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Abstract
Aim—To use CD45RO immunohisto-
chemistry to investigate the numbers of T
lymphocytes found in sections of myocar-
dium from a routine necropsy series, and
to determine the incidence of myocarditis
in this series.
Methods—Myocardial sections from 163
routine hospital necropsies were stained
with CD45RO and the numbers of positive
lymphocytes/mm2 were counted. The re-
sults were correlated with the H/E opinion
and the clinical context of the necropsy.
Results—Most (143) cases showed low
numbers (0–3) of CD45RO positive
lymphocytes/mm2. Fifteen cases showed
7–13 positive lymphocytes/mm2, compris-
ing a wide variety of clinical conditions,
generally with no specific cardiac pathol-
ogy. Five cases showed 14 or more positive
lymphocytes/mm2, comprising one case of
active myocarditis, three cases of cardiac
transplant rejection, and one post-
transplant lymphoproliferative disorder,
all conditions in which large numbers of
lymphocytes would be expected.
Conclusions—The incidence of myocardi-
tis in our series was 0.6%. In most cases
the normal myocardium has a low T lym-
phocyte count (0–3/mm2). In some cases
immunohistochemistry shows more posi-
tive cells than would have been expected
on light microscopy. Immunohistochem-
istry is a useful and reliable means of con-
firming a diagnosis of myocarditis. The
results support the conclusion of the 1997
ISFC task force that 14 or more lym-
phocytes or macrophages/mm2 of myocar-
dium in the appropriate clinical context is
a reliable threshold for the diagnosis of
chronic myocarditis.
(J Clin Pathol 2000;53:147–149)
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Myocarditis is defined as inflammation and
injury of the myocardium in the absence of
ischaemia.1 Most cases are believed to be viral
in aetiology, although a wide variety of other
causative agents has been proposed, including
bacteria, rickettsiae, fungi, protozoans, toxic
agents, and hypersensitivity reactions. Recent
evidence has suggested that “chronic myocar-
ditis” is the underlying pathology in at least a
proportion of cases of idiopathic dilated
cardiomyopathy, which accounts for 25% of
cases of heart failure.2 Since the publication of
the Dallas criteria,3 the histological assessment
of the myocardium on endomyocardial biopsy

has become the gold standard for the diagnosis
of myocarditis. In 1997 the International Soci-
ety and Federation of Cardiology (ISFC)
revisited the Dallas criteria, and one of their
recommendations was that 14 or more lym-
phocytes and/or macrophages per mm2 of
myocardium was a suitable threshold for the
diagnosis of chronic myocarditis.

In the present study we have used CD45RO
immunohistochemistry to examine the num-
bers of T lymphocytes found in sections of
myocardium from an unselected hospital
necropsy series. We aimed to determine the
incidence of myocarditis in the series, to inves-
tigate the numbers of T lymphocytes found in
the “normal” myocardium, and to assess the
value of immunohistochemistry in the evalua-
tion of a diagnosis of myocarditis. Our particu-
lar interest was to test the validity of the
conclusion of the ISFC task force that 14 or
more lymphocytes and/or macrophages per
mm2 of myocardium is suggestive of chronic
myocarditis.

Methods
ParaYn embedded myocardial tissue blocks
from 163 necropsy cases performed by the
same pathologist over a five year period at our
centre were retrieved. One block per case was
used, as this is what was taken as routine at our
hospital necropsies where no specific myocar-
dial pathology was suspected. Haematoxylin
and eosin (H&E) sections were prepared and
5 µm sections were also stained with CD45RO
(Dako, OPD4) in accordance with the manu-
facturer’s instructions. At least 20 high power
fields of each section were examined on light
microscopy in a stepwise fashion using a “one
field down, two fields over” methodology, and
the number of CD45RO positive lymphocytes/
mm2 was counted. It was noted that some
macrophages and polymorph neutrophils were
also highlighted by the immunohistochemistry.
However, in most cases the cell type could be
discerned morphologically. Where distinction
was not possible the cell was included in the
count. Specific care was taken not to count any
cell within a blood vessel or capillary. The
immunohistochemical and H&E sections were
assessed independently of each other by two
pathologists. The cell count/mm2 was estab-
lished and the results were checked against the
necropsy diagnosis and H&E opinion.

Results
The cases had an age range of 14 to 94 years;
55 were female and 108 male. The results of
the cell count showed the majority (143 cases)
to have less than seven positive lymphocytes/
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mm2 (table 1). It was noted that most had very
few positive cells or none at all. However, 20
cases in which seven or more CD45RO positive
lymphocytes were present were identified.
From these 20 cases, two major groups
emerged. The first group showed 7–13
CD45RO positive lymphocytes/mm2, and in-
cluded malignant neoplasms, treated cardiac
transplant rejection, post-transplant lympho-
proliferative disorder, pancreatitis, ischaemic
heart disease (not showing acute myocardial
infarction), pulmonary embolism, peptic ulcer,
and pneumonia. The second group showed 14
or more CD45RO positive lymphocytes/mm2,
and comprised three cases of cardiac transplant
rejection, one post-transplant lymphoprolifera-
tive disorder, and one case of active myocardi-
tis. With both of these groups it was noted that
there was a substantial field to field variation in
the number of positive cells in a section, rang-
ing from 0 to > 15 positive cells per high power
field, and that positive cells tended to occur in
aggregates in a patchy manner. However, we
found that examination of 20 random high
power fields gave an average per mm2 that was
not altered by examining further fields. The
two groups are displayed in table 2, and a
graphical representation of all the results is
given in fig 1.

Discussion
Prompt and accurate diagnosis of myocarditis
is important given the possibilities of early car-
diac death from fulminant cardiac failure or
slow progression to the state of dilated cardio-
myopathy, which accounts for 25% of cases of
heart failure and which in a proportion of cases
is thought to be caused by chronic
myocarditis.2 It also has relevance when one is
considering possible cardiac transplantation.
The precise incidence of myocarditis at
necropsy has varied considerably in published
reports, but since the introduction of the
endomyocardial biopsy the accurate diagnosis
of myocarditis has become a necessity. Al-
though numerous grading schemes were em-
ployed initially, the publication of the Dallas
criteria3 has permitted standardisation world-
wide.

The Dallas criteria were revolutionary,
although they allowed for “grey” areas such as
borderline myocarditis and diYculties in inter-
preting resolving myocarditis. Recent advances
in immunohistochemistry have led to the
understanding that a variety of cells, including
macrophages, T, B, and NK (natural killer)
lymphocytes, all play a role in the acute phase
of myocyte damage.4–6 The chronic/persistent
phase, in contrast, is characterised by an
inflammatory infiltrate in the myocardium
consisting almost exclusively of T lymphocytes
and macrophages.7 Several studies have shown
that various cytokines and nitric oxide also play
a role in the chronic phase of myocyte
damage.8–10 The pathogenesis of the chronic
inflammatory response is still largely unclear,
however, but some investigators have proposed
that it may represent a form of autoimmune
cytotoxic T cell response.11 12 With regard to
the numbers of myocardial inflammatory cells
typically found in chronic myocarditis, Kuhl et
al examined a cohort of patients with dilated
cardiomyopathy, and concluded that the find-
ing of seven or more T lymphocytes/mm2 was
abnormal and suggestive of chronic
myocarditis.13 The 1997 ISFC task force
reconsidered the Dallas criteria, and one of
their conclusions was that 14 or more lym-
phocytes and/or macrophages per mm2 was a
reliable threshold for the diagnosis of chronic
myocarditis.14 This was the subject of further
discussion at the European School of Cardio-
vascular Pathology in Amsterdam, October
1998. The normal myocardium contains 1.5–
4.0 T lymphocytes/mm2.15

However, most of the studies to date looking
at myocarditis have concentrated on stored tis-
sue samples from positive myocarditis cases
and have used controls largely derived from
non-transplant cardiac surgery. In short, as-
sessment of a normal population has not been
undertaken. Furthermore, as there appeared to
be some debate as to the incidence of myocar-
ditis at necropsy, with figures ranging from
1.06 to 10%,16–20 we chose to assess myocardi-
tis retrospectively within an unselected
necropsy population.

A wide range of immunohistochemical
reagents staining for T lymphocytes and
macrophages is available. We chose CD45RO

Table 1 Breakdown of myocardial CD45RO lymphocyte
counts by case frequency

Cells/mm2 n

0 33
1 39
2 38
3 12
4 10
5 9
6 2
7/7+ 20

Table 2 Analysis of disorder seen versus CD45RO cell
count

Disorder Cell count

Myocarditis 97
Cardiac rejection 10, 53, 20, 196
PTLPD 8, 38
Pancreatitis 8
Pulmonary embolism 8
Ischaemic heart disease 9, 10, 9, 7
Ulcer 7
Pneumocystis carinii/AIDS 9
Neoplasia* 11, 8, 8, 11, 9

*Lung, pancreas, gall bladder, rectum, mesothelioma.
PTLPD, post-transplant lymphoproliferative disorder.

Figure 1 Graphical representation of myocardial
CD45RO+ cell density/mm2 by case frequency.
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as we were conversant with it in our daily prac-
tice. We were aware that this antibody cross
reacts with polymorph neutrophils and some
activated macrophages. However, we found
that neutrophils could easily be distinguished
morphologically, and in most cases macro-
phages could also be discerned. Where there
was doubt about the nature of a positively
staining cell, it was included in the count. This
was not a problem as the 1997 ISFC group
recognised that the inflammatory infitrate in
chronic myocarditis comprises both macro-
phages and T lymphocytes. We took specific
care to exclude positively staining cells present
in capillaries or larger vessels. We also excluded
all cases of acute myocardial infarction.

Our results indicate that in most cases myo-
cardial tissue sampled at routine necropsy has a
low lymphocyte count (0–3 cells) per mm2.
This supports the previous reports on the sub-
ject. Those cases in our study showing 14 or
more positive lymphocytes and/or macro-
phages per mm2 of myocardium comprised one
case of active myocarditis, three of cardiac
transplant rejection, and one post-transplant
lymphoproliferative disorder. These are condi-
tions quite remote from chronic myocarditis
and in which large numbers of myocardial
lymphocytes and macrophages would be ex-
pected. In contrast, those cases showing 7–13
lymphocytes/mm2 covered a wide range of dif-
ferent pathological entities, including a variety
of non-cardiac conditions such as pulmonary
embolism, peptic ulcer, pneumonia, and pan-
creatitis, where a myocardial inflammatory
infiltrate would not be expected, together with
one case of cardiac transplant rejection under-
going treatment, and one case of post-
transplant lymphoproliferative disorder. These
findings indicate that up to 13 lymphocytes
and/or macrophages per mm2 of myocardium
may be found in conditions involving no
specific cardiac pathology. Our work therefore
supports the recommendation of the ISFC task
force that 14 or more lymphocytes and/or
macrophages per mm2 of myocardium in the
appropriate clinical context is a reliable thresh-
old for the diagnosis of chronic myocarditis.

We noted in addition that the immunohisto-
chemistry produced higher scores than we had
expected from light microscopy alone. This
underlines the value of immunohistochemistry
in the diagnosis of myocarditis. In so doing, it
poses the question as to the role of myocardial
lymphocytes in non-myocarditis cases: have
they any specific and significant cellular
interaction, or are they just “passing through”?

We are reassured to find that our results
regarding the incidence of myocarditis (0.6%)
parallels larger series looking at necropsies. We
therefore also recommend the use of immuno-
histochemistry in the necropsy diagnosis of
myocarditis, particularly if standard histology
fails to provide a definite answer. We recom-
mend the examination of at least 20 high power
fields from at least one block. This has particu-
lar relevance in cases of sudden cardiac death
and in patients who have suVered progressive
cardiac failure.

Given the range of immunohistochemical
reagents that can reliably identify CD3 and
CD68, it might be suggested that these two
antibodies should be used in preference to
CD45RO. Indeed, as a result of this study, we
have chosen to use CD3 and CD68 in future
work. However, we recognise the diVerence
between the teaching/research laboratory and
general laboratory, and also the impact of cost
in terms of reagents and time, and we continue
to feel that CD45RO would suYce for the pur-
poses we have outlined.

In conclusion, we feel that this study has
shown the value of immunohistochemistry in
the diagnosis of myocarditis, and has validated
the recommendations of the ISFC task force.
We have also provided evidence to support
previously published data showing the low
incidence of myocarditis found at necropsy in
the general population. The choice of antibod-
ies used appears to be an individual decision.
Further investigations examining the role of
lymphocytes in the myocardium outside myo-
carditis are indicated by this study.
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