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In our study of the pathology of experimen-
tally induced lobar pneumonia in the dog (1, 2)
certain striking changes in the architecture of the
lung parenchyma and the character of the cellular
exudate were observed to occur regularly at the
time of recovery. These changes consisted of an
initial thickening of the alveolar walls due prin-
cipally to an increase in the number and size of
the large mononuclear septal cells and a subse-
quent liberation of these cells into the air spaces
where they assumed the functions of the free
histiocyte or macrophage. The newly mobilized
macrophages were actively phagocytic, taking up
polymorphonuclear leukocytes, red blood cells and
pneumococci, and soon became the predominant
cells of the rapidly thinning intra-alveolar exu-
date. Pneumococci diminished ini numbers or
disappeared entirely in such areas. This process
was always found accompanying resolution.

The similarities observed between the patho-
genesis of the experimental pulmonary lesion and
that of clinical lobar pneumonia (3) suggested
that regression of the two lesions might also occur
in the same manner. In order to investigate this
phase of the disease in human beings, a study was
made of autopsy material from cases of lobar
pneumonia in whom the age of the various lobe
lesions had been determined during life by serial
x-rays. It was hoped thereby to obtain as com-
plete a picture as is possible from postmortem
material of the changes occurring in the inflam-
matory process during the various stages of the
infection.

The occurrence of large mononuclear cells in the
exudate of the consolidated lung in lobar pneumonia was
described many years ago. Pratt (4) in 1900 gave an
excellent account of the changes in the cellular picture

' Reported in abstract form in the Proceedings of the
Society for Experimental Pathology; Arch. Path., 1933,
16, 305.

observed through the different stages of the disease. He
described two types of mononuclear cell, one resembling
the transitional leukocyte, which was present only in the
early lesion; the other a large phagocytic cell occurring
late in the disease. The former he considered as prob-
ably coming from the blood; the latter as arising from
the alveolar walls which showed marked proliferation of
the " alveolar epithelium." Pratt also observed these same
large phagocytic cells in the hilum lymph nodes. He
states further that after the 9th day of the disease
" desquamated epithelial cells " were frequently found
predominating in the exudate. Mallory (5) observed
the appearance of " endothelial leukocytes " in large num-
bers at times in the stage of resolution. Most patholo-
gists since have paid relatively little attention to these
large mononuclear phagocytic cells in the pneumonic
exudate, and when mentioned, they have been designated
as desquamated epithelial cells. Loeschcke (6) describes
such cells as replacing the polymorphonuclear leukocytes
of the exudate in the late stage of the disease and assigns
to them the function of removal of the fibrin.

Recently, however, two investigators, Fried (7, 8) and
Costa (9), have called attention to the prominence of the
macrophages in the process of resolution in lobar pneu-
monia. Fried has also described the progressive mobili-
zation of macrophages in experimental allergic inflanuma-
tion of the lungs. His inferences concerning the im-
portant r6le played by the lung macrophages in the body's
defense against pathogenic microorganisms are based
chiefly on his studies in experimental infection with
the tubercle bacillus. Costa's study deals directly with
the changing cellular picture in the human pneumonic
process. By means of vital stains of tissues obtained
1 to 2 hours after death he was able to distinguish two
types of mononuclear cells appearing in the intra-alveolar
exudate of the older lesions, one which he identified as
a monocyte, and the other as a histiocyte or macrophage.
The relative numbers of these cells, especially the macro-
phages, increase toward the terminal stages of the dis-
ease. Their origin he ascribes to the local septal cells, an
increase in the number of which produces a thickening
of the alveolar walls. He postulates a relationship
between this mononuclear transformation in the lungs
and the crisis in pneumonia, but gives no bacteriological
or immunological data. No detailed observations on the
relation of the macrophages to the distribution of pneu-
mococci in the lesions of lobar pneumonia have been
reported. Several writers state that pneumococci become
fewer as the disease progresses, and Loeschcke did ob-
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serve that they disappeared with the replacement of
polymorphonuclear leukocytes by " desquamated epithelial
cells " but makes no comments on the possible anti-
pneumococcal activity of these cells.

MATERIALS AND METHODS

The pathological material was provided by 40 cases of
pneumococcus lobar pneumonia in adults dying at in-
tervals of from 6 to 12 hours to two months after the
onset of the disease, and eight cases of pneumonia due
to other microorganisms. All but 4 of these patients
were studied at the University of Chicago Clinics and
the Minneapolis General Hospital. Specimens from three
cases were sent us from the Hospital of the University
of Minnesota and one from the Hospital of the Rocke-
feller Institute.2 The Type Pneumococcus was deter-
mined during life in most instances, and by culture of
the lungs after death. They included Types I, II, and
III and Group IV. The age of the lesions in the differ-
ent parts of the lung were determined, first, by history
of onset of disease for the dating of the initial process,

2 We are much indebted to Dr. Hobart Reimann of
the University of Minnesota and Dr. Edward E. Terrell
of the Rockefeller Institute for the material from these
carefully worked up cases.

and second, by serial x-rays for the detection of secon-

dary lesions.8 Daily x-rays from the time of admission
until death were made in twenty-three of the cases. Most
of the other patients had only a single x-ray. In some

of the early fatal cases no x-rays were made. In addi-
tion to x-rays, daily physical examinations of the lungs
were recorded in most instances. None of the cases

included in the series had been treated with immune
serum. The lesions classified by age in Table I included
only those which could be dated to within 24 hours. In
more than half the series daily observations on bacteremia
and immune substances were made. Descriptions were

recorded of the gross appearance of the different areas

of the lung from which the sections were taken. Large
pieces of tissue 3 to 4 cm. in diameter were removed;
often 2 or 3 from a single lobe, depending on the varia-
tions in the appearance of the cut surface. The tissue
was fixed in Zenker's solution containing 5 per cent acetic
acid and embedded in paraffin. They were stained with
a modified Gram Weigert technique devised by Mrs. H.
M. Wallace (11) which brings out clearly the cell struc-
ture and boundaries as well as the microorganisms.

3 In about half the cases in which serial x-rays were
made, stereoscopic films were obtained by means of a

special apparatus devised by Hodges and Lipscomb (10).

BLE I

Time of development of macrophage reaction

Predominant cell Macrophage Number of State of
Total in alveolar exudate reaction pneumococci pneumococci

Age of lesion omlober
lesions Poly- Macro- None Begin- Wl e Ab- Mostly Mostlymlorpho- phg igdevel- Many Fewtrtare

nuclea opdcellular
Cases dying 6 to 21 hours 2 2 0 2 0 0 2 0 0 1 1

early 24 to48 hours 1 1 1 1 1

Ist 24 hours 11 9* 2 7 4t 0 7 4 0 9 2
1 to 2 days 5 5 0 2 3 0 5 0 0 1 4
2 to 3 days 5 5 0 5 0 0 5 0 0 0 5

Lesions 3days 6 6 0 4 2 0 6 0 0 2t 4
(lobes) 4days 9 9 0 5 4 0 9 0 0 0 9
during 5days 8 8 0 3 4 1 5 3 0 1§ 7
active 6days 6 4 2 2 2 2 3 2 1 0 5
stage of 7 days 11 9 2 4 5 2 8 2 1 0 10
disease 8 days 5 4 1 2 2 1 3 1 1 0 4

9 days 6 3 3 0 3 3 3 3 0 0 6
10 days 7 0 7 0 0 7 0 2 5 0 2
11 to 12 days 4 1 3 1 0 3 1§ 3 0 0 4

1 to 2 weeks after
Lesions after recovery 31 0 3 0 0 3 0 1 2 0 1

recovery 1 to 2 months after
recovery 3¶ III 2 0 0 3 0 0 3

* One of these lesions showed more red blood cells than polymorphonuclears.
t These two lesions were from a patient dying at the end of 3 days.
t Reaction very slight and focal in distribution.
§ Macrophage reaction absent.

Recently established bronchopneumonia due to streptococcus and staphylococcus.
Three cases.
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7'he macrophage reaction

Early in the study it became evident that with
the advancing age of the pneumonic lesion there
occurred changes in the histology of the lung
parenchyma and cellular exudate analogous to
those observed in the experimental canine process
approaching the stage of resolution. The evolu-
tion of this cellular transformation could fre-
quently be observed in lesions of different age in
a single case. Microphotographs shown in Fig-
ures 1 to 4, made from sections of lesions varying
from 2 to 3 days to 9 days old in a case of Type
III pneumococcus lobar pneumonia, illustrate the
several stages in the development of the macro-
phage reaction as observed in the human being.
The first evidence of the reaction consists of an
increase in the number of large mononuclear cells
in the alveolar walls, many of which protrude into
the air space (Figure 2). This results in a thick-
ening of the septa. A comparison of Figure 1,
which shows the typical appearance of the red-gray
stage of hepatization of a lesion 2 to 3 days old,
with Figure 2, taken from a 3 to 4 day process
showing a beginning macrophage reaction, reveals
clearly the characteristic change in structure. At
this early stage the intra-alveolar cellular exudate
is predominantly polymorphonuclear in character.
As the process develops the large mononuclear
cells become detached from the alveolar wall and
enter the exudate where the majority of them
exhibit the appearance and phagocytic functions
of the macrophage (Figure 3).4 These cells
gradually replace the polymorphonuclears, the
total number of cells composing the exudate di-
minishes, the fibrin disappears progressively, and
open space begins to appear in the air sacs. This
stage is represented in Figure 4 taken from the
initial lesion which began nine days before death.
The perivascular accumulation of mononuclear
cells which composed a conspicuous feature of
the macrophage reaction in the dog was found
in the human lung only occasionally and to a
slight degree. Mitotic figures were seldom en-

4 While we have not made a study of the vitally stained
cells in the pneumonic exudate in human lobar pneumonia,
such observations have been carried out in the experi-
mental canine disease. It was found that the majority
of the large mononuclears in the resolving exudate were
true macrophages (2).

countered either in the human or the canine le-
sions. No differences in cellular response could
be detected between the several types of pneumo-
coccus pnenmonias.

The same type of tissue cell reaction was ob-
served in the lymph glands at the hilum of the lung.
The development of the process cannot be followed
as easily in this site as in the lung parenchyma,
but when well developed it exhibits a striking
picture (Figure 5). The dilated sinuses contain
large numbers of typical macrophages and many
other smaller mononuclear cells. Large mono-
nuclear cells can be observed attached to the walls
of the sinuses and also frequently in the midst of
the lymphoid tissue. In several instances a defi-
nite macrophage reaction was observed in the
lymph node at the hilum of a lobe which showed
very little or no response of the macrophages in
the lung parenchyma.

The stage of the inflammzatory process at which
the iniacrophage reaction occuirs.

Relationi to resolutioni
In order to determine the time at which the

macrophage reaction tends to occur in the develop-
ment of the pathological process, all the lesions
by lobes, of approximately known age were
grouped as shown in Table I. This tabulation
comprises 91 lesions occurring in 40 individual
cases. Many other lesions in these and other cases
could not be included because of lack of adequate
data as to age. Furthermore, unless one stage of
the pathological process was found to predominate
in the lesion, it was not included in the tabulation.

It was found that the appearance of the macro-
phage reaction was not confined to any one stage
of the disease, but in lesions up to the fourth day
the reaction was relatively slight in degree and
occurred in a smaller percentage of the lesions
than after this period. Two patients dying within
24 hours showed no reaction of the macrophages
while in one dying within less than 48 hours there
was a beginning reaction. Of the metastatic
lesions developing within 24 hours of death, 4
of a total of 11 showed a beginning macrophage
reaction, but this was very slight and focal in
character. In 25 lesions of from 1 to 4 days of
age, a beginning reaction of the macrophages was
detected in 11. None showed a well developed
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FIGURE 5. CASE P. B. LOBAR PNEUMONIA. PNEUMOCOCCUS
GROUPIV. U. OF C., HOSPITAL NUMBER97361. SECTION OF LYMPH
NODEFROMHILUM OF RIGHT LOWERLOBE SHOWINGMARKEDMACRO-
PHAGEREACTION. X 700.

The lesion in the lung-approximately 4 days old-exhibited no

response of the macrophages.

response. After this period, however, the pro-

portion of lesions showing this change was mar-

kedly increased. Among 47 lesions ranging from
5 to 12 days in age 32 exhibited a macrophage
reaction, and in 19 of these the response was well
developed (Table II).

It will be noted in Table I that until the stage
when some of the lesions began to show a well
developed macrophage reaction (5th day) the
intra-alveolar exudate was predominantly poly-
morphonuclear in nature. Even after the 5th day
the great majority of the lesions showed this same

cellular picture, and it was not until the 10th day
that the macrophage became the predominant cell
of the exudate.

Relationtship of

TABLE II

macrophage reaction to resolutiont

Macrophage Number
reaction Number showing

Stage of Age of Number showing resolution
disease lesions of resolu- withoutlesions Be'-Well tion macrophageBegin- ddevel- reactionnmg oped

Active 1st 24 hours 13 4 0 0
1 to 4 days 26 11 0 0
5to8days 30 13 6 10 0
9 to 12 days 17 3 13 15 0

After 1 to 2weeks 3* 0 3 3 0
recovery 1 to 2 months 3* 0 3 3 0

* Three cases.

Although a beginning macrophage reaction was
not infrequently observed in the first four days

120



MACROPHAGESYSTEM IN LOBAR PNEUMONIA

of the pathological process, resolution of the
lesion was not encountered until the fifth day.
After this time the percentage of lesions showing
resolution increased progressively with the age
of the process (Table II). In lesions more than
eight days old resolution was found to be taking
place in 15 of 17 instances. In no case was reso-
lution observed in the absence of the macrophage
reaction.

Macro phage reaction in the lungs after recovery

Sections were obtained from six patients dying
at intervals of six days to two months following
recovery from lobar pneumonia. Death was due
in four instances to complications caused by the
pneumococcus, endocarditis, empyema and menin-

gitis. One patient died of nephritic uremia and
one of a necrotic cellulitis and a diffuse pneumonia
(streptococcus and staphylococcus) following
tracheotomy.

A pronounced macrophage reaction was found
in all six cases (Tables I and II). Figure 6 is
taken from the right upper lobe of the patient
dying with nephritic uremia six days after re-
covery. This is fairly typical of the findings in
the other cases but shows fewer macrophages in
the air spaces than often observed. In three of
the cases there was a recent complicating irregular
pneumonia as indicated by collections of well
preserved polymorphonuclear leukocytes and the
presence of streptococci, staphylococci or both.
Only one of these three showed pneumococci.

^7yF.,.*=..,,~~~~ ^8;#}

2'RW

'wat_

_ .M

FIGURE 6. CASE R. R. LOBAR PNEUMONIA. PNEUMococcus GROUP
IV. U. OF C., HOSPITAL NUMBER61418. X 450.

Patient died of nephritic uremia six days after clinical recovery
from lobar pneumonia. Section of right upper lobe in a state of
advanced resolution. Shows marked mobilization of macrophages.
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TABLE III

Relationship of macrophage reaction to distribution of pneumococci

Number of pneumococci State of
in lesion pneumococci

Stage of disease Age of lesion Number of lesions showing different
degrees of macrophage reaction

Many Few Absent Mostly instlrafree itacellular

Active No reaction 9 7 2 0 8 1
1st 24 hours Beginning reaction 4 2 2 0 3 1

Well developed reaction 0

No reaction 15 15 0 0 1 14
1 to 4 days Beginning reaction 11 11 0 0 2 9

Well developed reaction 0

No reaction 11 10 1 0 1 10
5 to 8 days Beginning reaction 13 9 4 0 0 13

Well developed reaction 6 0 3 3 0 3

No reaction 1 1 0 0 0 1
9 to 12 days Beginning reaction 3 3 0 0 0 3

Well developed reaction 13 0 8 5 0 8

Following recovery No reaction 0
1 to 2 weeks Beginning reaction 0

Well developed reaction 3 0 1 2 0 1

No reaction 0
1 to 2 months Beginning reaction 0

Well developed reaction 3 0 0 3

No microorganisms were detected in the lung
lesions of the other three cases (Table III).

Relationship of the niacrophage reaction to the
distribution of pneumnococci

In studying the distribution of pneumococci in
the lesions, an attempt was made to distinguish
between those showing large numbers of micro-
organisms and those showing few, as well as to
estimate whether most of the pneumococci present
were within or without the leukocytes. Since any
strictly quantitative determination was not feas-
ible, a rough estimate was made of the number
of pneumococci present in the different parts of
the section or sections from each lesion. If the
average number of microorganisms per field did
not exceed 10 it was designated as " few." Num-
bers greater than this were classified as " many."
Actually the differentiation between the lesions
tabulated as showing few pneumococci and those
showing many was simple, since the great majority
of the former revealed considerably less than 10
organisms per field-often only one or two in
several fields-while in the latter group scores to
hundreds of pneumococci were usually present.

Similarly, a judgment as to whether most of the
pneumococci were intra or extracellular was easily
arrived at in most instances. In a few cases pro-
longed examination was required for this purpose.
In lesions showing a fairly uniform type of cellular
exudate, the majority of those studied, the num-
bers and distribution of pneumococci from area
to area was fairly constant. This was quite
otherwise when more than one stage of the patho-
logical process was represented in a single section.
Such changes as were observed at the spreading
margin of a young lesion or in an area of focal
resolution were attended by marked and char-
acteristic modifications in the state and number of
the microorganisms present.

The data obtained from a study of the distri-
bution of pneumococci by the method described
above are presented in Tables I and III. It was
found that pneumococci were present in large
numbers in the great majority of the lesions up to
the seventh day (Table I). While 4 of the 11
twenty-four hour metastatic lesions showed few
pneumococci, all of the 26, one to four day proc-
esses, were characterized by the presence of many
microorganisms. From the fifth day onward a cer-
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tain percentage of the lesions contained few pneu-
mococci, and after the ninth day only one out of
eleven showed many; in the other ten micro-
organisms were few or absent. During the first
twenty-four hours of the evolving inflammatory
process, the pneumococci were, for the most part,
free in the edema fluid. After this stage they
were observed to be principally within the phago-
cyting cells. In many cases very few or no extra-
cellular pneumococci could be found. Pneumo-
cocci were present in the greatest abundance in
the lesions of patients showing marked bacteremia
at death. In such cases they could be frequently
observed in the process of liberation from dis-
integrating polymorphonuclear leukocytes.

It will be noted in Table I that with the increase
in the proportion of lesions exhibiting a well
developed macrophage reaction there is a cor-

A1

4

4 ,.

*IP~~~~~0S 6

*~~~~~~~ t : ¢.

responding diminution in the number of pneumo-
cocci. This relationship is brought out more
directly in Table III where it will be seen that
lesions showing few or no pneumococci are, with
one exception, classified under "beginning" or
"well developed macrophage reaction." Disap-
pearance of pneumococci occurred only when the
macrophage reaction was well advanced. Perhaps
of even more significance than the tabulated results
are the findings in individual cases exhibiting
lesions of widely varying ages. Figures 7 and 8
are taken from two different lobe lesions of Pa-
tient J. D. D., U. of C., Hospital Number 30016,
dying on the 7th day of a lobar pneumonia due to
Pneumococcus Type VIII. Figure 7 shows an
area in the left lower lobe which had become in-
volved only 24 to 36 hours before death. The
inflammatory process consisted of alternating

44.
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FIGuRE7. CASE J. D. D. LOBAR PNEUMONIA. PNEUMO-
coccus TYPEVIII. U OF C., HoSPITALNuMBER30016.- SEC-
TION OF LEFT LOWERLOBE WHICH BECAMEINVOLVED 24 TO 36
HOURSBEFOREDEATH. X 1000.

Large numbers of pneumococci are present free in edema-
filled alveoli.
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FIGURE 8. CASE J. D. D. SECTION OF RIGHT UPPERLOBE WHICH IS
UNDERGOINGRESOLUTION. X 700.

Marked macrophage reaction present and no pneumococci detect-
able.

areas of edema and polymorphonuclear leukocytic
exudation. Great numbers of pneumococci were

present all through the lesion. Figure 8 is made
from a section of the right upper lobe which was

the site of the initial lesion. The lobe was found
to be in a state of resolution and showed a marked
macrophage reaction. Very few pneumococci
were detected, and these were all intracellular.
None are clearly seen in the microphotograph.
Analogous instances were repeatedly observed in
the course of the present study.

Other evidences of the local disappearance of
pneumococci with the appearance of the macro-

phages were found in closely adjacent areas in the
same lobe lesion. One of the most striking
examples of this change is shown in microphoto-
graphs, Figures 9 and 10, which were made from
the inflamed pleura of the left lower lobe which
had become involved ten days before death and
showed a well developed macrophage reaction.

At the inner margin of the pleura, macrophages
were concentrated in considerable numbers, and
no pneumococci could be detected (Figure 9),
while at the distance of only one high power field
toward the periphery, pneumococci were present
in large numbers in a cellular exudate which
consisted almost entirely of polymorphonuclear
leukocytes (Figure 10).

Phagocytic activity of the macrophages

The constant finding of diminishing numbers of
pneumococci in the presence of an increasing con-
centration of macrophages brings up the question
as to the mode of disappearance of these micro-
organisms. Is the observed phagocytic activity
of the macrophages sufficient to account for the
phenomenon? While it is not possible to give an

unequivocal answer to this question, detailed study
of a large number of sections from lesions show-
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ing all stages of the macrophage reaction reveal
the fact that the macrophages are capable of en-
gulfing and digesting large numbers of pneumo-
cocci. The most active phagocytosis was observed
where macrophages were first appearing in heavily
infected regions. Scores of organisms could be
counted not infrequently within a single cell.
Figure 11 shows macrophages in such an area.

positive dots. The effective intracellular digestive
power exhibited by the macrophages was in sharp
contrast to that shown by many of the surrounding
polymorphonuclear leukocytes. The latter cells
containing well preserved pneumococci were fre-
quently observed in the immediate neighborhood of
macrophages filled with partially digested forms.
The numbers of polymorphonuclear leukocytes
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FIGURE 11. CASEH. C. B. LOBARPNEUMONIA. PNEUMOCOCCUS
GROUPIV. U OF C., HOSPITAL NUMBER45257. SECTION FROMRIGHT
LOWERLOBE IN STAGE OF GRAYHEPATIZATION AND FOCAL BEGINNING
RESOLUTION. X 1100.

Macrophages are seen to be actively phagocytic, containing pneu-
mococci, polymorphonuclear leukocytes and red blood cells.

On the contrary, in regions in which the macro-
phage was the predominant cell usually few or no
intracellular pneumococci could be detected.
Transitional stages from the early to the well
developed macrophage response, and this could be
occasionally seen in the same section, revealed the
progressive disappearance of the engulfed micro-
organisms. They appeared to melt away, fre-
quently collected in vacuoles, and in the final stage
of digestion were represented by minute gram

observed within the macrophages could account
for the disappearance of a considerable proportion
of these cells from the exudate. The leukocytes
and their contained pneumococci appear to be
destroyed effectively and rapidly by the macro-
phages. With rare exception the macrophages
were not observed to be phagocytic until they had
become detached from the alveolar walls. No
evidence of extracellular destruction of pneumo-
cocci could be detected.
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The finding of clear zones surrounding macro-
phages distributed in fibrin masses suggests that
they exert some kind of lytic action on this mate-
rial. Since the effect of this action is apparent
only in the absence of fibrin in the immediate
neighborhood of the cell, such an effect is purely
an assumption.

Lobar pneumonia due to microorganisms other
than the pneumococcus

A study was also made of 17 lobe lesions se-
cured from 8 cases of pneumonia due to the
hemolytic and non-hemolytic streptococcus, the
staphylococcus and the gonococcus. The inflam-
matory processes in some instances were strikingly
similar to those produced by the pneumococcus, in
others, notably lesions caused by the staphylococ-
cus and gonococcus, they were atypical and ir-
regularly distributed. It may be stated briefly
that the histological changes in respect to the
macrophages were in general similar to those al-
ready described. The macrophage reaction ap-
peared in its well developed form in the older le-
sions and was accompanied by resolution and a
diminution in the number of microorganisms pres-
ent. In only half the cases, however, were two or
more lesions of different age obtained, and it may
be that a larger series would reveal differences
from the pneumococcus pneumonias. The two
cases of pneumonia associated with gonococcus
bacteremia presented a striking picture of macro-
phage response all through the lesions. The age
of the pneumonic processes in these individuals
could not be determined.

DISCUSSION

In a previous study of the development of ac-
quired humoral immunity during the course of
lobar pneumonia (12) it was found that although
circulatory immune substances were demonstrable
in every patient recovering from the disease, only
an irregular sequential relationship between these
newly acquired serum properties and the termina-
tion of the disease could be detected. This find-
ing, together with the occasionally observed re-
gional clearing of the lesion during the active stage
of the disease, and the occurrence of focal resolu-
tion of the pneumonic process frequently seen at
postmortem, suggested the possibility that recovery

might depend on the cooperation of a local cel-
lular reaction and specific immune substances.
Do the observations on the mobilization and trans-
formation of the macrophages which we have de-
scribed in this study indicate such a reaction of
the local tissue cells? Before attempting to an-
swer this question consideration must be given to
certain other queries raised by the results of our
study, viz: (1) Does the fact that the macrophage
reaction was observed in the majority of the le-
sions more than eight days of age (16 out of 17;
see Table II) indicate that this is the regular se-
quence of cellular change in the pathogenesis of
the process, or are we to infer that most pneu-
monic lesions tend to heal, provided the patient
lives long enough? (2) Does the number of
pneumococci in the inflammatory area tend to
diminish with the age of the lesion, independent
of the macrophage reaction, or is a fatal outcome
associated with the persistence of large numbers
of microorganisms in the lungs? A review of the
data pertinent to this second question largely sup-
plies an answer to both. Wehave observed that
pneumococci may survive in the consolidated lung,
and apparently multiply, as judged by their num-
bers and state, in lesions from 9 to 12 days of
age showing no response of the macrophages or
only a beginning one (Tables I and III), whereas
lesions exhibiting a well developed macrophage
reaction at a similar or much younger age were
regularly characterized by a relative infrequence
or absence of microorganisms. In all but one of
our cases, which was exceptional in several re-
spects,5 large numbers of pneumococci were de-
tected in some part of the lung at death, most
often in recent spreads and always in areas show-

5 This patient (B. B., U. of C., Hospital Number
62204) had an extensive bilateral involvement, with
marked anoxemia. Several days before death, which
occurred on the 11th day of the disease, the patient
showed immune substances in the blood and sterile blood
cultures. Postmortem revealed most of the lung in a
state of resolution. Even where polymorphonuclear leu-
kocytes predominated pneumococci were few and all
intracellular, which suggests that when an adequate con-
centration of immune substances are present, the poly-
morphonuclear leukocytes can deal with the pneumococci
effectively, just as is observed in the experimental pneu-
monia in the dog and in vitro experiments with serum-
leukocyte mixtures. Death in this case can be attributed
largely to anoxemia.
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ing little or no mobilization of the macrophages.
These findings, combined with the observation that
this characteristic cellular change precedes and al-
ways accompanies resolution, afford good evidence
that it is closely associated with healing of the le-
sion. But as to whether the cellular changes oc-
curring in the consolidated lung during recovery
from the disease are identical with those observed
in the resolving lung at postmortem, our study
provides no data except that of the marked macro-
phage response seen in the lung of a patient dying
6 days after recovery. Recently, however, Cur-
phey (13) has secured direct evidence on this sub-
ject by means of biopsies made on the lungs of
patients during the course of lobar pneumonia.
He showed that the same cellular reactions which
we have described in the resolving lung after death
occur during recovery from the disease. Thus
Curphey's important findings have provided the
evidence which bridges our observations in the
experimental disease with those in human beings.

At this point, the question of the relationship
of resolution to the recovery from the disease will
undoubtedly be asked. If we assume that resolu-
tion represents local healing, why is it that oc-
casionally parts of the lung remain consolidated
for varying periods of time after the patient has
made a clinical recovery? Unfortunately, our
autopsy material does not include any undoubted
cases of delayed resolution of this type, and until
such histological data is available, we can only
make surmises as to why the inflammatory exu-
date persists. Since the beginnings of the macro-
phage reaction can be detected before there is any
sign of resolution, may it not be possible that the
evolution of the process is inhibited at some point
prior to the stage of removal of the exudate, but
not before the effective control of the invading
microorganisms has been accomplished? We
have abundant evidence both from physical find-
ings and x-ray films that resolution of the pneu-
monic process after recovery proceeds very un-
evenly (14). In some cases, clearing of the
whole area of consolidation takes place uniformly
and rapidly, and is complete within a few days,
while in other instances resolution is of a patchy
nature, parts of the involved lung remaining in-
filtrated for weeks or longer. In our histologi-
cal study we have observed frequently areas in

which macrophages were quite abundant in the
exudate, and pneumococci few and entirely intra-
cellular, yet little evidence of resolution of the
exudate could be detected. It is also conceivable
that the process which initiates resolution in one
part of the lesion may, if the conditions are favor-
able, exert its effects on the other parts of the le-
sion still in the active stage. The case B. B., cited
in the footnote above, illustrates this possibility.

While the evidence presented thus far suggests
the probability that the macrophage reaction rep-
resents an immune response to the pneumococcus,
it is by no means complete or conclusive. The
observed active phagocytosis and complete diges-
tion of pneumococci on the part of the macro-
phages in contrast to the apparent inability of the
polymorphonuclear leukocytes to destroy the in-
gested microorganisms after a certain stage in
the inflammatory process, might signify that some
unknown factor has so changed the pneumococci
that they can be readily disposed of by the freshly
mobilized macrophages. Again, the occurrence
of a beginning macrophage reaction observed in
many young metastatic lesions arising late in the
disease and associated with the presence of many
pneumococci, seems at first difficult to correlate
with our other data. However, the response of
the macrophages in these instances was uniformly
minimal in nature and perhaps represented a final
effort of the body to combat an overwhelming
bacterial invasion. It is also possible that many
of these cells were immature. As was pointed
out earlier, phagocytosis of the macrophages was
rarely observed until they had entered the alveolar
spaces.

When considered in the light of our findings in
experimental pneumonia in the dog, the foregoing
observations in human beings assume more signif-
icance. In the experimental disease, resolution
of the lesion and recovery from the disease ap-
pear to be constantly associated and accompanied
by the characteristic mobilization of the macro-
phages. That this reaction is indicative of
acquired antipneumococcal immunity was brought
out by histological changes observed in recurrent
pneumonic lesions produced at varying intervals
following recovery from the primary or previous
attack. In such lesions, especially those occupying
the site of the antecedent inflammation, the macro-
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phage reaction occurred very early, often within
6 to 12 hours after the inception of the infection
and was accompanied by a rapid sterilization of
the lesion. Further experimental observations on
the association of the macrophage reaction with
regional healing preceding recovery from the
disease will be presented in a forthcoming paper.

Neither in our studies on the experimental
canine pneumonia nor in the human disease has it
been possible to discover a constant relationship
between the appearance of circulatory immune
substances and the development of the macrophage
reaction in the lung lesion. This does not neces-
sarily signify that the macrophages carry on their
antipneumococcal activity independent of humoral
immunity. Recent studies, especially those of
Lucke, Strumia, Mudd, et al. (15), indicate that
normal macrophages, at least, are just as depend-
ent on the assistance of opsonins for effective
phagocytosis as are polymorphonuclear leukocytes.
However, it does suggest that if immune sub-
stances are necessary for the adequate functioning
of the macrophages, either they are present in the
blood in concentrations too low for our methods
of detection, or they are produced locally in the
lung.

A discussion of the origin of the macrophages
present in the pulmonary lesions of lobar pneu-
monia should be prefaced by the statement that
we know of no conclusive evidence on this subject.
An excellent review of the literature is contained
in Costa's paper (9). Our study of the various
stages of the evolution of the macrophage reaction,
both in the human being and the dog, points to a
local origin for the majority of the large phago-
cytic cells. This view was advanced by Pratt (4)
thirty-five years ago, and has been advocated by
Fried (16) and Costa (9) in recent publications.
Costa believes, and his evidence seems good, that
part of the macrophages at least go through a
monocytoid phase in their development. Certain
of our findings in the clinical disease process in-
dicate, on the other hand, that macrophages may
be mobilized from areas outside the immediate al-
veolar unit. Several instances were observed in
which the lesion exhibited an intra-alveolar exu-
date predominantly macrophagic in composition
without any reaction of the septa. These cells
were chiefly " dust cells," and transport to this

area was suggested by their relative infrequence
in other uninvolved parts of the lung. Another
possible source of macrophages other than the al-
veolar walls was suggested by the occasional find-
ing of nests of the macrophage type of cell
occurring in areas of lymphoid tissue near blood
vessels or bronchi. The appearance of these
lymphoid areas was similar to that of the hilum
lymph nodes showing a macrophage reaction. We
have also observed large mononuclear cells ap-
parently arising from the endothelium of the lung
capillaries-Mallory's "endothelial leukocytes."
Permar (17) considers this to be the locus of
origin of the mononuclear phagocytes of the lung.
Foot (18) believes that they arise from the mono-
cytes of the blood. Wehave no information as to
whether or not macrophages may be brought from
extra pulmonary foci. Large mononuclears of
the macrophage type have been observed but rarely
in the blood vessels of the resolving lung.6

SUMMARY

A histological study was made of postmortem
tissues obtained from 40 cases of lobar pneumonia
representing over 90 separate lobe lesions of ap-
proximately known age, with the purpose of as-
certaining whether or not the macrophages play
as conspicuous a role in the later stages of the
human pathological process as was observed in
the lesion of experimental lobar pneumonia in the
dog. It was found that resolution of the con-
solidated lung was regularly accompanied by
characteristic changes in the lung parenchyma
and cellular exudate analogous to those occurring
in the dog's lung at the time of recovery. The
evolution of the whole process could be followed
often in a single case where lesions of different
ages were present. The first evidence of the re-
action consists of an increase in the number of
large mononuclear cells in the alveolar walls, many
of which protrude into the air spaces. This re-

6The increased percentage of monocytes appearing in
the peripheral blood of patients recovering from -lobar
pneumonia, first described by Hickling (19), may indi-
cate a general cellular reaction to the pneumococcus.
This change is not observed in fatal cases even though
a local macrophage reaction is occurring in some part
of the lung. But as to whether the monocyte represents
a youthful stage of the macrophage or is a distinct cell
type, opinions differ.
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sults in a thickening of the septa. As the process
develops, the large mononuclear cells become de-
tached from the alveolar wall and enter the exu-
date where they exhibit the form and phagocytic
functions of the macrophages. These cells gradu-
ally replace the polymorphonuclears, the fibrin
disappears progressively, and the lesion assumes
the characteristic appearance of resolution. The
same type of tissue cell reaction was observed in
the lymph glands at the hilum of the lung.

Sections obtained from six patients dying at
intervals of six days to two months following
recovery from lobar pneumonia showed a pro-
nounced macrophage reaction in every instance.

The most striking finding in the study of these
human tissues was that wherever a well devel-
oped macrophage reaction occurred, pneumococci
were observed to be few in number or absent,
while in the great majority of lesions of all ages
in which the exudate was composed predominantly
of polymorphonuclear leukocytes, microorganisms
were abundant. Such marked differences in num-
bers of pneumococci were observed not only be-
tween lobe lesions but also at times in different
parts of the same lesion where areas of focal
macrophage reaction were occurring. The macro-
phages were seen to be actively phagocytic and
showed evidence of effective digestion of the
engulfed pneumococci.

While the data derived from this study do not
permit of definite conclusions concerning the r6le
played by the macrophage reaction in the mecha-
nism of recovery from lobar pneumonia, when
viewed in the light of various relevant observa-
tions in the experimental disease in the dog, they
do suggest that mobilization of the macrophages
represents an immune response of the pulmonary
tissue cells.
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