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Knowledge of pneumocystis pneumonitis has developed far more
rapidly in Europe than in the United States or elsewhere in the world.
It appears timely, therefore, to present the current concepts of this
condition and to include a discussion of the possible relation of
this infection to pulmonary cytomegaly.

Plasmacellular Interstitial Pneumonitis (Pneumocystis
Pneumonitis) of the Newborn

In recent years there has been seen in central Europe a peculiar type
of infantile pneumonitis which apparently does not occur in the
United States. General attention was directed toward this disease
when Ammichl in Berlin (1938) and Benecke2 in Rostock (I939) re-
ported a considerable number of such cases.
The disease scarcely ever occurs before the 6th week of age or after

the 6th month,8 and is evident most frequently between the ioth and
14th weeks. It appears primarily in premature or in mature dystrophic
infants, in hospitals and nurseries. The incubation period is about 6
weeks.4 Today the clinical and roentgenologic diagnosis is quite sim-
ple.5 The mortality lies between 3o and 40 per cent. In adults a
similar disease has been seen only twice: a 6o-year-old female with
Hodgkin's disease (Vanek8), and a 48-year-old male with myeloid
leukemia (Jirovec and Vanek7).
At necropsy there can be seen an almost homogeneous gray-white

consolidation of all lobes of the lungs. Histologically (Fig. i), there
is extensive plasmacytic infiltration of the alveolar septa (interstitial
plasmacytic pneumonitis). The alveolar lumina contain either edema-
tous fluid or a peculiar foamy material. There is almost no fibrinous
exudate.
The etiology of the disease was unknown until van der Meer and
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Brug,8 Vanek and Jirovec,9 and Giese'0 recognized the foamy material
in the alveolar lumina as parasites. Vanek and Jirovec, together with
most of the other authors, believed the parasites to be Pneumocystis
carinii, a protozoon. They spoke of pneumocystis pneumonitis. The
term Pneumocystis carinii had been coined by the DelanoWsl to desig-
nate a parasite previously described by Carini.'2 Giese, on the other
hand, considered the parasites to be yeasts and the foamy structures
ascispores and ascospores. Recently it has been saidl3 that it is possi-
ble to culture the parasite and to identify it as belonging to the Endo-
mycetes of the genus Saccharomyces.'4'16 The fact that therapy has
not been successful with the drugs employed against protozoa but with
those against fungi could be interpreted in favor of Giese's opinion.
The question of the nature of the parasites, therefore, cannot be con-
sidered as completely settled, although pneumocystis is most likely to
be the agent.17 Some authors,13'16 by inoculating the parasites into
newborn mice and cats, succeeded in producing a disease similar to
that seen in humans. As the parasite can be found also in every case
of this disease in humans, Koch's postulates would be fulfilled. One
can thus regard the parasite as the causative organism of interstitial
plasmacytic pneumonitis.
The parasites can be found in smears from the lung, in bronchial

secretions, and in histologic slides. They most often form large con-
glomerates, but occasionally lie singly in edematous alveoli18 bordering
an area of pneumonic infiltration. One can assume, therefore, that
they occupy an alveolar lumen first as single individuals and then
multiply, using up the edematous fluid, until they completely fill the
alveolus'8 (Fig. 2). The plasmacytic infiltration of the alveolar septa
seems to appear at the same time. Using special stains, one can even
see single phagocytized parasites in alveolar septa'8"19 (Fig. 3). They
have been reported in one case in organs other than the lung.20 Pneu-
mocystis has been found in rodents, rabbits, dogs, and sheep.7'21'22

In the honeycombed conglomerates within the alveolar lumina some
isolated, light-refracting "cysts" may be seen.23 Both conglomerates
and cysts contain large amounts of acid mucoproteins and stain in-
tensely with the periodic acid-Schiff (PAS) stain.'8 They can be im-
pregnated with Levaditi's silver method23 and stain metachromatically
with toluidin blue.24 The cysts (sporogonia), furthermore, take Grid-
ley's25 and Weigert's stains. They include one, two, four, or eight
Feulgen-positive clumps, which are the spores. Occasionally the dis-
integrating parasites form a granular, intensely eosinophilic material
in the center of a conglomerate.

There is a remarkable frequency of combination of cytomegalic dis-
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ease and interstitial plasmacytic pneumonitis.2628 In a non-selected
group of 200 infants, cytomegalic disease of salivary glands was diag-
nosed 25 times; all of these infants except 2 had an interstitial
pneumonitis at the same time.27 It seemed worth while, therefore, to
consider the possibility that pneumocystis pneumonitis may occur also
in adults with cytomegalic disease much more frequently than is sus-
pected.

Cytomegaly in the Lungs of Adults
There is no doubt that cytomegaly of the lungs in adults does occur

without pneumocystis pneumonitis. I myself have seen such a case in
a 32-year-old male, who died of a sarcomatous type of Hodgkin's dis-
ease, mainly localized in the lungs and combined with severe cachexia.
Bordering an area of pulmonary infiltration, there were numerous
cytomegalic alveolar cells (Fig. 4) which were not present in other
areas of the lung or in other organs. The lumina surrounded by the
cytomegalic cells were empty (Fig. 5); accordingly, there was no
"cytomegalic pneumonitis."

It is remarkable that there was a neoplastic disease of the hemato-
poietic system also in 2 other cases of cytomegalic pulmonary disease
in adults (Wyatt et al.,29 Reinhard et al.30). All 3 patients were
severely emaciated; thus it is probable that the presence of cytomegaly
in the lungs is purely accidental and a final phenomenon, as pointed
out by Ackerman in Reinhard's case.

In another similar case described by Von Glahn and Pappenheimer,31
the cytomegaly was combined with pneumonitis, but I am unable to
say whether the authors considered the cytomegaly to be related to
the cause of the pneumonitis.

Cytomegaly and Pneumocystis Infection in the Lungs of Adults
In 1952, Vanek6 reported a case of pneumocystis in a 6o-year-old

female with cytomegaly of the lung. In the American literature there
have been reported 3 cases of cytomegalic inclusion pneumonitis in
adults (McMillan,32 Wyatt et al.33). As some of the photomicrographs
appeared to me to be suggestive of pneumocystis infection, I asked
Dr. McMillan to send me several unstained slides of his case, which
he was kind enough to do. The patient was a 6o-year-old Japanese
female who died in Montreal in I945. I can add nothing to Dr. Mc-
Millan's excellent case history and anatomical report and should like
only to stress that, as in the infantile interstitial plasmacytic pneu-
monitis, all lobes of the lung were consolidated and grayish white.
Microscopically, McMillan (and also Wyatt and his co-workers in
their 2 cases) found, apart from the cytomegalic cells, polymorphonu-
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clear cells and bacteria (Streptococcus viridans) as well as an eosino-
philic protein coagulum, but almost no fibrin in the alveoli.

These protein coagula most often lie in the center of the alveoli and
are surrounded by a lighter staining border consisting of numerous
round vesicles or honeycombs which can be seen under high power
(Fig. 6). Both center and border stain intensely with the PAS tech-
nique (Fig. 7). With Masson's trichrome stain the vesicles are seen to
contain very small granules. With Gridley's25 (Fig. 8) and Weigert's
(Fig. 9) stains one can easily recognize the cysts (sporogonia) of the
parasites. I am convinced, therefore, that parasites were present in
McMillan's case and that they are identical with those found in Euro-
pean infantile interstitial plasmacytic pneumonitis (viz., Pneumocystis
carinii). I have not been able to recognize any regular connection
between the appearance of cytomegalic alveolar epithelial cells and the
previously described changes in the lung. The cytomegalic elements
seem to be scattered more incidentally in the lung.
As far as the histologic picture is concerned, however, there are

several significant differences between the condition in infants and
these adult cases.

i. In the adults there are often very numerous polymorphonuclear
cells in the alveoli, occasionally even occurring without parasites. In
McMillan's32 case this seemed to be due to the simultaneous infection
with streptococci, which could be found in great numbers in the
alveoli. Sometimes one even has the impression that the clumps of
parasites have been broken up and dissolved by the polymorphonuclear
cells in the alveoli.

2. In McMillan's case32 the alveolar septa are only very sparsely
infiltrated with polymorphonuclear cells and lymphocytes. At least
one would not make the diagnosis of interstitial pneumonitis from this
histologic picture.

3. Nevertheless, the septa in some areas are very much enlarged by
a material resembling edematous fluid under low power. Under high
power and with special stains it can be seen that this is a massive
infiltration with parasites (Fig. io). With elastic tissue stains a
sparsity of the elastic framework of the alveolar septa is noticeable.
Therefore, I suppose that the infiltration with parasites leads to a
breaking apart of the elastic tissue and finally to its destruction.

4. In some places emphysematous alveoli can be seen, bordered
by hyaline membranes, as in the newborn (Fig. ii). Underneath the
thin membranes in the alveoli, clumps of parasites again can be found.

I do not doubt that in both cases of Wyatt and co-workers33 the
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parasites could be found in addition to the cytomegalic cells. These
authors themselves identified their cases with that of McMillan32 and
I, too, find in their description the same characteristic features: pro-
tein coagula in alveoli and bronchi, sparsity of fibrin, and hyaline
membranes. In addition, there can be recognized in their figures 5 and
6 the characteristic honeycomb cysts with granules. In contradistinc-
tion to the case of McMillan, there is found in both cases of Wyatt
and co-workers a localized monocytic and lymphocytic, as well as
plasmacytic, infiltration in the septa. The same is true also in Vanek'sf
case.
We can thus confirm that in 2 known adult cases the cytomegaly in

the lung was accompanied by a pneumocystis infection (Vanek's8 and
McMillan's32 cases), while it seems highly probable that in the cases
of Wyatt and co-workers33 also such a pneumocystis infection was
present.

Pneumocystis Infection in Adults
There may exist in adults, however, as in infants, a pneumocystis

infection of the lung without cytomegaly. In both known cases-a
48-year-old male, who died of myeloid leukemia and lobar pneumonia
(Jirovec and Vanek7), and a 2i-year-old male, cause of death un-
known (van der Meer and Brug8)-pneumocystis infection was sim-
ply a secondary finding at necropsy.

DIsCUSSION
There are in adults, clear pneumocystis infections of the lungs with

pneumonitis, pneumocystis pneumonitis with cytomegaly, and cyto-
megaly without pneumocystis infection and without pneumonitis. With
these facts in mind, we must ask ourselves whether we actually are
right in speaking of cytomegalic inclusion pneumonitis and, conse-
quently, in considering the cytomegalic virus responsible for these
inflammatory changes in the lungs of adults. In McMillan's32 case,
for instance, two other organisms, pneumocystis and streptococcus,
were present in addition to the cytomegalic virus, so that in this re-
spect the case is inconclusive. In Vanek's8 case and most probably
also in the 2 cases of Wyatt and co-workers33 there was present, in
addition to cytomegaly, a pneumocystis infection; this infection rather
than the cytomegalic virus was quite probably responsible for the
inflammatory changes. On the other hand, in my own case and in 2
cases from the literature, cytomegaly in the adult lung was present
without pneumonitis. I find, therefore, no evidence that the cyto-
megalic virus alone is capable of causing pneumonitis in adults. It is
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possible that the relationship is different in infants, but one must first
eliminate the possibility that in cases of infantile pneumonitis with
cytomegaly the inflammation may be caused by a different agent
(bacteria?) than in adults.

Hitherto, I have believed that the parasites causing infantile inter-
stitial plasmacytic pneumonitis have been confined to central Europe.
Recently, however, cases have been reported in Scandinavia34'35 and
Great Britain.36 McMillan's32 case demonstrates that the parasite oc-
curs also in North America, so we must consider the possibility also of
an occasional fatal infection of this type in the newborn in North
America.

SUMMARY
In the case of fatal inclusion-disease pneumonitis described by Mc-

Millan32 in I947, the same parasite (Pneumocystis carinii) has been
found as is known to cause an interstitial plasmacytic pneumonitis
in the newborn in Europe. This pneumonitis in Europe is frequently
combined also with cytomegalic disease. Accordingly, as this parasite
occurs in North America, one must consider the possibility of an occa-
sional infection of this type in the newborn of that region.

It seems doubtful that there is in adults a pneumonitis due to cyto-
megalic infection, since a simultaneous infection with these parasites
most probably was present also in the other known cases of cytomegalic
pneumonitis (Wyatt et al.83).
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LEGENDS FOR FIGURES
FIG. i. Interstitial plasmacytic pneumonitis of the newborn caused by Pneumocystis

carinii. The alveoli are filled with apparently homogeneous material. Hema-
toxylin and eosin stain. X 50.

FiG. 2. Pneumocystis pneumonitis of the newborn. A bronchiole is filled with a
conglomerate of parasites. Periodic acid-Schiff's (PAS) stain. X 700.

FIG. 3. Pneumocystis pneumonitis of the newborn. Parasites in the alveolar septa
are indicated by arrows. PAS stain. X goo.
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FIG. 4. Cytomegaly of the lung in an adult with Hodgkin's disease. Hematoxylin
and eosin stain. X I50.

FIG. 5. From the same case as Figure 4. X 6oo.

FIG. 6. McMillan's32 case. Two cytomegalic cells at the alveolar septum. The lumen
of the alveolus is filled by a conglomerate of pneumocystis. Masson's trichrome
stain. X 700.

FIG. 7. McMillan's32 case. The conglomerates of pneumocystis in the alveoli are
intensely stained with the PAS method. Enlargement of the alveolar septa may
be noted. (See also Fig. 9.) X I70.
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FIG. 8. McMillans32 case. The cysts in a mass of pneumocystis are stained with
Gridley's25 fungus stain. X 8oo.

FIG. 9. McMillan's32 case. The cysts in a conglomerate of pneumocystis are stained
with the Gram-Weigert stain. X I040.

FIG. IO. McMillan's32 case. An alveolar septum is greatly enlarged by infiltration
with pneumocystis. (See also Fig. 7.) X 670.

FIG. II. McMillan's32 case. Hyaline membranes line the alveolar septa. Hema-
toxylin and eosin stain. X 5o.
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