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Abstract
Background—The salivary diagnosis of
Helicobacter pylori infection oVers attrac-
tive possibilities for the epidemiological
study of infection in children. Salivary
enzyme linked immunosorbent assay
(ELISA) is less reliable then serum
ELISA, owing to variable transudation of
immunoglobulin. In addition, children are
more diYcult to study because of lower
specific serum antibody concentrations to
H pylori. The performance of salivary
western blotting in comparison with
serum western blotting and serum ELISA
was investigated in school children.
Subjects and methods—Paired serum and
saliva specimens were obtained from 665
school children aged 9–11 in 10 British
towns. All saliva and serum specimens
were first analysed by ELISA; subse-
quently, western blotting of both speci-
mens was performed on 31 and 34
specimens, respectively, to establish the
criteria for positivity for western blotting.
The remaining 121 specimens were then
tested blindly and saliva was compared
with the serum.
Results—The sensitivity and specificity of
salivary ELISA in the 665 specimens was
32 of 50 (64%) and 530 of 691 (87%),
respectively, when compared with serum
ELISA. The western blotting validation
was performed on 28 subjects with positive
serum and positive salivary ELISA, 28
saliva positives with negative serum, 16
saliva negatives with positive serum, and
50 doubly negative subjects. Compared
with serum western blots, the sensitivity
and specificity of salivary western blots
was 38 of 47 (81%) and 68 of 75 (91%),
respectively. Using serum ELISA as the
gold standard, the sensitivity and specifi-
city were 32 of 44 (73%) and 72 of 78 (92%),
respectively, the specificity being signifi-
cantly higher than salivary ELISA
(p < 0.001).
Conclusion—Salivary western blotting for
IgG is useful in the diagnosis of H pylori
infection and is superior to ELISA. It also
permits the identification of pathogenic
strains.
(J Clin Pathol 2000;53:314–317)
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Helicobacter pylori is a chronic bacterial infec-
tion of the human stomach that is associated
with peptic ulcer and gastric cancer, as well as
with possible extra-intestinal manifestations.
The diagnosis of H pylori can be made on

biopsies obtained at endoscopy, but these are
unsuitable for epidemiological studies, which
have relied on serology and the urea breath test.
Salivary antibody testing is a potentially useful
alternative for epidemiological studies,1 espe-
cially in children, because it is non-invasive and
no sample preparation is required.

The specific antibody response to H pylori
can be detected using a variety of methods, but
ELISA and immunoblotting (western blotting)
for specific IgG are the most reliable.2 3 ELISA
is more convenient than western blotting, but
specific anti-H pylori IgG values tend to be
lower in children than adults, and most assays
have reported a slightly lower sensitivity when
compared with adults.4

Although IgA is the predominant immuno-
globulin present within saliva, poor sensitivity
and specificity are obtained in comparison with
IgG when assayed by ELISA.5 IgG gains access
to saliva by transcapillary leakage, but values
are approximately 1/1000 of those in serum.
The low concentrations, together with variable
transcapillary leakage, are the main reasons
why salivary IgG determination is less reliable
than serum determination. Immunoblotting is
a sensitive and qualitative method for deter-
mining the presence of antibodies, and hence
would be expected to overcome some of these
diYculties. It also has the advantage of being
able to detect antibodies to CagA and VacA,
proteins that are markers of H pylori virulence.

Therefore, we investigated whether salivary
western blotting was superior to salivary
ELISA for the detection of IgG antibodies to
H pylori compared with serum ELISA and
serum western blotting. We also determined
whether salivary western blotting had the abil-
ity to detect antibodies to VacA and CagA, as
determined by serum western blotting.

Subjects and methods
Our report is based on the 8–11 year old exam-
ination of the “ten towns” children study. The
general design of our study has been described
elsewhere.6 Paired saliva and serum samples
were available for 665 children from the last
five towns screened; three with particularly low
adult cardiovascular mortality (Leatherhead,
Bath, and Tunbridge Wells) and two with par-
ticularly high cardiovascular mortality
(Rhonda, Rochdale). ELISA antibody deter-
minations were performed on both serum and
saliva with the Launch Premier ELISA kitTM

(Launch Premier, Longfield, Kent, UK). This
has been shown previously to be 100%
sensitive and 96% specific for serum in adults.7

Serum was tested according to the manufac-
turer’s instructions. Optimum performance for
salivary ELISA was obtained when undiluted
saliva was incubated with IgG conjugate
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(A2290; Sigma, Poole, Dorset, UK) at a
concentration of 1/1500.

The specimens selected for the validation
study had an over representation of false positive
saliva by ELISA to allow a better evaluation of
specificity. All the seropositive specimens from
the original 665 paired samples tested on ELISA
with remaining saliva were included. In total,
122 paired saliva and serum samples were stud-
ied by western blotting. They comprised 28
subjects who were ELISA seropositive and sali-
vary IgG positive, 16 subjects who were
seropositive and saliva IgG negative, 28 subjects
who were seronegative but saliva IgG positive
(OD > 0.41), and 50 subjects who were sero-

negative and saliva IgG negative. A further seven
samples were unreadable owing to gross con-
tamination or insuYcient saliva.

Criteria for a positive serum western blot
were first established on 18 positive and 16
negative sera measured by ELISA, and for a
positive salivary western blot on saliva speci-
mens from 13 seropositive and 18 seronegative
subjects by serum ELISA. When the criteria
had been established the remainder of the
samples were tested blindly.

Western blotting was performed as follows:
100 µg/ml of a crude lysate of a CagA VacA
positive strain of H pylori was run on a 10–15%
gradient gel and then blotted on to nitrocellulose
for one hour at 20 V, 300 mAmps. The
H pylori were grown on selective plates at 37°C
in a controlled atmosphere (5% oxygen, 10%
carbon dioxide) for five days and then washed
and stored in phosphate buVered saline (PBS) at
−70°C. The nitrocellulose was blocked over-
night at 4°C in blocking solution (15 g Marvel
milk in 200 ml PBS). The nitrocellulose was
incubated with 5 µl serum and 1 ml saliva and
control serum samples for one hour and at the
dilutions stated below in TTBS (300 ml PBS/
Tween, 9 g Marvel milk). The blots were washed
in PBS/Tween (one litre PBS/4 ml Tween 20)
three times for 10 minutes. The IgG conjugate
(HRP conjugated goat antihuman IgG; cata-
logue number A2290; Sigma) was diluted at
concentrations stated below in TTBS and incu-
bated again for one hour. Washing was then per-
formed four times for 15 minutes in PBS/Tween
and the signal developed using the Amersham
ECL (Amersham, Little Chalfont, Buckingham-
shire, UK) detection system.

Conjugate, serum, and saliva concentrations
were optimised using paired samples. The
optimum dilution of saliva was 1/4 to minimise
sample use and 1/500 for the IgG conjugate.
The optimal concentrations for serum were a
sample dilution of 1/5000 and IgG conjugate
concentration of 1/6000.

Some saliva specimens contained an excess
of debris on visual inspection and were centri-
fuged for five minutes at 5000 ×g before testing.

STATISTICAL METHODS

The sensitivity of saliva ELISA and saliva
western blot test were compared by focusing on
“true” positives as defined by serum ELISA
and serum western blot, respectively. The sen-
sitivity of the two tests was then compared
using McNemar’s test for paired samples with
continuity correction. The specificity of the
two saliva tests was similarly compared by
focusing on the “true” negatives defined by the
gold standard.

We calculated ê statistics for comparing the
agreement for saliva and serum western blot
using EPI INFO version 6.

Results
PERFORMANCE OF SALIVARY ELISA VERSUS SERUM

ELISA

Of the 665 sera and saliva samples tested by
ELISA, 50 (8%) were seropositive (fig 1). The
sensitivity and specificity of salivary ELISA
against serum ELISA as gold standard was 32 of

Figure 1 Frequency distribution of optical densities in 665 subjects who had salivary
enzyme linked immunoabsorbent assay (ELISA) performed and who had matching serum
specimens. A cut oV point of 0.41 optical density units was used.
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Figure 2 Frequency distribution of serum enzyme linked immunoabsorbent assay
(ELISA) values (n = 129).
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Figure 3 Sensitivity and specificity (%) of saliva enzyme
linked immunoabsorbent assay (ELISA) against serum
ELISA by cut oV point in 665 subjects with samples for both.
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50 (64%) and 530 of 619 (87%), respectively, at
a cut oV point of 0.41 OD (optical density) units
for saliva and 0.1 OD units for serum (fig 2), as
suggested by the manufacturer. The cut oV
point of 0.41 maximised specificity without
compromising sensitivity too far (fig 3).

ESTABLISHING CRITERIA FOR POSITIVE AND

NEGATIVE SALIVARY WESTERN BLOT

The criteria for positivity on serum/saliva west-
ern blotting were either the recognition of the
CagA (120 kDa) band alone, which has previ-
ously been shown to be specific for the
presence of H pylori infection,8 or a minimum
of six bands from any other region of the blot,
because several bands between 30 and 60 kDa
were non-specific, as has been reported
previously.8–10 Using these criteria, 17 of 18
(94%) positive sera were western blot seropos-
itive and 16 of 16 (100%) negative sera were
western blot seronegative (fig 4)

The same criteria were applied to the saliva
western blot samples and 11 of 13 (84%) of the
saliva specimens from seropositive subjects were
western blot positive, and 18 of 18 (100%) of the
saliva specimens from seronegative subjects
were western blot negative (fig 5).

PERFORMANCE OF SALIVARY WESTERN BLOT

COMPARED WITH SERUM WESTERN BLOT

A total of 16 samples had to be centrifuged
before western blotting and of these seven still
yielded uninterpretable blots and were excluded
from the analysis. Using the serum western blot
as the gold standard, the sensitivity and specifi-
city of the salivary western blot was 38 of 47
(81%) and 68 of 75 (91%), respectively (table
1). The sensitivity and specificity of saliva
ELISA on these same specimens was 29 of 47
(62%) and 48 of 75 (64%), respectively. Saliva
western blotting was significantly more sensitive
(p = 0.039) and significantly more specific
(p = 0.00005) than saliva ELISA.

The presence of bands to the cagA and vacA
proteins on the salivary and serum western
blots were compared, with good overall agree-
ment between the two methods (ê = 0.75,
p < 0.000001 for CagA; ê = 0.66,
p < 0.000001 for VacA; table 2).

PERFORMANCE OF SALIVARY WESTERN BLOTTING

AGAINST SERUM ELISA

The sensitivity and specificity of saliva western
blot compared with serum ELISA was 32 of 44
(73%) and 65 of 78 (83%), respectively (table
3). The sensitivity of salivary western blotting
was not significantly greater than salivary
ELISA (p = 0.39), whereas specificity was sig-
nificantly greater (p = 0.0071).

COMPARISON OF SERUM WESTERN BLOTTING

AGAINST SERUM ELISA

There was good overall agreement between
serum western blot and serum ELISA
(ê = 0.84, p < 0.000001; table 4). Of the six
ELISA negative, but western blot positive,

Figure 4 Samples used to establish criteria for a positive and negative western blot for
serum and saliva. Serum western blots: lanes 1 and 2, serum control CagA VacA positive
strains; lanes 3–9, serum enzyme linked immunoabsorbent assay (ELISA) positive
samples; lanes 10–19, serum ELISA negative samples. Saliva western blots: lanes 20 and
21, serum ELISA positive samples; lanes 22 and 23, serum ELISA negative samples; lanes
24 and 25, serum ELISA positive samples. Band sizes are in kDa.
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Figure 5 Further representative saliva samples used to establish positive and negative
criteria. Lane 1, positive serum control; lanes 2–4, serum enzyme linked immunoabsorbent
assay (ELISA) negative specimens; lanes 5–11, serum ELISA positive specimens; lanes
12–25, serum ELISA negative specimens. Band sizes are in kDa.
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Table 1 Performance of salivary western blot (WB)
compared with serum WB by salivary enzyme linked
immunosorbent assay (ELISA) status

Salivary
ELISA Salivary WB

Serum WB
positive

Serum WB
negative

Positive Positive 26 6
Positive Negative 3 21
Negative Positive 12 1
Negative Negative 6 47

316 Ballam, Mendall, Asante, et al
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specimens three had ELISA optical densities
between 0.050 and 0.099 OD units—that is, at
the higher end of the range of negative sera.

Discussion
Our study demonstrates that western blotting
has a significantly better specificity than ELISA
for the detection of H pylori antibodies in the
saliva of children and is comparable with serum
ELISA. Therefore, salivary western blotting
might be useful in the study of children, where
high specificity is of particular importance,
owing to the low prevalence of infection. In
comparison with serum western blotting, sali-
vary western blotting was more sensitive than
salivary ELISA. It was also superior when both
were compared with serum ELISA, although
this failed to reach significance.

Our study might have underestimated the
specificity of salivary western blotting signifi-
cantly, because a stratified sample was used, in
which saliva positive serum negative specimens
on ELISA were over represented. Although
western blotting of saliva was very specific, it had
a slightly lower sensitivity than serum ELISA,
using serum western blot as the gold standard.
However, specificity is more important than
sensitivity in studying low prevalence popula-
tions, such as children in the developed world.

The qualitative nature of the western blot
does appear to overcome the problems of vari-
able transudation of serum immunoglobulin
into saliva, which might aVect ELISA optical
density. Western blotting has the additional
advantage of providing more information from
the saliva samples, such as seropositivity to
CagA or VacA, which can be used to type the
organisms with which the patient is infected.
There was good agreement between bands
detected on serum and saliva western blotting,
supporting the use of saliva for this purpose.

Saliva has some disadvantages compared
with serum. In a number of specimens there
was excessive debris, which required centrifu-
gation. Unfortunately, there were still seven
samples that yielded uninterpretable blots and
these were not included in the results. Another
potential disadvantage is the sample volume
required, although only 1 ml was used, which is
not excessive.

Other problems that might impair the sensi-
tivity of salivary western blotting are the freeze
thawing of samples and the circumstances of
sample collection. In our study, the saliva was
three years old and had been subjected to a pre-
vious freeze–thaw cycle. The means of collection
might also be important: theoretically, unstimu-
lated saliva is better than stimulated saliva.

Saliva has several advantages over other
methods of determining H pylori status. It is
non-invasive, unlike serum testing, and it is
much cheaper and more convenient than C13
urea breath testing. New tests to detect H pylori
antigen in faeces hold promise,11 but faecal
specimens are more diYcult to obtain, particu-
larly in children, and harder to work with in the
laboratory. Preliminary reports of evaluation in
children have given promising results.12

Although western blotting is a reliable method
and overcomes the inconvenience of a capture
assay, such as ELISA, it is time consuming, but
could and is being automated. However, because
of the ease of collection and non-invasiveness,
saliva remains attractive for the diagnosis of H
pylori infection, and salivary western blotting is
therefore a potentially useful method for epide-
miology and paediatric diagnosis.

1 Patel P, Mendall MA. Salivary antibodies in the diagnosis of
H pylori infection. Lancet 1995;344:511–12.

2 Goosens H, Glupcynski, Burette A, et al. Evaluation of a
commercially available second-generation immunoglobulin
G enzyme immunoassay for detection of Helicobacter
pylori infection. J Clin Microbiol 1992;30:176–80.

3 Newell DG, Stacey AR. The serology of Helicobacter pylori
infections. In: Rathbone BJ, Heatley RV, eds. Helicobacter
pylori and gastroduodenal disease. Oxford: Blackwell Scien-
tific Publications, 1992:64–73.

4 Crabtree JE, Mahony MJ, Taylor JD, et al. Immune
responses to Helicobacter pylori in children with recurrent
abdominal pain. J Clin Pathol 1991;44:768–71.

5 Luzza F, Maletta M, Imeneo M, et al. Salivary specific
immunoglobulin G in the diagnosis of Helicobacter pylori
infection in dyspeptic patients. Am J Gastroenterol 1995;90:
1820–3.

6 Whincup PH, Cook DG, Adstead F, et al. cardiovascular
risk factors in British children in towns with widely diVer-
ing cardiovascular mortality. BMJ 1996;313:79–84.

7 Wilcox MH, Dent TH, Hunter JO, et al. Comparison of
eight serological tests for the diagnosis of Helicobacter
pylori infection. J Clin Pathol 1996;49:373–6.

8 Von WulVen, Grote HJ, Gatermann S, et al. Immunoblot
analysis of immune response to Campylobacter pylori and
its clinical associations. J Clin Pathol 1988;41:653–9.

9 Hirschl AM, Pletschette M, Hirschl MH, et al. Comparison
of diVerent antigen preparations in an evaluation of the
immune response to Campylobacter pylori. Eur J Clin
Microbiol Infect Dis 1988;7:570–5.

10 Anderson LP, Esperson F. Immunoglobin G antibodies to
Helicobacter pylori in patients with dyspeptic symptoms
investigated by the western immunoblot technique. J Clin
Microbiol 1992;30:1743–51.

11 Makristathis A, Pasching E, Schutz K, et al. Detection of
Helicobacter pylori in stool specimens by PCR and
antigen enzyme immunoassay. J Clin Microbiol 1998;36:
2772–4.

12 Oderda G, Rapa A, Ronchi B, et al. Evaluation of the
Helicobacter pylori stool antigen test for detection of H
pylori infection in children. A multicentre Italian study
[abstract]. Gut 1999(suppl);45:A93.

Table 2 Presence of cagA and vacA bands on serum and
salivary western blots

CagA
serum
positive

CagA
serum
negative

VacA
serum
positive

VacA
serum
negative

Saliva positive 20 4 12 4
Saliva negative 6 92 6 100

ê = 0.75 ê = 0.66

Table 3 Performance of salivary western blot (WB)
compared with serum enzyme linked immunosorbent assay
(ELISA) by salivary ELISA status

Salivary
ELISA

Salivary
WB

Serum ELISA
positive

Serum ELISA
negative

Positive Positive 25 7
Positive Negative 3 21
Negative Positive 7 6
Negative Negative 9 44

Table 4 Agreement between serum enzyme linked
immunosorbent assay (ELISA) and serum western blot
(WB)

Serum WB
positive

Serum WB
negative Total

Serum ELISA positive 41 3 44
Serum ELISA negative 6 72 78
Total 47 75 122

Western blotting to diagnose Helicobacter pylori infection 317
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Letters

Rationalised virological electron
microscope specimen testing policy

I read the two letters from McCaughey and
Curry and their respective colleagues1 2 with
astonishment. Their debate on a policy for
electron microscopy (EM) use reminded me
of those mediaeval ones about the number of
angels that could dance on the head of a pin.
Interesting debate, pity it missed the point.
They failed, I think, to address three
important aspects:
(1) The nature of virus diagnosis. No one

can pretend that virus laboratories can
investigate every individual “viral” ill-
ness in the community, but they have an
obligation to monitor what is prevalent
in it. Although attractive to a cash
strapped service, selecting specimens on
the basis that some are more likely to
yield positives than others misses the
point of diagnosis—more than one virus
can cause many “virus like” syndromes
and virus excretion does not parallel
exactly the presence of symptoms. To
discard specimens taken from those who
are recovering because the yield may be
low, or where the cause is apparently
obvious, strikes me as arrogant. If some-
one has taken the trouble to send a
specimen, it seems reasonable to look at
it, if only in the hope that the sender
might be encouraged to send others in
the future, especially if it turns out to be
positive. It is a constant battle to get
worthwhile virological specimens sent to
the laboratory—choking them oV is daft.
Moreover, I would further confirm the
Irish view that solid stools may often
yield positives and also that making the
diagnosis by holding the specimen up to
the light (metaphorically speaking) is
very unrewarding. Trends in infection
can only be given some credence if the
specimen base remains more or less
constant. Arbitrary and variable selec-
tion of what will be examined, and what
will not, destroys this base. Elaborating
“a rational policy” is always a recipe for
cutting down what is done (why else
have one?), usually in pursuit of saving
money, and is rarely based on sound sci-
ence.

(2) The question of money. EM is unique
among virological laboratory techniques
in that the major costs of using it
diagnostically (equipment, staV) are in-
curred in setting it up in the first place.
Running costs, in comparison, are trivial,
but savings are thought to be possible by
allowing the operator to work only part
time. Used full time, the technique
becomes less expensive for each speci-
men the more it is used, but this use must
be sensible, and humane to the operator.
Microscopy, and EM in particular, can
never really be a part time occupation—
the operator needs to keep in constant
practice and to be committed to it. The
cream of his/her work should not be
skimmed oV by using other techniques
(enzyme immunoassays, etc)—to detect
rotavirus or adenovirus—for example.
Like everyone else, electron micro-

scopists thrive on getting positive results
and these reward immensely what can be
a lonely working existence. Moreover, the
laboratory gets several simultaneous tests
for its money, results are produced more
quickly than with other tests and, in most
cases, with greater certainty.

(3) The need to retain EM as a non-
centralised resource. With changes in
travel and climate, “new” viruses can
appear anywhere at any time. Part of
characterising a putative new virus,
whether truly novel or merely transferred
to a new habitat, is to know what it looks
like—other properties correlate surpris-
ingly well with structure—and having
only a national, or even a regional, facility
for this purpose is usually a recipe for
serious delay. Specimens from the pe-
riphery do not carry the same urgency as
the facility’s own work, especially if the
latter has to meet internal performance
targets. Passing perhaps the most inter-
esting part to another laboratory is hardly
likely to encourage the local virus hunters
either.

Clamping EM into a “rational policy”,
instead of encouraging its use wherever
possible, will ultimately cause it to die a slow
death from a downward spiral of discourage-
ment. Put in rugby terms, use it or lose it. EM
is the only truly “catch all” technique in diag-
nostic virology. If lost, it will be replaced
(partially, even at best) with a battery of tests
which, collectively, will cost more, take longer
to do, and will frequently miss the dual or tri-
ple gut infections that are common in
children.

1 McCaughey C, O’Neill H, Wyatt D, et al.
Rationalised virological electron microscope
specimen testing policy [letter]. J Clin Pathol
2000;53:163.

2 Curry A, Morgan-Capner P, Caul EO. Authors’
reply [letter]. J Clin Pathol 2000;53:163.

C R MADELEY
Burnfoot, Stocksfield,

Northumberland, NE43 7TN, UK

The authors reply

Madeley’s perception of the continuing use-
fulness of diagnostic electron microscopy
(EM) in virus laboratories is very diVerent
from ours. We believe that diagnostic EM is
becoming largely redundant and will con-
tinue to be replaced by other methods.
Increasingly, these alternatives are molecu-
lar. Such assays are preferable to EM on
grounds of cost, sensitivity, and the inherent
versatility of generic methodology. In our
laboratory, we have replaced EM as our rou-
tine first line test for adult cases of gastroen-
teritis with nested reverse transcription
polymerase chain reaction (RT–PCR) for
small round structured virus (SRSV). We
have replaced EM as the first line test for skin
material with a multiplex nested PCR for
herpes simplex virus (HSV) types 1 and 2
and varicella zosta virus (VZV).1 This
approach has yielded a sixfold increase in
sensitivity over EM.1

Madeley appears to confuse the cost of
expensive commercial molecular assays with
that of much more economical in house
assays. The change from the use of EM and
virus isolation to nested PCR in our labora-
tory was on the basis that the latter approach
was more economical, in addition to the
improved assay performance.2 A typical
reagent cost for our in house nested PCR

assays would be less than £3, including
extraction, and the manpower costs are
considerably less than for traditional
methods.2 The cost of EM is not “trivial”; the
man hours spent are a valuable resource that
can be used more productively within the
diagnostic laboratory.

Molecular assay delivery does not require
operators with more training or experience
than traditional methods such as EM, virus
isolation, and antigen detection. The use of
generic methodology simplifies the training
and skill mixes required to provide a compre-
hensive service compared with that required
for a service delivered via diverse traditional
methods.

The term “catch all” was first applied to
diagnostic EM in the 1970s and is now inap-
propriate. EM is insensitive and non-specific.
Our nested multiplex PCR assay can distin-
guish between HSV-1, HSV-2, and VZV in a
slide from a vesicular skin lesion. EM will
often miss the diagnosis, and even when posi-
tive will only indicate the presence of a virus
from the Herpesviridae family.

In 30 years of diagnostic EM we have
not discovered any new viruses. In the first
year of routinely using nested PCR on all
skin specimens we have discovered a deletion
mutant of HSV type 1.3 Looking for
new viruses via routine diagnosis is not a
function of a diagnostic virology laboratory.
Producing results that aVect patient manage-
ment and infection control in an eYcient,
timely, and economic fashion is a major
function.

If Professor Madeley considers the reward-
ing aspect of diagnostic virology to be the
positive result, then he should welcome the
availability of more sensitive methodology.
There is a responsibility for diagnostic
laboratories continuously to improve their
performance, rather than to continue with
assays whose appeal is aesthetic rather than
functional.

CONALL McCAUGHEY
HUGH J O’NEILL

DOROTHY E WYATT
PETER V COYLE

The Regional Virus Laboratory,
Royal Victoria Hospital, Belfast BT12 6BN, UK

1 Jain S, Wyatt D, McCaughey C, et al. Nested
multiplex polymerase chain reaction for
the diagnosis of cutaneous herpes simplex
and herpes zoster infections and a comparison
with electronmicroscopy. J Med Virol [In
press.]

2 Coyle PV, Desai A, Wyatt D, et al. A comparison
of virus isolation, indirect immunofluorescence
and nested multiplex polymerase chain reac-
tion for the diagnosis of primary and recurrent
herpes simplex type 1 and type 2 infections. J
Virol Methods 1999;83:75–82.

3 Coyle PV, Jain S, Wyatt D, et al. Description of a
nonlethal herpes simplex virus type 1 glycopro-
tein D deletion mutant aVecting a site fre-
quently used for PCR. Clin Diagn Lab Immunol
2000;7:322–4.

The authors reply

Professor Madeley’s comments are very wel-
come but his letter opens up the debate about
electron microscopy (EM) to a much greater
extent than that originally intended by either
the rationalised EM policy paper1 or the
recent correspondence relating to it.2 3 We
strongly agree that EM should not be allowed
to wither and die, but maintaining the relative
abundance of EM units that existed into the
late 1980s was untenable for two main
reasons. First, the development of new inves-
tigative and diagnostic technologies (initially
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enzyme immunoassays and subsequently the
polymerase chain reaction) and secondly
financial pressures that have aVected, not
only the PHLS, but also hospital pathology
departments and universities. Both these fac-
tors have meant that the use of EM in many
centres has been critically reviewed. Many
universities have centralised their EM facili-
ties into units either specialising in materials
science or biomedical science. Within pathol-
ogy, many laboratories have given up locally
provided EM services because of cost consid-
erations and buy only the EM services that
they require from established units, which is
more cost eVective than maintaining a local
EM facility. Within the PHLS, a strategy for
EM was formulated, which resulted in the
formation of a strategic network of EM units
in England and Wales being retained. This
rationalised EM service provided significant
improvements in virus surveillance and
showed—for example, the true importance of
small round structured viruses (SRSVs) as a
cause of outbreaks of gastroenteritis in the
UK.

A fundamental limitation of EM is that
every specimen needs individual examina-
tion by a skilled microscopist. This aspect of
EM cannot be automated and restricts the
number of specimens that can be examined
by a microscopist within a working day. Only
those specimens that warrant individual
attention should be examined, and this is at
odds with Professor Madeley’s view that if a
specimen is submitted it should be exam-
ined. Newer diagnostic methods are very
sensitive, much cheaper for each test, can
handle greater numbers, and often require
less skilled staV to perform them. It
is because of such developments that
EM would no longer be considered as a front
line test for—for example, group A rota-
viruses.

Professor Madeley also makes the point
that EM is relatively cheap after the initial
capital investment. However, this is over sim-
plistic because microscopes and associated
ancillary equipment all have finite lives. Even
if an electron microscope were in operation
for 20+ years, few organisations would have
the money to replace such an instrument on
anything near a one to one basis. Even in the
remaining microscope units, the cost of
annual maintenance contracts for such in-
struments is high, and when taken with the
limited number of specimens that can be
examined and the costs of a skilled electron
microscopist, this means that a virological
examination costs tens of pounds to perform.
We would agree that EM is a “catch all”
method, but specimen numbers and turna-
round times must be considered if an eYcient
diagnostic service is to be provided to the
customer, who has to pay for such investiga-
tions.

What we have tried to achieve with our
specimen testing policy is to provide a range
of diagnostic techniques to our customers,
which necessitates testing only the most
appropriate specimens by EM; this is
underpinned by epidemiological evidence
of the relative benefit of discriminating
between samples as opposed to the “shot-
gun” eVect of unconsidered and unstruc-
tured sampling.

EM does have a future, but this probably
lies with units that have a broad range of
ultrastructural interpretative skills, carry out
several preparative methods (such as negative
staining and thin sectioning), and have a high
throughput of specimens, thus maximising

the use of these expensive facilities. Units able
to undertake a variety of work, with skilled
interpretation, will prosper. However, an
important problem in the medium term is
how to pass on established EM skills to a new
generation of electron microscopists. Few
organisations that have retained EM facilities
have grappled with this problem of succes-
sion planning.

ALAN CURRY
Public Health Laboratory, Withington Hospital,

Manchester M20 2LR, UK

E OWEN CAUL
Public Health Laboratory, Myrtle Road, Kingsdown,

Bristol BS2 8EL, UK

PETER MORGAN-CAPNER
Public Health Laboratory, Royal Preston Hospital, PO
Box 202, Sharoe Green Lane, Preston PR2 9HG, UK

1 Curry A, Bryden A, Morgan-Capner P, et al. A
rationalised virological electron microscope
specimen testing policy. J Clin Pathol
1999;52:471–4.

2 McCaughey C, O’Neill H, Wyatt D, et al.
Rationalised virological electron microscope
specimen testing policy [letter]. J Clin Pathol
2000;53:163.

3 Curry A, Morgan-Capner P, Caul EO. Authors’
reply [letter]. J Clin Pathol 2000;53:163.

Aberrant CD10 expression by NHL

The report by Millar and colleagues1 of
aberrant expression of CD10, the common
acute lymphoblastic leukaemia (ALL) anti-
gen, by the cells of a marginal zone
non-Hodgkin’s lymphoma (NHL) is impor-
tant because it reminds histopathologists not
to rely too heavily on the results of single
surface marker tests. “Aberrant” expression
of CD antigens by malignant lympho-
haemopoietic cells is a phenomenon with
which haematologists have long been
familiar; expression of “myeloid” antigens
CD13 and CD33 by the blast cells of
common ALL and the “B lymphoid” antigen
CD19 by those of acute myeloid leukaemia
with the t(8;21) translocation are two classic
examples. But is not the range of CD10
positive NHL cases already rather broader
than they suggest? We have known for years
that up to 20% or so of lymphoblastic
lymphomas have an immunophenotype in-
distinguishable from common ALL and that
a similar proportion of T cell lymphoblastic
lymphomas, albeit not acknowledged by the
REAL classification,2 may also express
CD10. In addition, the REAL classification
also points out that some cases of mantle cell
and diVuse large B cell lymphoma express
CD10.

The range of monoclonal antibodies that
work superbly on sections of formalin fixed,
paraYn wax embedded tissue is steadily
expanding. The wider use of comprehensive
panels of antibodies in the diagnosis of NHL,
whether on sections or by flow cytometry or
both, will surely reveal more “aberrant”
results, and may even modify our views about
what “aberrant” means.

M M REID
Department of Haematology, Royal Victoria

Infirmary, Newcastle upon Tyne, NE1 4LP, UK

1 Millar EKA, Waldron S, Spencer A, et al. CD10
positive thyroid marginal zone non-Hodgkin’s
lymphoma. J Clin Pathol 1999;52:849–50.

2 Harris NL, JaVe ES, Stein H, et al. A revised
European–American classification of lymphoid
neoplasms: a proposal from the international
lymphoma study group. Blood 1994;84:1361–
92.

Book reviews

The Pathologist. Anim JT. (£7.50.) Square
One Publications, 1999. ISBN: 1 8999 5541 0.

In the current climate of adverse publicity
and a UK manpower crisis in histopathology,
the book’s aim to “project the pathologist and
break some of the myths surrounding his pro-
fession” is most welcome. Dr Anim appears
well qualified to undertake such a task, having
worked in Kuwait, Ghana, and London, and
having experience in the four main pathology
disciplines. Despite being a histopathologist,
he succeeds in minimising the necropsy
fixation of most accounts and gives a consid-
ered overview of each branch of pathology,
highlighting the often overlooked educational
and management aspects of the job.

The book comprises a brief history of
pathology and its subspecialities, analyses
various training schemes and practices world-
wide, and touches on future developments. It
is more than just a factual account because
the author puts forward opinions on the role
of pathology in the undergraduate curricu-
lum, the need for close clinical liaison, and
the frustrations experienced by pathologists
trained abroad who return to work in less
developed countries.

The author acknowledges that some of his
observations on training might be deficient
owing to the speed of recent modifications
which, not surprisingly, is the case in his cov-
erage of the MRCPath examination. Mention
of the specialist training register and the con-
cept of continuing medical education are
notable omissions.

There are several appendices pertaining to
training in the UK, USA, China, and the
USSR, but these would benefit from the
inclusion of contact addresses/web sites for
organisations such as the RCPath, ACP,
IBMS, and IAP and their overseas equiva-
lents. Although the information in the text
seems up to date, the references are disap-
pointing, with many citations of recent
trends/advances dating from the mid-
eighties.

The price is extremely reasonable, which
encourages one to overlook the occasional
typographical errors such as: “the part 2 is less
formal and may consist of a dessertation”!

In my opinion, the author achieves his aim
and this book will be of value to those called
upon to explain the work of a pathologist to
health professionals or lay people, and to
those involved in giving careers advice.

JOANNA S JOHNSON

Atlas of Tumor Pathology: Tumors of
the Upper Aerodigestive Tract and Ear.
Mills SE, GaVey MJ, Frierson HF. ($95.00.)
Armed Forces Institute of Pathology, 2000.
ISBN 1 881 04157 3.

The upper aerodigestive tract comprises the
ear, nasal cavity, paranasal sinuses, oral cavity,
pharynx, and larynx. The 26th fascicle in the
third series of the atlas of tumor pathology,
which is published by the Armed Forces Insti-
tute of Pathology, forms a reliable guide when
facing the diagnostic challenges raised by
diseases in these areas. The colleagues Mills,
GaVey, and Frierson, all well known for their
expertise in the area of head and neck pathol-
ogy, have been successful in creating a book
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that goes into the required details when
discussing the diseases that are specific for the
upper aerodigestive tract. The growth in
knowledge and proliferation of diagnostic
entities associated with the upper aerodigestive
tract are reflected in the fact that the current
fascicle counts 455 pages, whereas the head
and neck fascicle from the previous series had
343. Another diVerence to the previous edition
is the use of colour illustrations, which greatly
enhances the quality of the book.

Of course, there are some issues on which
there may be disagreement with the authors.
The use of the term transitional carcinoma as
a synonym for undiVerentiated carcinoma is
confusing because in the WHO classification
this definition is used as a synonym for cylin-
drical cell carcinoma, the tumour originally
described by Ringertz in his seminal monog-
raphy. Moreover, equating psammomatoid
ossifying fibroma with juvenile ossifying
fibroma is unjustified: these lesions diVer in
histology as well as in predilection site and
age. Finally, the discussion of the bony lesions
occurring in the jaw is meagre but I suppose
they will be the subject of a separate fascicle,
as was the case in the previous series.

I can heartily recommend this book for
anyone who has diagnostic responsibilities for
specimens from the upper aerodigestive tract.

PIETER SLOOTWEG

CD-ROM review

The John Hopkins Atlas of Surgical
Pathology. Epstein JL, ed. (£139.00 +
VAT.) Churchill Livingstone, 1999. ISBN: 0
4430 7933 1

I am a lover of well written textbooks and,
I suspect, like most histopathologists a
relatively late adopter of new technologies
such as the use of the digital image. I
therefore faced the review of this CD-ROM
atlas of surgical pathology with some
trepidation—the reader should take this into
account. This CD-ROM installs, or uses,
Quick Time, Adobe Acrobat, and Folio
Bound Views to present and navigate be-
tween what is stated to be over 4000 images
taken from 1500 diVerent lesion types. The
images are almost all haematoxylin and eosin
stained sections. The quality of photomicrog-
raphy is good—illumination is even, the
staining is not obviously faded, and there are
no colour casts. The colour intensity is rather
strong and occasionally slightly muddy. The
resolution of the images is not obviously
stated, but is such that a full screen image
looks good, without obvious pixellation, but
when the zoom in facility is used, the pixella-
tion becomes obvious when the magnifica-
tion has been increased by 50% or more. In
practice, this meant that the images were best
viewed at full screen and not zoomed at all.

An animated tutorial takes the viewer
through the possible ways of using the atlas. I
found watching the mouse arrow move
around the screen by itself and press buttons
slightly tedious, and aborted this programme
in favour of getting started and pressing all
the buttons myself.

There appear to be two main ways of using
this atlas. The first is entitled “pattern recogni-
tion”. In this, one selects the desired topo-

graphic site from a reasonably comprehensive
list, presented around an image of a ghostly
blue coloured human body, and then screens
are presented primarily by histological pattern,
with possible diagnoses as the subheadings. It
immediately becomes apparent that to navi-
gate this, one has to know the name of the his-
tological picture being looked up—if you do
not know what it is called, you do not know
where to start looking. Thus—for example, if
you were a trainee presented with a case of
crescentic glomerulonephritis but did not
know what it was called, you would have to leaf
through all of the pictures of glomerular
disease to find out what it was called. However,
once there, information about the conditions is
succinct and well edited. The juxtaposition of
competing diVerential diagnoses makes navi-
gating this section rewarding and attractive.
The second main mode of using the atlas is the
“self assessment quiz mode”. In this, one again
selects the desired topographical site and then
brief histories are presented, together with a
collection of thumbnail sketch histological
images. These can then be interrogated further
by enlargement before arriving at a mental
diagnosis. There does not appear to be
anywhere to record one’s diagnosis to the
computer, and to have it marked. Instead, the
diagnosis is revealed after clicking on a button.
This at least avoids the frustration of computer
marking of free text answers, where permissi-
ble near misses get (infuriatingly) marked
wrong. I found it interesting that it was
reasonably easy to predict which cases were
benign and which were malignant from the
number of images presented. Malignant con-
ditions can be justified within a few images.
Benign ones usually take a lot of images at dif-
ferent magnifications to provide evidence of
lack of malignancy. There is obviously “a
learning curve” with the manipulation of
digital images, and I found the exercise very
diYcult compared with direct microscopy of
slides. The main problem appeared to be the
slight over emphasis on high power images, the
inability to select one’s own field, and the lack
of resolution compared with real microscopy.
On the positive side, however, was the require-
ment to make a commitment to a diagnosis on
the basis of a given field. This is obviously
something that could be used in the future for
testing professional interpretation in a very
standardised way.

All of this raises the question “who would
derive most value from the program?”. I don’t
think there is a lot of new information here for
existing consultants. However, I can imagine
the images being useful in teaching (I should
note that I attempted to cut and copy some of
the images out of the program, without know-
ing whether I am allowed to or not, but in any
event, the program would not allow me to do
this). Trainees might prefer this to a paper atlas
because a large number of reasonably high
quality images are contained here, and the
indexing is fine for someone used to navigating
electronic indexes. However, they would need
to be at a level where they know the names of
basic histological patterns. I would therefore
envisage that this would be invaluable to SpRs
as an adjunct to viewing slide collections and
participating in bench work.

I would recommend that departments set-
ting up an electronic learning resource for
their trainees add this to the collection of
available CD-ROM programs and think that
practical use would be seen at least by those
trainees who enjoy operating this type of
technology.

TIM STEPHENSON

Notices

Muscle Disorders: Pathophysiology

Applications and Techniques in
Veterinary Pathology

New Millennium Bugs

Cytopathology Update: Making
Cervical Cytopathology Work

27 September 2000, 5 October 2000,
18 October 2000, and 7 December 2000,

respectively

Four one day symposia held at the Royal
College of Pathologists, 2 Carlton House
Terrace, London, SWIY 5AF, UK. The
symposia are open to members of the col-
lege, to trainee pathologists, and to work-
ers in other disciplines with an interest in
the subject. The programme is approved
for CPD.

Further details: Scientific Meetings Of-
ficer, Royal College of Pathologists, 2
Carlton House Terrace, London SW1Y
SAF, UK; tel: +44 020 7451 6740/6739;
email: www.repath.org

XIII International Congress for
Quantitative Diagnostic Pathology

October 2000

Adelaide, Australia

The web site for this meeting will
be available at the following address
from 12th May 2000: http://som.
flinders.edu.au/fusa/AnatPath/congress/
main1.htm

Practical Adult Cardiovascular
Pathology Course

6–8 November 2000

Royal Brompton Hospital, Imperial
School of Medicine, and National Heart
and Lung Institute

This “hands on” course approaches in
detail the problems that face the diagnos-
tic pathologist when dealing with cardio-
vascular pathology. Congenital heart dis-
ease will be highlighted. The approach to
a cardiac necropsy and sudden death will
be emphasised. Cardiac specimens will be
made available for analysis and practical
demonstrations as well as video demon-
strations. A slide seminar is also included.
The course is aimed at trainees studying
for the MRCPATH and also senior
pathologists who wish to update their
knowledge of cardiac disease, both con-
genital and adult. Course fee £300.00 or
£200.00 for juniors in training.

Details from: Short Course OYce,
National Heart and Lung Institute, Dove-
house Street, London SW3 6LY; tel:
+44(0)20 73518172; fax +44(0)20
73518246; email: shortcourse.NHLI@
IC.AC.UK
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Correction

Western blotting is useful in the salivary
diagnosis of Helicobacter pylori infec-
tion. Ballam LD, Mendall MA, Asante, et al.
J Clin Pathol 2000;53:314–17.

The authors would like to apologise for an
error that occurred in this paper. It was stated
throughout the paper that 665 children were
tested but in fact the number was 669. In
addition, in the first sentence of the results
section of the abstract 530 of 691 (87%)
should be 530 of 619 (86%). The authors
stress that these errors do not change the
message of the paper.

Practice Guidelines for
Non-Hodgkin’s Lymphoma

21 and 22 November 2000

The Royal College of Pathologists, 2
Carlton House Terrace, London SWIY
SAF, UK

A two day symposium that is open to
members of the college, to trainee pa-
thologists, and to workers in other
disciplines with an interest in the subject.
The programme is approved for CPD.

Course fees: fellows/members £150,
trainees, etc £90, and non-members
£200.

Further details: Scientific Meetings
Officer, Royal College of Pathologists,
2 Carlton House Terrace, London
SW1Y 5AP, UK; tel: +44 020 7451 6740;
email: www-rcpath-org

World Assembly on Tobacco Counters
Health (WATCH 2000)

4–8 December 2000

India

This meeting is sponsored by the Inter-
national Congress on Oral Cancer
(ICOOC), the International Association
for the Study of Lung Cancer (IAFTH-
SOLC), the World Heart Federation
(WHF), the Union Internationale Contre
le Cancer (UICC), and the Internatinal
Network of Women against Tobacco.

Further information from: Dr Ranju Ral-
han, Department of Biochemistry,
AIIMS, Ansari Nagar, New Delhi
110029, India; tel +91 11 659 3478; fax
+91 11 686 2663; email: ralhar@
hotmail.com or rralhan@medinst.ernet
.in; website: http://www.watch-2000.org
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