and storage but needs days and sometimes weeks to 
confirm.1 Counter Immunoelectrophoresis, immunofluorescence, and ELISA techniques 
can also differentiate between HSV and VZV infection.2"M Monoclonal antibodies to VZV 
antigens are becoming more available, but as yet are not widely used.5 

A rapid and easy additional procedure is the cytopathological diagnosis, that can support 
clinical diagnosis of herpetic infection and is based on the Tzanck test. This test is 
diagnostic for HSV and VZV, but cannot differentiate between the two infections.6'7 

Solomon et al.} in their study of the applicability of the Tzanck test in comparison with 
virus isolation, used the clinical diagnosis of VZV infection as a standard reference, but the 
vesicular appearance and dermatomal distribution of the herpetic eruption cannot provide 
a sufficient basis for making a clear differentiation between HSV and VZV infection.8 Even 
virus isolation of HSV does not reach 100% sensitivity in typical cases.9 Therefore, virus 
isolation cannot be accepted as the only verification standard in detecting or excluding 
VZV infection. Clearly, there is a need for a rapid supplementary tool for revaluating the 
Tzanck test in clinical diagnosis of VZV infection. This can be obtained by colloidal gold 
immuno-electron microscopy, which differentiates between HSV and VZV10 

We present the results of a study that illustrates the usefulness and reliability of the Tzanck 
test with direct electron microscopy (negative staining) and colloidal gold immuno-
electron microscopy as compared with virus isolation. 

Material and methods 

Patients 
Samples were collected from skin lesions of 54 patients, during the period from December, 
1984 to March, 1986. Eleven of the patients, suspected of having a VZV infection, were 
attending the out-patient department of Pediatric Dermatology or were hospitalized in the 
Sophia Children's Hospital Rotterdam (SCH), and 43 were attending the out-patient 
department of Dermatovenereology or were hospitalized in Hospital 'de Heel' in Zaandam 
(HdH). The lesions were classified as follows: maculopapular (MP), vesicular (V), pustular 
(P) and/or crusted (C). The SCH-group and HdH-group together had 11 patients (aged 0-10 
years) clinically suspected of having varicella and 43 patients (aged 2-86 years) with 
symptoms of herpes zoster. 
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Virus isolation 
The vesicular or pustular lesion was opened with a scalpel blade and the fluid collected on 
a swab which was then transferred immediately to a viral transport medium. In the case of 
crusted lesions, the crusts were removed and a swab taken from the erosion. With 
maculopapular lesions, the affected skin was scraped intensively with the edge of the 
scalpel blade to obtain a superficial erosion and from this a swab was taken. 
Swabs obtained from patients of the SCH-group were inoculated in 3 ml transport medium 
(Dulbecco's modification of Eagle's medium (DMEM) with 10% fetal bovine serum and 
antibiotics). Within 0.5 h after collection the samples were inoculated into tube cultures of 
HEL (Human Embryonic Lung) fibroblasts (0.2 ml/tube, 2 tubes/specimen). Virus isolation 
was attempted at 37°C for a maximum of 2 weeks and cells were scored daily for a 
cytopathic effect (CPE). Identification of isolated viruses was performed in an 
immunofluorescence test using monoclonal antibodies against herpes simplex viruses and 
a polyclonal antiserum against VZV (J. Choufoer-Habova, Department of Virology, SCH). 
In case of negative results, a second passage was performed. 
Swabs obtained from patients of the HdH-group were inoculated in 3 ml transport medium 
(Hank's balanced salt solution (HBSS) with 05%, gelatin, sodium bicarbonate to adjust pH 
to 7-2, and antibiotics) and transported at room temperature within 24 h to the 
Department of Virology, GG&GD Amsterdam (Head: Dr R.A. Coutinho). If transportation 
of the specimen could not be done within 24 h, the sample was inoculated into the 
transport medium, stored at -80°C within 0-5 h after collection, and then transported 
afterwards in this frozen condition to the laboratory. The samples were then immediately 
inoculated into cultures of HEL fibroblasts. The cells were examined for the presence of 
VZV specific CPE. If no CPE was obtained after 3 weeks of culturing, a second passage was 
done for another 3 weeks. 

Tzanck smear test 
Scrapings from the base of the vesicles, pustules, or erosions, were smeared on to a glass 
slide and air-dried. The material was fixed in methanol and stained within 05 min with 
Hemacolor® (Merck). The slide was dipped five times in methanol, three times in eosin, 
and three times in thiazine. The slide was then rinsed with water and air-dried and a 
permanent mounting medium and coverglass applied. The smear was then examined 
under light microscopy.11 

Epidermal cells were scored for characteristic nuclear changes as seen in herpetic 
infections. These nuclear changes included enlargement, multi-nucleation and crowding 
of the nuclei with nuclear 'moulding'. Different stages of peripheral margination of the 
nuclear chromatin were seen, and the ground substance of the nucleus was more coarse or 
showed an opaque appearance (ground glass aspect). In addition, mononuclear, non-giant 
cell virocytes were recognized on the basis of the nuclear changes described above. 
Sometimes intranuclear inclusions, surrounded by a prominent halo, were observed.7-12 All 
preparations were examined by one of the authors and were then examined 'double-blind' 
by two others. 
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C o l l o i d a l Go ld L a b e l l i n g . 

Di r e e t I n d i r e c t 

r „ i j i . k . i i . j G o l d l a b e l l e d 
b o l d l a b e l l e d 
Ab aga ins t VZV ^ Ab a g a i n s t McA 

I n t a c t 

h e r p e s v i r u s 
p a r t i c l e 

m o n o c l o n a l Ab ( McA ) 
a g a i n s t * HSV 

G o l d l abe l l e d Ab 

aga i n s t VZV 

Fig. 1. Schematic representation of colloidal gold labelling steps used in this study. A direct 
labelling procedure was used for identification of VZV envelopes and cores. An indirect labelling 
technique was applied to differentiate VZV from HSV. 

Electron and immuno-electron microscopy 
After obtaining samples for virus isolation and for the Tzanck test, the lesion, or an 
adjacent one was scraped intensively with the curved side of a vaccinostyle, fixed with the 
scarification side in the hollow of the cap of a plastic sampling tube. The cap was replaced 
on the tube which contained a small moistened gauze. Within 05 h after sampling, the 
material was frozen to -25 °C in a normal freezer and transported in frozen condition 
immediately or within 2 weeks to the laboratory for electron microscopy. At the laboratory, 
the sample was frozen to -80°C, if storage for a longer period was necessary. Without prior 
knowledge of the clinical appearance, the results of the Tzanck test or virus isolation, 
identification of the virus by electron microscopy (EM) and virus typing by colloidal gold 
immuno-electron microscopy (CG-IEM) was carried out.10 

The CG-IEM technique can be described briefly as follows. The sample was homogenized 
in a mortar with sterile sand and diluted with 10 mM Tris-HCl (pH 7-3) to about 500 LII. The 
sand was pelleted by low-speed centrifugation in a Beekman desk microfuge (maximum 
speed, 3 s). The virus particles present in the supernatant were adsorbed to the carbon side 
of collodioncarbon-coated nickel grids (10 min) and stained with 2% phosphotungstic acid 
(pH 6-8). Virus identification was performed in a Philips EM 300 electron microscope at a 
voltage of 80 kV. If no virus particles were detected, virus concentration was carried out by 
centrifugation of the remaining supernatant through a 70 LU 30% potassium tartrate 
cushion in a Beekman SW 50 rotor (32 000 g, 30 min.) The pellet was suspended in 20 til 
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10 mM Tris-HCl and sonicated in closed tubes in a cuphorn attachment of a Branson 
sonifier.10 Virus adsorption, staining, and virus identification were done as described above. 
After virus adsorption, the grids were incubated with highly specific gold-tagged, 
polyclonal antibodies against VZV (showing no cross-reactions with envelopes and cores of 
HSV, cytomegalovirus, and Epstein-Barr virus) for 1 h at room temperature (Fig.l). The 
preparation and the specificity of the gold-tagged antibodies have been previously 
discussed.10 After incubation, the grids were thoroughly washed with PBS and stained with 
phosphotungstic acid. The gold particles of the anti-VZV gold conjugate can be seen as 
electron-dense granules around cores and enveloped particles (Figs 2 and 3). If no reaction 
with the anti-VZV gold conjugate was seen, HSV typing was carried out using monoclonal 
antibodies in the first step and gold-tagged, rabbit-anti-mouse antibodies in the second 
step (Fig. I).10 

Fig. 2 Fig. 3 

Figs. 2 and 3. Gold-tagged polyclonal antibodies against VZV labelled both viral envelopes (Fig 
2) and viral cores (Fig. 3)( x 60 000). 
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Statistical analysis 
McNemar's test13 was used to compare positive and negative scores obtained from the 
Tzanck tests as determined by different investigators (EF, APO and JND). 

Results 

Fifty-four patients were selected on the basis of clinical symptoms of VZV infection. 
Laboratory tests, however, demonstrated herpes virus infection in 51 patients. The clinical 
diagnosis 'VZV infection' could not be maintained in three cases. One child with a late 
stage of varicella had pustules and crusted lesions and the diagnosis has been changed to 
impetigo. One child had an impetigo with pustules and a localized form of staphylococcal 
scalded skin syndrome (SSSS). The other patient was suspected as having an early 
maculopapular stage of VZV infection and on skin biopsy a vasculitis of unknown origin 
was demonstrated. Here, serological examination did not demonstrate anti-VZV IgM. 
Forty-six patients showed VZV infection confirmed by virus isolation and/or CG-IEM and 
in five patients HSV infection was demonstrated. 

Table 1. Patients with proven VZV infection by virus isolation and/or CG-IEM, in two separated populations 
(n = 46) 

Lesion Number of Virus isolation CG-IEM 
type patients + VZV- + VZV -

Sophia Children's Hospital MP 3 2 1 3 0 
V 6 5 1* 5 1* 
P 1 1 0 1 0 

Total 10 8 2 9 1 
Sensitivity (%) of virus isolation un der optimal conditions, 80% 

Hospital 'de Heel' MP 3 0 3 2 I t 
V 21 4 17 21 0 
P 12 1 11 12 0 

Total 36 5 31 35 1 
Sensitivity (%) of virus isolation un der suboptimal conditions, 14% 

MP = maculopapular. * = not the same patient. 
V = vesicular. t = EM positive afterwards in vesicular stage. 
P = pustular. 
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Virus isolation 
The results of virus isolation obtained in the two investigated populations (SCH and 
HdHgroup) are shown in Tables 1 and 2. In the SCH-group (n = 11), virus isolation was 
done under optimal circumstances. VZV infection was confirmed in 10 patients by virus 
isolation and/or CG-IEM. Virus isolation was positive in eight patients (80%, Table 1). In 
the HdH-group (n = 43), virus isolation was carried out under suboptimal circumstances 
(see Methods). Although VZV infection was proven by CG-IEM in 36 patients (including 
one patient with a positive CG-IEM score afterwards in the vesicular stage of infection), 
virus could be isolated from no more than five patients (14%, Table 1). In five out of 54 
patients with zosteriform herpetic eruptions, HSV was demonstrated in two patients by 
virus isolation and by CG-IEM; from the other three patients no HSV positive virus 
isolation could be obtained, but CG-IEM confirmed the presence of HSV particles (Table 2). 

Table 2. Patients, clinically suspected of having VZV infection, with proven HSV infection by virus isolation 

and/or CG-IEM (n = 5) 

Hospital 'de Heel' 
(n = 5) 

Lesion 
type 

Number of 
patients 

Virus isolation 
+ HSV-

CC- I EM 

Hospital 'de Heel' 
(n = 5) 

Lesion 
type 

Number of 
patients 

Virus isolation 
+ HSV- VZV HSV 

P 
C 

4 
1 

2 2 
0 1 -

4 
1 

P = pustular. 
C = crusted. 

Tzanck smear tests 
The results of Tzanck smears are listed in Tables 3-5. Agreement between the observers was 
obtained in 44 Tzanck preparations out of 46 proven VZV infections (42 were considered 
positive and two negative by all three investigators). There was disagreement between the 
observers in two cases, involving an early (maculopapular) and a late (pustular) stage of 
VZV infection. Investigators EF, APO and JND achieved a sensitivity of 91, 93 and 95%, 
respectively. Using McNemar's test, statistical analysis of the Tzanck test sensitivity, 
obtained by these investigators, showed no significant differences (Table 3). Agreement was 
obtained in five Tzanck preparations of proven HSV infections (Table 4): three were scored 
positive and two negative by all three investigators. 
Table 5 summarizes the Tzanck readings of three patients without proven herpetic 
infection. The observers disagreed in a Tzanck test reading of one child, suspected of 
having a late stage of varicella with pustules and crusted lesions. Virus isolation and 
CG-IEM were unable to prove herpetic infection in this case and it was finally diagnosed as 
impetigo. 
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Table 3. Comparison of the Tzanck test scores, obtained by different investigators, in proven VZV infection by 
virus isolation and/or CC-IEM (n = 46) 

Lesion type 

Number of 
positive results 
Tzanck smear 

Investigators 

Number of patients EF APO JND 

EM 

Direct CG-IEM 

Maculopapular 6 
Vesicular 27 
Pustular 13 
Total number: 46 
Sensitivity (%) 91' 

5 5 6 2 5 
26 26 26 23 26 
11 12 12 12 13 
42 43 44 37 44 
93* 95* 80 95 

* Using McNemar's test no significant differences were obtained between the Tzanck scores of the 
investigators (P > 0.1). 

Table 4. Comparison of the Tzanck test scores, obtained by different investigators, in patients with a proven 

HSV infection by virus isolation and/or CC-IEM, clinically suspected of having VZV infection (n = 5) 

Tzanck test 

Lesion type Number of patients 
Investigator: 
Score: 

EF 

+ 
APO 
+ 

JND 
+ 

Pustular 4 3 1 3 1 3 1 
Crusted 1 1 1 1 

EM and immuno-electron microscopy 
In the investigated population (n = 54), herpes virus was detected in 40 patients by EM, 
carried out directly on homogenates of the material obtained from the skin lesions. After a 
virus concentration step, herpes virus was demonstrated in 49 patients. 
The results of EM and CG-IEM in comparison with the Tzanck test are listed in Table 3 and 
4. With CG-IEM, varicella-zoster virus was found in 44 cases, and HSV type 1 could be 
identified in five cases. In one patient with herpes zoster, Tzanck test, virus isolation, and 
EM examination were negative in the early maculopapular stage; a positive result with CG-
IEM was obtained afterwards in the vesicular stage of the infection. 
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Table 5. Results of Tzanck tests in patients with clinically VZV infection, without proven herpetic infection 
(n = 3) 

Results of Tzanck test 
obtained by investigator 

Diagnosis Lesion type EF APO ]ND 

Impetigo pustular - - + 
Impetigo with local SSSS pustular - - -
Vasculitis maculopapular - - -

SSSS = staphylococcal scalded skin syndrome. 

Discussion 

Vesiculobullous eruptions are known to occur during the course of several viral infections, 
including herpes simplex, herpes zoster, vaccinia (and variola), hand-foot-and-mouth 
disease and other enteroviral infections. The occurrence of vesicles and vesiculobullous 
lesions in cytomegalovirus infection has been described,14'15 and a congenital vesicular 
eruption due to Haemophilus influenzae type B has been observed.16 Other diseases may also 
be confused with varicella and herpes zoster.17'18 However, in most patients a VZV 
infection can be diagnosed from the typical clinical features. 
Disseminated herpes simplex may occasionally resemble varicella. Zoster-like cutaneous 
manifestations can develop due to HSV infection. Kalman and Laskin8 reported that 13% of 
their patients with the clinical diagnosis herpes zoster actually had herpes simplex 
infections with a facial distribution in four of these six patients. In another report 10%, of 
patients with clinical impression of herpes zoster, actually suffered from HSV infection as 
demonstrated by virus isolation.1 In our study we found that 9% of the patients, clinically 
suspected of VZV infection, actually had HSV infection. This was demonstrated by virus 
isolation and CG-IEM. Three of these patients had a facial distribution of their rash and 
one had involvement of dermatome T12. One child had a generalized varicelliform 
eruption of HSV infection. 
VZV is less tolerant than HSV to transport and storage conditions and the sensitivity of 
virus isolation in varicella infections at mainly the vesicular stage was 63%. For herpes 
zoster a sensitivity of 70% in the vesicular stage was obtained and a 40% sensitivity in the 
pustular stage. In the study of Kalman and Laskin8 the sensitivity of VZV isolation was 
43%. In our previous study,19 we obtained a sensitivity of virus isolation in varicella of 60% 
and a sensitivity of virus isolation in five patients with herpes zoster of 100%. In the 
present study we focused attention on two groups of patients. The first group showed that 
virus isolation of VZV under optimal conditions could reach a sensitivity as high as 80%. In 
the second group, representative for the general practitioner, the sensitivity of virus 
isolation dropped to 14%. Diagnosis on the basis of virus isolation takes several days 
because the VZV proliferates at a slower rate than HSV Virus isolation is less suitable for 
rapid diagnosis. 
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The Tzanck test has been used for a long time as an aid to confirm the diagnosis of 
cutaneous and mucosal herpesvirus infections. The typical cytopathological changes in 
herpesvirusinfected keratinocytes can easily be recognized in early, intact vesicles and 
pustules. In the very early stage of a herpetic infection the cytological changes can be 
subtle or equivocal and in the older pustular lesions the necrosis of the infected 
keratinocytes is obvious and the nuclear details may be unclear. It should be noted that the 
Tzanck test is not specific for VZV infection but the test can reveal whether or not an 
eruption is herpetic. Although lesions of VZV show less cell destruction and inflammation 
in the early stages of infection than those of HSV, these features cannot be used in 
differential diagnosis.7-12 In the present study the sensitivity of the Tzanck test was as high 
as 90%,. Statistical analysis showed no significant differences of Tzanck test sensitivity, 
obtained by different investigators. The results were largely based on verification with the 
new immunogold EM technique. A diagnosis of VZV infection can be obtained within 3 h 
and of HSV infection in 4 h.10 This technique scored higher than did virus isolation of VZV 
under optimal conditions. Another advantage of EM is its reduced sensitivity to transport 
and storage conditions and for this reason, colloidal gold virus typing was used in this 
study as the standard verification method for the Tzanck test.10 

Our current results confirm previous conclusions1 that the Tzanck test is valuable in 
supporting the clinical diagnosis of VZV infection. It is inexpensive, easy to perform and 
rapid, but experience and training are required. Proper interpretation of Tzanck tests 
should not lead to misdiagnoses. Cytopathological re-screening may be an important 
supplementary diagnostic procedure.1-19 

Rapid diagnostic techniques in herpetic infections may be necessary for the decision to 
start antiviral therapy, particularly in cases involving immuno-suppressed or immuno
compromised patients, or in neonatal herpes simplex and neonatal varicella. Since VZV 
and HSV have varying sensitivity to different antiviral agents, such as acyclovir, early 
differentiation between these herpes viruses is desirable.8 In conclusion, this study 
confirms that the Tzanck test is rapid and reliable in VZV infection, but cannot 
differentiate between VZV and HSV Immunofluorescence cytology using monoclonal 
antibodies, which are now becoming more available, should eliminate this problem in 
future.5-20 None the less, the Tzanck test will continue to be important in rapid diagnosis 
of herpetic skin infections. EM, after a virus concentration step, is another rapid and 
reliable test in VZV infection. However, the classical EM technique also cannot 
differentiate between VZV and HSV. CG-IEM provides the possibility for rapid and specific 
diagnosis in herpetic infections.10 
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3.4 Immunoelectron microscopy for rapid diagnosis of 
varicella-zoster virus in a complicated case of 
Human T-Cell Lymphotropic Virus type 1 infection 

Summary 

Rapid techniques for the detection of herpes simplex virus (HSV) and varicella-zoster virus 
(VZV) are needed for optimal therapeutic management. VZV infection poses a serious 
threat, especially to seriously ill patients, for instance, immunocompromised patients. We 
report a case of human T-cell lymphotropic virus type 1-positive leukemia complicated by 
atypical multidermatomal herpes zoster. Viral culture and standard serological tests failed 
to prove VZV infection. Herpesvirus infection was confirmed by cytodiagnosis (Tzanck 
test). The final diagnosis of VZV was made by immunoelectron microscopy (IEM), which 
can differentiate between HSV and VZV. Immunoglobulin M antibodies in serum directed 
against VZV were detected by IEM but not by immunofluorescence. Because IEM was able 
to identify virus and analyze sera in only 2 h, it is considered a valuable additional tool for 
the rapid diagnosis of HSV and VZV infections. 
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Introduction 

Most varicella-zoster virus (VZV) infections can be readily diagnosed by characteristic 
clinical appearance. However, because vesiculobullous eruptions of other viral and 
nonviral skin infections can resemble those of VZV, the infection can be misdiagnosed.6 

Clinical diagnosis of herpes zoster in immunocompromised patients is even more difficult, 
especially in the early stages of the disease, when only a few herpeticlike vesicles may be 
present, and these may not have the typical dermatomal localization.11 In addition, such 
patients may have hyperkeratotic nodules and crusted verrucous lesions caused by 
aciclovir-resistant VZV.1- 8- 9-14 In immunocompromised patients, antiviral treatment of 
varicella and herpes zoster reduces serious complications of the infection.15 The rapidity of 
obtaining a conclusive diagnosis is important for adequate antiviral therapy, because 
treatment delay diminishes the effectiveness of the antiviral drugs.2- 3 '1 S It is important to 
differentiate between VZV and herpes simplex virus (HSV) at an early stage of the infection 
to determine the appropriate dose of the antiviral drug. Laboratory tests are used to 
confirm the clinical diagnosis. Because the classical viral culture usually requires several 
days, cytologic methods such as the Tzanck test are used to support the clinical diagnosis 
in an early stage. The Tzanck test cannot distinguish between VZV and HSV infections. 
Serologic tests can be used to detect rises in VZV antibody titers, but they can only confirm 
a diagnosis retrospectively. 

Virus detection methods, such as the enzyme-linked immunosorbent assay (ELISA) and the 
polymerase chain reaction, are becoming more sensitive and rapid and can even replace 
classical diagnostic tests. These methods detect antigen (viral proteins or intact viral 
particles), immunoglobulin M (IgM)-class antibodies, or nucleic acids. Some tests are 
unable to give information rapidly (viral culture); others may not be sensitive or specific 
enough (ELISA) or must be used under very strict laboratory conditions (polymerase chain 
reaction). We demonstrate in the study described here that immunoelectron microscopy 
(IEM) can give a rapid (2-h) diagnosis that includes virus detection, virus typing, and study 
of IgG and IgM antibody levels. 

Material and methods 

Patient 
A 33-year-old Moroccan female immigrant presented with a large necrotic skin ulcer on the 
left thigh that was surrounded by herpetic pustules (Fig. 1). Zosteriform-localized herpetic 
pustules were observed on the left upper leg, the right arm, and cranially on the right half 
of the back, while isolated herpetic vesiculopustules were found scattered all over the 
trunk. The herpetic eruptions persisted for about 6 weeks, at which time she was admitted 
to our clinic. The Tzanck test was carried out on smears from pustular lesions on the left 
thigh to confirm the clinical diagnosis of herpes. VZV infection was diagnosed clinically 
and was later confirmed by IEM. Aciclovir was administered intravenously for the next 8 
days. During therapy the herpes lesions became crusted. Five days after aciclovir 
medication was stopped, however, the patient developed new papular and, later, vesicular 
lesions in the area of the older crusted lesions. A relapse of the herpesvirus infection was 
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demonstrated by the Tzanck test, and VZV was again confirmed by IEM. Acyclovir 
medication was resumed. During acyclovir medication, vesicular and pustular lesions 
remained positive for herpesvirus infection, as shown by the Tzanck test. Finally, in about 
3 weeks, the lesions became crusted and healed. Virus isolation from the skin ulcer and 
herpetic lesions was repeatedly unsuccessful. The patient's condition worsened steadily. 
She developed adult T-cell leukemia and clinical symptoms of AIDS. Serologic exami
nations (human T-cell Iymphotropic virus type 1 enzyme immunoassay kit 307724; 
Abbott) revealed elevated antibodies against human T-cell Iymphotropic virus type 1, but 
tests for human immunodeficiency virus (HIV) were negative. Despite intensive 
antileukemia treatment, the patient died within 2 months after the onset of the leukemia. 
Disseminated herpes zoster is frequently associated with the presence of a malignancy or 
underlying immune deficiency.1 Herpes zoster occurs seven times more frequently in HIV-
infected individuals than in noninfected people and appears early in HIV-induced 
immunodeficiency.7 In our patient, the first sign that suggested acquired immune 
deficiency was a multidermatomal herpes zoster infection with a large necrotic ulcer on the 
left thigh. This ulcer finally healed after prolonged acyclovir medication. 

Fig. 1. Necrotic skin ulcer and herpetic pustules on the left leg of the case patient on the day of 
admission. 
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Standard virological methods 
The Tzanck test was the first laboratory test that diagnosed a clinical herpesvirus infection 
in our patient and was applied as described before.4"6'10 Immunofluorescence tests (IFTs) 
performed on smears of lesions can distinguish between VZV and HSV, but studies that 
make use of IFT are scarce. Some investigators have used VZV culture as a reference test for 
determining the sensitivity of these IFTs.11- 12 The isolation of VZV usually takes days, if 
the virus multiplies at all, and therefore is inappropriate for sensitivity studies and rapid 
diagnosis. Although cytodiagnosis by immunofluorescence can be very specific, sensitivity 
probably is influenced by unpredictable factors caused by the stage of the lesion. Therefore, 
IFT was not used to detect virus in smears in our study. Herpesvirus isolation and virus 
typing by immunofluorescence were carried out by standard virological procedures. Recent 
VZV and HSV infection could not be proven serologically by complement fixation tests 
(Table 1). IgG and IgM antibody titers were assessed by IFT performed on acetone-
methanolfixed HSV- and VZV-infected monolayers. No specific IgM antibodies against VZV 
were detected by IFT (Table 1). 

Electron microscopy 
The use of colloidal gold IEM techniques for the diagnosis of VZV and HSV infections has 
previously been described in detail.5- 6* 16 Virus particles were incubated with highly 
specific gold-tagged human antibodies directed against VZV. Monoclonal antibodies 
against HSV and gold-tagged rabbit antibodies directed against mouse Ig were used to 
detect HSV and to distinguish between HSV types 1 and 2. The patient's antibodies, which 
were bound in vivo to the virus particles that were present in the lesions, were detected 
with gold-tagged rabbit IgG antibodies directed against human Igs. The antibody class was 
further characterized with monoclonal antibodies directed against IgG and IgM. These 
monoclonal antibodies were also used to assess the VZV and HSV antibody titer in the 
serum of the patient. The reference virus strains, test sera, monoclonal antibodies, and 
colloidal gold conjugates used were those described previously.16 Two reference serum 
samples were included in this study (Table 1); one was from a patient with herpes zoster, 
and one was from a patient with varicella. Serum samples from two healthy people (two of 
the authors of this report) with no clinical signs of VZV or HSV infection during a period of 
at least 20 years before testing were used as negative control sera. Pseudorabies virus, a 
herpesvirus that causes Aujeszky's disease in pigs, was tested by IEM in order to exclude 
nonspecific reactions. 

Results and discussion 

The complications observed in our patient required an immediate diagnosis of herpes 
infection and differentiation between HSV and VZV in order to give the proper acyclovir 
dosage. The dosage administered for VZV infection is two times the dosage administered 
for HSV infection. Virus particles obtained from skin lesions (about 6 weeks after the first 
clinical signs of VZV infection) were all trapped in virus-antibody complexes (Fig. 2a). 
Immunogold labeling identified the antibodies as IgG. Virus typing, which was still 
possible on antibody-coated virus particles16, revealed the presence of VZV. 
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Fig. 2. IEM. (a) VZV particle obtained from the patient's lesion labeled with 18-nm-diameter 
colloidal gold particles (black dots) coupled to rabbit anti-human antibodies. The gold particles 
detect patient's antibodies bound to the viral envelope in vivo, c, viral core; arrow, viral envelope 
with antibody layer, (b) VZV test virus from infected tissue culture cells was first incubated with a 
dilution of the patient's serum and then with monoclonal antibodies directed against human 
IgM. The monoclonal antibodies were detected with 18-nm-diameter gold particles coupled to 
anti-mouse antibodies, c, viral core; arrow, virus particle with two cores. Magnifications, x65,000. 
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In a previous study on HSV we detected viral immune complexes mainly in pustular 
lesions.6 We suspected that the presence of viral immune complexes was related to a 
negative viral culture. Viral immune complexes can be detected when anti-VZV antibodies 
appear in the serum (unpublished IEM data). If we assume that antibodies in serum can 
neutralize VZV in vivo more efficiently than they can HSV, this may explain the repeatedly 
negative viral cultures in the present case.Colloidal gold IEM detects viral structural 
proteins and can differentiate between antibodies against viral core and viral envelope 
antigens in patient serum (Table 1). VZV envelope IgM antibodies were detected in the first 
serum sample (Fig. 2b). VZV core IgM antibodies were also detected by IEM and remained 
present in the serum 4 weeks later. HSV IgM antibodies were not detected in either serum 
sample. VZV and HSV IgG antibodies were detected in both serum samples by IEM. The 
titers showed little change. Testing for IgM antibodies directed against VZV is the method 
of choice in the serodiagnosis of varicella. The sensitivity is 27 to 70%, depending on the 
technique used.13 These IgM antibodies, however, are not always present in cases of herpes 
zoster. A rise in titer of VZV IgG antibodies can only be observed when the first serum 
sample is collected at an early stage of the infection. 

The antibody titers against VZV of the two reference serum samples determined by IEM 
corresponded well to the titers of VZV antibodies in the serum of our patient (Table 1). 
The titers of VZV IgG antibodies in the reference sera and the patient's sera determined by 
IEM were in the same range as the titers of IgG antibodies against VZV in these sera 
determined by IFT. IgM antibodies directed against HSV were not detected in any serum 
sample, including that from our patient. IgM antibodies directed against VZV envelopes 
were not detected in the herpes zoster reference serum. The varicella and herpes zoster 
reference sera that were tested for IgM and IgG antibodies against VZV and HSV showed 
different labeling characteristics by IEM. The varicella serum had high IgM antibody titers 
against VZV cores and envelopes, while the herpes zoster serum had IgM antibodies only 
against VZV cores. Moreover, HSV IgGclass antibodies were detected in the herpes zoster 
serum but not the varicella serum. Neither the patient's serum nor the reference sera 
contained IgM antibodies to HSV Therefore, we concluded that IgM-class antibodies 
directed against the virus core or envelope can be used in IEM to serologically diagnose 
recent VZV infections. Our patient developed IgM antibodies against both of these viral 
substructures. These IgM antibodies may have had a much higher titer in the weeks before 
the first serum sample was collected. The IgM viral envelope antibody titer detected by 
IEM (1.8 log10) probably was too low for detection by IFT. The IgM viral core antibody titer 
(3.6 log10) also was not detected by IFT, although acetone methanol fixation of the test 
cells allowed the penetration of IgM molecules into the nucleus of the infected cells, 
where viral cores normally accumulate. The reason for the discrepancy between the IEM 
and IFT results is not clear. 

It may be that a different subset of IgM-class antibodies which cannot be detected by IFT 
are detected by IEM, and so we can explain why, in the serum of the patient, an IgM anti-
VZV titer was not demonstrated by IFT. 
High IgG and IgM antibody levels against cytomegalovirus (CMV) were found by IEM. 
CMV IgM antibodies were not detected in the second serum sample or in human reference 
sera of VZV-infected patients. Therefore, we assume that in this case, the IgM antibodies 
against CMV were induced by a coexisting CMV infection, which is common in immuno-
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compromised patients. Low-level antibody titers against Epstein-Barr virus were detected 
by IEM. Epstein-Barr virus antibodies were also found by IFT. 

Virus typing and diagnosis of viral infection in serum by IEM were completed in about 2 h 
after sampling and were conclusive for the diagnosis of VZV infection. No other diagnostic 
technique was as rapid and specific as the IEM. Moreover, the virus was typed and the 
antibody titer in serum was assessed in one experimental setup. Many hospitals, especially 
university hospitals, that now use the electron microscope (EM) for pathologic 
examinations can also use it for rapid virus diagnosis. Because viruses are killed by 
glutaraldehyde before the EM grids are examined, there is no danger of EM laboratory 
workers being exposed to infectious viruses. 
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Addendum to chapter 3 

A simple storage system for EM grids. Quality 
management in complicated immuno-EM studies 
for research and routine diagnosis 

Introduction 

Newly developed electron microscopy (EM) methods for virus research and routine virus 
diagnosis comprise trapping of viral antigens on antibody coated grids (solid-phase 
immunosorbent EM, SPIEM)(1' 2) and colloidal gold labeling (colloidal gold immuno-EM, 
CGIEM)<3). Immuno-EM can offer high sensitivity (SPIEM) and high specificity (CGIEM) in 
specially designed validation studies for new laboratory tests and for rapid diagnosis of 
virus samples, even in cases when other methods are not currently available.*4- 5) SPIEM 
and CGIEM also can be applied in combination on one single grid which permits catching 
of the antigen and characterization of the antigen by immunolabelling to take place in one 
session.*6) In this way coronaviruses or their characteristic peplomers could be extracted 
from faeces and tested for the presence of the characteristic protein using monoclonal 
antibodies.(5) 
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During the studies carried out for this thesis a quality management problem arose during 
administration and storage of large amount of EM grids. Often 30-50 grids (including 
duplo grids) were obtained in typical experiments, e.g. the titration of sera on different 
herpes viruses, testing of catching antibodies, gold conjugates, and complement bound to 
viral immune complexes. Typical experiments carried out on patients lesion samples 
comprised: direct EM (testing of skin samples for virus), direct labeling with VZV or HSV 
gold conjugate, test for bound antibodies (total IgX) and assessment of the antibody 
subtype. 
The standard grid boxes used in the EM laboratory did not meet our requirements for 
proper management of the grids because: 
- grids can easily be placed or returned to wrong locations inside the boxes, 
- there is considerable danger of loosing grids during uncontrolled or forced opening of 

the gridboxes, 
- grids can be easily lost or damaged during bringing the grid in- or outside the box, 
- grid documentation must be related to box- and location numbers unrelated to the 

patients' numbering system, 
- grids cannot be labeled in a way that can give instant overview based on notations -

describing experimental conditions or results made during the EM session. 
Our storage system is based on using large petriedishes. Although the petriedishes take 
more place to store, it solved the above-mentioned quality problems. 

Material and methods 

A round-cut fine filter paper was placed on the bottom of the dish using Scotch double-
sided adhesive 9 transfer tape (924) and the Scotch tape stripper ATG752. Small 
reinforcement rings (Avery, 1 cm diameter) were placed to the filter paper. Grids were 
forced with a small part of the outer ring between the filter paper and the reinforcement 
ring (Fig. 1). In the middle of the reinforcement ring round labels in different colors were 
placed, each colour referring to different groups of agents prepared for diagnosis. On the 
colour label a short notation of the type or the date of the experiment was written while on 
the filter paper additional information about the grids, the experiment (such as patient 
number, scheme of dilution steps, settings of the EM, results of diagnosis, etc.) was noted 
down. This facilitates rapid searches, especially when the grids must be reexamined by 
other persons. Colour pictures were taken from all petriedishes to keep track of the 
individual grids. 

Discussion 

EM experiments and grids can be traced and localized in a minimum of time by screening 
the colour photographs. Since all grids stick firmly to the dish we never faced problems 
anymore with unidentified grids or in the worst case, falling on the floor accidently. Also, 
this way of storage avoids codes such as complicated gridbox numbers that can often lead 
to confusions. 
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