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Identification of group B streptococci in tissue
sections using the peroxidase-antiperoxidase method:
a retrospective necropsy study*
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SUMMARY The peroxidase-antiperoxidase (PAP) method was used to demonstrate group B
streptococci in formalin-fixed, paraffin-embedded tissue sections using commercial group specific
streptococcal antiserum. Sections from neonatal necropsies in which postmortem lung cultures
were positive for group B streptococci showed positively stained intra- and extra-cellular cocci in
the alveolar exudate. Many hyaline membranes contained intact organisms whereas some membranes
showed only diffuse positive staining. One case of neonatal death was evaluated in which there was

a clinical diagnosis of group B streptococcal infection, but postmortem cultures were not obtained.
Group B streptococci were identified in the lung by the PAP method. This method may be of
assistance in the postmortem evaluation of certain infectious diseases such as those due to group B
streptococci.

The increasingly frequent recognition of neonatal
infections caused by group B P-haemolytic strepto-
cocci has established this microorganism as an
important cause of neonatal morbidity and mortal-
ity.1-3 Despite early diagnosis and the institution of
antibiotic therapy the mortality rate remains high,
death frequently occurring within 48-72 hours of
birth. Antemortem culture results are often incom-
plete at the time of neonatal death, and the post-
mortem evaluation of infectious diseases is often
fraught with difficulty. Reliable cultures are neither
easily obtained nor interpreted.4-8 We describe an
immunoperoxidase method that can be used to
demonstrate group B streptococci in routinely
processed paraffin-embedded tissue sections. This
technique was used to study 13 neonatal necropsies
retrospectively.

Material and methods

CASE MATERIAL
Necropsies performed at the Medical Center Hospital
of Vermont during 1977 and 1978 were reviewed.
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Four cases of neonatal death in which postmortem
cultures were positive for group B streptococci were
selected for investigation. In a fifth case, a presump-
tive diagnosis of group B streptococcal pneumonitis
was made based on the results of antemortem blood
cultures and a postmortem tissue Gram stain of lung
sections showing Gram-positive cocci.

Eight additional neonatal necropsies were selected
for study in which neonatal death had been associ-
ated with either pneumonitis or chorioamnionitis,
but infection with group B streptococci was not
considered likely.

IMMUNOPEROXIDASE METHOD
The immunoperoxidase (PAP) method was per-
formed essentially as described by Sternberger,9 as
modified by Taylor.'0 Sections were made from
paraffin-embedded tissues obtained at necropsy. The
sections were deparaffinised and placed in a bath of
methanol-peroxide to block endogenous tissue
peroxidase activity. Tris-HCl buffer, pH 7-6, 005 M,
was used throughout the procedure. Specific strepto-
coccal grouping sera prepared in rabbits were
obtained from Wellcome Reagents Limited (Well-
come Research Laboratories, Beckenham BR33 BS,
UK). These sera are used routinely for the determina-
tion of Lancefield groups by the precipitin reactions.
Swine anti-rabbit IgG and soluble immune com-
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Fig. 1 (a) Neonatal lung with prominent dark staining polymorphonuclear leucocytes within
bronchial lumens and alveolar spaces. ( x 160, PAP stain)

_.....

Fig. 1 (b) Polymorphonuclear leucocytes filled with dark
staining cocci. Hyaline membrane also contains many
cocci. (x 1000, PAP stain)

plexes of rabbit antiperoxidase and peroxidase
(PAP) (DAKO-Immunoglobulin, Copenhagen, Den-
mark), prepared according to the method of Stern-
berger,9 were used in the procedure. Antibodies
were diluted with Tris-HCl buffer. Optimum results
were obtained with the following antibody dilutions:
specific streptococcal grouping sera 1:300, swine
anti-rabbit sera 1:20, and PAP reagent 1:100.
The tissue sections were exposed sequentially to

each of the antisera. Antibody-bound peroxidase
was demonstrated by the addition of diamino-
benzidine (0-6 mg/100 ml) in Tris-HCl buffer and
3 % hydrogen peroxide. Sections were then counter-
stained with Harris haematoxylin, dehydrated
through alcohols to xylol, and then permanently
mounted.

TESTS FOR SPECIFICITY
In every case the PAP technique was employed,
omitting the primary antisera to show that endo-
genous peroxidase activity was abolished. The
primary antisera were absorbed with group B
streptococci. The streptococci were fixed for 1 hour
in 10% buffered formalin, concentrated by centri-
fugation, and then resuspended in the antisera to a
concentration of three MacFarland's standards
(9 x 109 organisms/ml). Two overnight absorptions
were performed. The absorbed sera were then tested
on tissue sections known to contain group B
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streptococci. Specificity of the reaction was also
tested by using the PAP method to stain air-dried
bacterial suspensions using stock cultures of strepto-
cocci (groups A, B, F, G), viridans steptococci,
Streptococcus pneumoniae, coagulase-positive and
coagulase-negative staphylococci, and Escherichia
coli. The bacterial suspensions were fixed for 1 hour
in 10% buffered formalin. These suspensions were
prepared at a concentration ofone-half MacFarland's
standard (108 organisms/ml), and 0 05 ml of each
suspension was air-dried on a microscopic slide
before staining.

Results

SPECIFICITY OF THE REACTION

Stains of the air-dried bacterial suspensions prepared
from stock cultures and fixed in 10% buffered
formalin showed dark brown-black positive staining
of bacteria only in the case of group B streptococci.
In all cases treatment with methanol-peroxide
abolished endogenous tissue peroxidase activity.
Positive staining in tissue sections was abolished
after absorption of the primary antisera with group
B streptococci.

RETROSPECTIVE NECROPSY STUDY
Lung sections from three neonatal necropsies with
pneumonitis and lung cultures positive for group B
streptococci were studied. In each case dark brown-

Fig. 2 Dark staining cocci were found within many
hyaline membranes, and some hyaline membranes (arrow)
showed diffuse dark staining, suggesting the presence of
group B streptococcal specific antigen. ( x 1000, PAP stain)

Fig. 3 Septic emboli were identified within multiple
tissues of one case, including renal glomeruli. (x 450,
PAP stain)

black intra- and extra-cellular cocci were readily
identified. Abundant microorganisms within leuco-
cytes was a prominent feature (Fig. la, b). Compared
to tissue Gram stains, organisms were identified
more readily by the PAP stain. Dark staining intra-
cellular organisms could be recognised at low light
microscopic magnifications due to the pale back-
ground staining of the tissues. Intact cocci were
found within many hyaline membranes. In addition,
some hyaline membranes had distinct, diffuse,
brown-black staining (Fig. 2). In one case, post-
mortem lung cultures were not obtained. The final
diagnosis of group B streptococcal pneumonitis had
been based on Gram-positive cocci in a tissue Gram
stain of lung sections and the results of antemortem
cultures. The PAP method confirmed the presence
of group B streptococci. Finally, in a case of
septicaemia due to group B streptococci, septic
emboli were found in sections from multiple organs,
including the lungs, kidneys, liver, and retro-
peritoneal nerves. The coccus was easily identified
by the PAP technique (Fig. 3).

Eight additional neonatal deaths were studied in
which group B streptococcal infection was not
suspected. In these cases, hyaline membranes showed
no staining, and no microorganisms were identified
which had the staining characteristics of group B
streptococci.

Discussion

The clinical features associated with group B
streptococcal infection are well documented.1-31
These infants are usually premature and of low
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birth weight. There is a high incidence of maternal
obstetric complications, especially premature onset
of labour and prolonged rupture of membranes.
The case fatality in the early-onset type of illness is
greater than 50 %.12 The cases we studied had
typical clinical manifestations of group B strepto-
coccal infection. The postmortem findings in these
cases were also similar to those cited in the literature.
Necropsy of neonates with early-onset group B
streptococcal disease usually reveals evidence of
pneumonitis and frequently the presence of hyaline
membranes. Our study confirms previous reports
which have shown that hyaline membranes contain
large numbers of group B streptococci.1" 13 Positive
staining of some hyaline membranes by the PAP
method suggests the presence of group B strepto-
coccal specific antigen even in the absence of typical
cocci. Katzenstein13 had noted this finding previously
using the immunofluorescent technique.
The PAP technique described in this report may

help in the postmortem evaluation of certain infec-
tious diseases. By employing specific grouping
serum, which is commercially available, this method
can be used to confirm the presence of group B
streptococci in routinely prepared histological sec-
tions. In this study the immunoperoxidase stain
confirmed the results of lung cultures and tissue
Gram stains. However, compared to Gram stains,
microorganisms were found more readily using the
PAP method. Previous reports have described the
problems associated with postmortem microbio-
logical investigations.4-8 The PAP method may help
in necropsy cases where adequate cultures were not
obtained or in cases where there is difficulty in inter-
preting results of cultures and tissue Gram stains.
Additionally, this method could be used for the
retrospective evaluation of postmortem material, as
in the present study, or in selected cases seen at the
surgical bench.

Other specific antisera are commercially available
for bacteria with polysaccharide capsules. These
include typing sera for Haemophilus influenzae
type b, pneumococci, and meningococcus groups
A, B, C and polyvalent groups X-Z-W. Specific
serotypes of group B streptococci in tissue sections
might be identified utilising type specific antisera. In
theory, each of these could be used as the primary
antibody in the PAP technique. However, appropri-
ate controls for specificity of the antibody must be
rigidly observed in view of the extreme sensitivity of
the PAP method. The PAP technique is a sensitive,
reproducible method with great flexibility which has
resulted in its increasing utilisation for a variety of
purposes.10 1415 As this method becomes more

refined and 'routine' in the histological laboratory,
multiple applications will be possible.

We gratefully acknowledge Professors JE Craighead,
WC Winn, and TD Trainer for constructive criticism
of the paper, and Mrs Joanne May for preparation
of the text.
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