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A preliminary calibration must be made with a sample
containing a measured activity of P?? with negligible P32,
under identical experimental conditions.

Fig. 2.

Then experiments are made, always under the same
conditions, to estimate the amount of P?2 present in the
mixtures, deducing from the counts of tracks in ““pure”
P32 and in the mixtures on the basis of a linear relation-
ship, referring to equal activities.

.... -

Fig. 3.

Particular attention was paid to the effects of self-
absorption! by making comparison between specimens
evaporated and spread on filter papers, under identical
geometrical conditions.
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1 Laepr and ANDREWS, Nwuclear Radiation Physics (New York,
Prentice Hall Tae., 1948), 236,

{ExPERIENTIA VoL. X1/1]

Three sets of specimens were used;
{1) Freshly preparced P?? in solution;
{2} A solution containing about 309, P3? together with
P32, and
{3) A very old solution containing 999, P33,

All the materials were obtained from A.E.R.E,
Harwell.

Direct measurements of the radioactivities were made
and absorption ¢urves in aluminium were made using a
G.M.4 end window counter, with window and air cor-
rections (Fig. 1).

Ilford G5 nuclear emulsions, 200 g thick werc used in
making the track counts. Weighting according to the
number of points observed in the track was employed.

The photomicrographs show examples of f-ray tracks
in equal areas corresponding to specimens of mixture of
the same activity evaporated in an aluminium dish
(Fig. 2) and when spread on filter paper of thickness 8
mg/em? (Fig. 3).

The results are summarised in Figure 4. The sensitivity
of this method is evident from the fact that the total
activities used in the various experiments lay between
0-015 and 0-035 microcuries.

I wish to thank Professor J. 8. MircHELL for having suggested the
problem of 133 and for much advice.
Jane Mavr

Department of Radiotherapeutics of the University of
Cambridge and the Centro Oncologico del Consiglio Nazio-
nale delle Ricevche in Milan, August 17, 1954.

Zusammenfassung

Es wird eine Methode beschrieben, welche die Be-
stimmung kleiner Mengen P’32 in altem Radiophosphor
erlaubt: P?3-Beta-Spuren werden ausgezihlt in 200 p
dicken Emulsionsschichten, in denen ste in threr ganzen
Reichweite enthalten sind.

The Nature of Viral Inclusion Bodies and their
Differentiation from Non-viral Inclusions

The nature of inclusion bodies has been the subject
of much debate during the past 50 years, and is still not
fully understood!. The purpose of this paper is (1) to
show that all the available evidence can be explained by
a single theory, (2) that the theory will help morpho-
logists to distinguish viral inclusion bodies from non-
viral inclusions, and finally, (3) to propose terminology
which will eliminate the present confusion of terms.

The early discoverers of inclusion bodies considered
them as living organisms, most often as Protozoa. That
was the opinion of PATERSON?, GUARNIERI?, NEGRIY,
Rivorta and DEerpraro’, and others. Filtration ex-
periments which showed that the causative agent of all
the above mentioned diseases can pass through bac-
teriological filters made the protozoan theory, at least
in its primitive form, untenable. Since that time two
schools of thought have held opposed views and brought
forward valuable evidence in support of their opinions.

1 T M. Rivers,General Aspects of Viral and Rickeettsial Injections,
ing Viral and Rickettsial Infections of Man (T.M. Rivers, Lippin«
cott, 1948),

2 R. PaTersoN (1841), cited by Rivers {1928).

3 G. GUARNIERYL. Arch. Sci. Med. 16, 402 (1892).

4 A, Necrr (1903), cited by CoveLL and Danks (1932).

5 Rivorra and DerpraTo (1880), cited by Wooorurr and Goon-
PASTURE (1930).
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According to the one theory, inclusion bodies are the
product of altered metabolism caused by viral or other
agents. This theory was advocated by SanrrrLickl,
Luckr and Laupa?, Cowpry?® HaacEN?, LEPINE and
SAUTTERS, OLiTsky and HARFoOrDS®, ScCHILLER?, ZOL-
LINGERS®, and others.

According to the other theory, inclusion bodies are
made of the virus elements (elementary bodies}, possibly
in an aggregated form comparable to a bacterial colony,
suspended within a matrix made of the host-cell’s
material. This theory wasadvocated by von Prowazek?,
LipscHUETZ1?, GoopPASTURE!!, and WoOODRUFF and
GOODPASTURE!R,

Further confusion is caused by the lack of proper
definitions. Cytologists!® reserve the term inclusions, as
opposed to organoids, to describe those particles which
are not present in all cells and which are ‘passive, lifeless,
temporary constituents of the cell”. There are thus
inclusions of protein, glycogen or other carbohydrates,
pigment, etc, On the other hand, most workers in the
field have not considered intranuclear glycogen, for
example, as an inclusion body and have accepted for the
identification of the intranuclear inclusion bodies the
criteria proposed by CowbDry!* which have also been
applied with slight modifications to the cytoplasmic
inclusion bodies, These criteria are (a) acidophilia;
{b) presence of a clear halo around the inclusion body, and
(c) margination of the nuclear chromatin (obviously the
third criterion cannot be applied to cytoplasmic inclusion
bodies).

It is being generally assumed that many (if not all)
animal viruses contain DNP?!5. This protein is closely
associated with the transmission of hereditary characte-
ristics and is found in the metazodn cells only in the
chromatin matter. The substance appears to be of pri-
mary importance and its presence in any living cell
cannot be considered as a casual finding. The finding of
DNP outside of the chromatin network of a metazoan
cell means therefore, either one of two things: (a) pres-
ence of nuclear remnants, or (b) presence of an extra-
neous organism which has the main characteristics of life
i.e. the potentials of multiplication and of transmission
of hereditary characteristics.

The inclusion bodies occurring in many viral diseases
are Feulgen positive (i.e. they contain DNP) at some

1 F. SANFELICE (1913), cited by WooDRUFF and GOODPASTURE
(1930).

2 A, Lucer and E, LAuDA, Z. ges. exp. Med. 24, 289 (1021); 39, 1
(1924).

3 E. V. Cowbpry, Arch. Path. 18, 527 (1934); Amer. J. Clin. Path.
10, 133 (1940).

4 E. HAaAGEN (1937), cited by BLaxp and Rorinow (1939).

5 P. Lérine and V. SAUuTTER, Ann. Inst. Past, 72, 174 (1946).

¢ P. K. Ouitsky and C. G. HarrorD, Amer. J. Path. 13, 729
(1937).

? E. ScuiLLER, Z. Zellf. mikr. Anat. 34, 356 (1049).

8 H. U. ZoLLINGER, Schweiz. Z. allg. Path. Bakt. 14, 446 (1951).

¢ V. Prowazek (1905), cited by Branp and Rosmvow (1939).

10 B. Liescuuerz, Arch. Dermat. Syph. Orig. 136, 428 (1921);
Jadassohns Handb. Haut- u. Geschlechtskrankheiten, vol. 2
{Springer, Berlin, 1932).

1 E. W. Gooprasturg, Amer. J. Path. 1, 1 {1925).

12 C. E. Woobrurr and E, W, GooprasTURE, Amer. ]. Path. 5, 1
(1929); 6, 713 (1930).

13 A, A, Maxmmow and W. A. Broowm, Textbook of Histology
{Saunders, 1942).

4 E. V. Cowpry, Arch. Path. 18, 527 (1934).

15 T. F. ANDERSON, Pathogenesis and Pathology of Viral Diseases
(Ed. J. G. Kipp, Columbia University Press, 1950), — H. HypeN,
The Nucleoprotesns tn Virus Production. Cold Spring Harbour
Symposia on Quantitative Biology, vol. 12 (1947).
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stage of their development. This has been shown for the
following viral diseases: variola!, vaccinia? herpes?,
psittacosis and lymphogranuloma venercum?, B-virus?®,
yvellow fever?, rabies?, trachoma®, verruca vulgaris?,
salivary gland virus (the so called cytomegalic disease
of infants??, as well as rabbit papilloma and human and
swine influenzatt,

It has been shown that the amount of DNP in some
inclusion bodiest? rises steadily until a certain peak is
reached, after which it may diminish until the inclusion
is Feulgen negative, cosinophilic and hyaline. It is clear,
therefore, why the same inclusion bodies have been
described as Feulgen positive by some authors and as
negative by others. Conflicting reports have been
published on the Feulgen staining of the inclusion bodies
of rabies {comparc PavuL and Scawrinsurc!¥3toCoveELL
and Danxks!'® and WoLman and BeHAR?S, of the cytom-
egalic disease of infants {compare CaPpELL and McFARr-
Laneldwith BurmisTERY, and of herpessimplex (compare
CowbnRry!'®) and LepiNg and SAUTTER!? with CROUSE ef
al.?®, and WoLmaN and BeHAr?L

On the assumption that the Feulgen positive material
within the inclusion bodies represents the virus particles 22,
the aforementioned studies scemed to indicate that an
inclusion body undergoes a definite cycle in which an
initially small number of virus particles multiplies
within the inclusion body until a certain limit is reached.
In some viral diseases the number of virus particles later
begins to decrease, until finally the particles disappear.
This is in complete agreement with the observations

1P, K. Mmovipov (1933), cited by Minovivov, Physik und
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made by WooDrUFF and GOODPASTURE! on the infecting
capacity of “young’ versus “old’ inclusion bodies, as
well as with the result of titration experiments?, and of
current opinions on virus synthesis.?

The evidence to date is that inclusions which are not
caused by viruses never contain DNP. The inclusions
found in gliomata* are eosinophilic and hyaline and
therefore presumably Feulgen negative. The same ap-
plies to inclusions ohserved after extensive burns or
after X-ray treatment® Inclusions due to chemical
agents such as bismuth and lead salts, aluminum hydro-
xide, ferric hydroxide were all reported to be Feulgen
negative®.

In order to eliminate the possibility that such in-
clusions might also contain DNI at some stage of their
development, WoLMaN7 has recently studied the stain-
ing characteristics of these inclusions at early stages of
their formation. It has been found that these inclusions
never contain DND.

On the basis of the evidence presented above it is
contended that viral inclusion bodies contain at some
period of their development DNP and that the DNP
present in them represents the virus. Pending corrobora-
tion from further studies on animal viruses, it is sug-
gested that the presence of Feulgen positive inclusion
bodies be considered as strong prima facie evidence for
the viral nature of the process. The finding of Feulgen
negative inclusion bodies should not be considered as
excluding a viral etiology until the presence of a Feulgen
positive stage in some phase of the development has been
excluded.

It is suggested that the term “inclusion body’” should
be reserved for those structures which are either Feulgen
positive, or which exist with other elements which are
Feulgen positive, or for such inclusion bodies which are
known to have been Feulgen positive at some stage of
their development.

The term “‘inclusion’” as distinct from “‘inclusion
body” should continue to cover all the formed aggregates
of passive temporary constituents of the cell. The former
term is appropriate for the intranuclear glycogen deposit
of the diabetic liver cell, the siderotic granule of the
erythrocyte and the inclusions found in the kidney tubule
cell in lead poisoning. The term “inclusion’” is considered
to be more time honored and less misleading than the
term “Pseudo-inclusion” suggested by LIPSCHUETZ in
19328, M. WormanN
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Depavtment of Pathology, The Hebrew University-
Hadassah Medical School, Jevusalem, April 28, 1954,

Zusammenfassung

Auf Grund der vorhandenen Information wird ge-
schlossen, dass virale Einschlusskérper zu einer gewissen
Zeit ihrer Entwicklung DNP, also elementire Virus-
teilchen enthalten. In nichtviralen Einschliissen wurde
DNP niemals gefunden. Es wird ein Weg fiir die mor-
phologische Unterscheidung zwischen Einschlusskor-
pern (Virus) und Einschliissen anderer Natur vorge-
schlagen.

Isolation of Actinophages

The existence of bacteriophages acting upon actino-
mycetes was first reported, in 1936, by WiesoLs and
WIERINGAL Since then, no new investigations on the
subject were published to our knowledge, but for the
simultaneous isolation of a very specific actinophage,
acting only upon certain streptomycin-producing strains
of Streptomyces griseus, by SAUDEK and COLINGSWORTH?
and by WoopRUFF, NUNHEIMER, and LeEg?, This parti-
cular phage was frequently observed later on in many
streptomycin plants, and was studied by ReiLLy,
Harris, and WaksMaN?, by WaLrLtonx® and, more
recently, by one uf us®.

Fig. 1.~Isolation of actinophages. Sixteen different strains of Strepto-
myces were streaked on “manure-agar”. About one half of them show
typical plaques of bacteriophagy.

A systematic search for actinophages was under-
taken in our laboratory, using the following method,

1 . L. WiesoLs and K. T. WIERINGA, Bacteriophagie een alge-
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1936).
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3 H. B. Wooururr, T. D. NuvuriMer, and 8. B. Leg, J. Bacter.
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4 H{.C. Renny, Do A, Hagrwis, and S, A, Waxsman, J. Bacter.
54, 451 (1947).

5 R. B. WaLtoy, Antib. and Chemother. 1, 518 (1851).

6 . WrLscH, C. r. Soc. Biol. 148, 726 {1954).



