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THE PATHOLOGY OF THE PNEUMONIA IN THE UNITED
STATES ARMY CAMPS DURING THE WINTER
OF 1917-18.*

By WILLIAM G. MacCALLUM, M.D.,
Contract Surgeon, U. S. Army.

(From the Pathological Department of Johns Hopkins University, Baltimore.)

Prates 1 1O S3.

(Received for publication, August 15, 1918.)
I. HISTORICAL SURVEY.

The gathering together of great numbers of men in the United
States Army camps furnished conditions for an extensive outbreak of
measles which was quickly followed by a rather unfamiliar form of
pheumonia.

The Geographical and Historical Pathology of Hirsch, the volume
on Epidemics in Haeser’s History of Medicine, and other standard
books that treat of the history of disease show that this is only one of a
great number of epidemics of pneumonia which have been recorded

* These studies have grown out of the work of two Commissions sent out by
the Surgeon General of the United States Army for the investigation of epidemics
of pneumonia among the troops. The first Commission was composed of Rufus
Cole, W. G. MacCallum, Oswald T. Avery, Contract Surgeons, United States
Army, Captains A. R. Dochez and R. A. Kinsella, and Lieutenants F. G. Blake,
T.M.Rivers, William C.von Glahn, J. John,and F. A.Stevens. The preliminary
report of the activities at Fort Sam Houston, Texas, during February and March
appeared in The Journal of the American Medical Associaiion, 1918, Ixx, 1146.
The second Commission, which was composed of W. G. MacCallum, Contract
Surgeon, Captain A. W. Sellards, and Lieutenants H. M. Thomas, Jr., and
A. B. Lyons, worked at Camp Dodge, Iowa, during May, 1918. A brief sum-
mary of the activities of this Commission was presented at the meeting of the'
American Medical Association in Chicago, in June, and appeared in The Journal
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2 PNEUMONIA IN ARMY CAMPS

since at least the 16th century. It is difficult to decide, however,
as to the identity of the pneumonia with what was described by con-
temporary writers in those long past epidemics, since they usually
limited themselves to the mention of a few symptoms followed by a
lengthy discussion of their treatment of the cases. Few performed
autopsies or recorded descriptions that can be recognized. Never-
theless, their writings suggest that in many of the epidemics they
must have been dealing with the same condition that has existed dur-
ing the past winter.

In the 16th century there were many epidemics throughout Italy,
beginning in 1535 and sweeping over the whole peninsula. In Switz-
erland it was known as the malignant stitch, or Alpenstick, and by 1576
it had spread over Western Europe.

The attack began with a chill, pain in the head and chest, and a
cough which was at first dry but afterwards attended with expectora-
tion. The patient became delirious or fell into a stupor; loose evacua-
tions followed, and death occurred on the 6th or 7th day, or if the dis-
ease was protracted over the 9th day the prognosis was good. Massa
described pleural effusions, and Coiter states that in all the cases
which he described he found the lungs filled with putrid blood, tur-
gid, and indurated, while Dodonzus writes that abscesses were fre-
quent in the lungs. In the 17th century there were similar epidemics,
and several authors report finding serous and blood-stained effusions
in the pleura and pericardium, and the lungs in part condensed, in
part rendered diffluent by suppuration. In the 18th century, accord-
ing to Hirsch, there were still epidemics of the same ‘typhoid pneu-
monic” character in Spain, England, Italy, Switzerland, France, and
North America. In all these the malignant type of the disease is em-
phasized and the hepatization or purulent softening of the lungs is

of the American Medical Association (MacCallum, W. G., J. Am. Med. Assn.,
1918, Ixxi, 704).

My grateful acknowledgment is due to the men who worked on these Com-
missions, for their aid, and to the various members of the staffs of the Base
Hospitals at these two places. Especially are my thanks due to Major L. Clen-
dening, of Fort Sam Houston, who furnished clinical data of most of the cases,
and to Major Joseph L. Miller, of Camp Dodge, who did the same for the cases
studied there. Major D. Glomset, who was in charge of the laboratory at Camp
Dodge, also afforded us every aid in his power.
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given as the characteristic anatomical feature. Morgagni describes
the lungs as firmly hepatized. The disease prevailed widely in France
in the latter part of this century. De Sauvages in 1790 describes peri-
pneumonia typhodes, and Deplaigne an epidemic among soldiers at
Valenciennes. They made postmortem examinations and found
suppurative processes in the lungs with effusion of pus or gelatinous
serum in the chest and sometimes in the pericardium. There were
pleural adhesions too, but the other organs were normal except for
swelling of the liver. In Great Britain and in Germany there were
also severe epidemics.

In North America there were, as described by Webster, epidemics in
Connecticut in 1712, 1719, 1760, and 1795. Bard tells briefly of a
similar epidemic at Huntington, Long Island, in 1749, and recounts
symptoms resembling those which we have seen recently, but he made
no dissections. I have not been able to associate these epidemics
with the gathering of troops during the Revolutionary War or to
find any papers referring especially to this period.

In 1812, however, there began a great epidemic which, starting in
Canada, spread throughout the Northern States and finally into the
South. There is a great deal of literature about this, and the Medical
Repository and the American Medical and Philosophical Register made
a special point of gathering together communications and essays re-
lating to it. There is also a book by James Mann, Hospital Surgeon
of the Army, published in 1816 (Medical Sketches of the Campaigns of
1812, 1813, and 1814) which gives a good description of the condition,
including a few postmortem observations. From these it may be
learned that some of the soldiers died with extensive pleural effusion,
sometimes of thick pus, as in the case of one man whose pleura was
drained by an incision between the ribs, and sometimes of a thick yel-
lowish whey-colored fluid, while a membrane of coagulated lymph lined
the cavity of the thorax. In one case the lungs were dark purple, but
on incision thick pus could be forced by compression out of the air cells.
In another the lungs were contracted, compact, tough, and almost des-
titute of air vessels. Another showed the lung large, hard, and ad-
herent to the upper part of the cavity. It appeared like the liver,
tender and easily lacerated with the fingers, and entirely destitute of
the spongy texture peculiar to healthy lungs. In its superior part



4 PNEUMONIA IN ARMY CAMPS

adjoining the clavicle and near the trachea was a large sphacelus, part
of which had been coughed up. Pus was by compression squeezed
out of the air cells. In another case the lung was adherent on all
sides, and specks of pus were found throughout it, but no abscesses.

Still another case presented a lung in which a small portion had come
to resemble the liver, and the cells contained pus. The other lung
exuded pus on every incision. It was not much dissimilar to a honey-
comb, if filled with pus. The last, or eleventh case revealed three
pints of limpid glutinous serum resembling whey in each cavity of the
thorax. The right lung was contracted to half its natural size. The
upper part was consolidated and hardened, feeling and appearing like
a piece of heart boiled. Adhesions had formed to the spine, ribs,
clavicle, and pericardium. The lobe was so much drawn to the spine
that no adhesion existed between it and the ribs of the anterior part
of the thorax. In the upper part of the lobe immediately under the
clavicle there was an abscess as large as a goose egg. There were
found adhering to the pleura and lungs a membrane of coagulated
lymph and some similar thick pieces resembling what is commonly
called mother of vinegar. The left lobe appeared little diseased, but
on cutting into the substance drops of pus were squeezed out of its
cells. While one or two of these cases appear to have been instances
of lobar pneumonia, the others in which there was such extensive
pleurisy and from the lungs of which drops of pus could be squeezed
resemble closely the cases found in the present day epidemic.

The descriptions of the clinical symptoms given by Mann, Bard,
Eights, Matson Smith, Valentine Mott, McBride, and others agree
closely, but by far the best is given by James Low who described
the beginning of the epidemic in Albany in October, 1812.

“The onset is with a chill, prostration and a feeble pulse, horror and distress
from pain in the head, back, and extremities. The tongue is furred, the breath-
ing insupportably laborious even when the pain in the chest is not severe, and
every muscle concerned in this function ceases to act until goaded on by volition.
When the pain is acute the anguish is inexpressible. Every cell in the lung
seems infarcted and weighed down by the load.

“Restlessness, distressing dreams, sudden frights, and starting from sleep at-
tend most cases. Many are unable to endure the horizontal posture from a
sense of suffocation which attends that position. Coma and delirium ferox are
frequent symptoms and there are aphtha and ulcers in the throat in some cases.
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The disease sometimes terminates in scarlet fever, measles, or an anomalous
rash, all of which prevailed, as was the case in other countries where the same
epidemic has raged. Morgagni, Coiterus, and Wierus describe the same in Italy
and Germany, Cleghorn in Minorca, Sydenham, Huxham, and Home in England.”

Low saw gangrene of the leg in one case. Hosack also mentions
autopsies in this epidemic in which he found an overloaded state of -the
vessels of the lungs. A large effusion of serum and sometimes purulent
matter and the adhesions between membranes covering the lungs and
those lining the chest show that there has been inflammation of the
lungs. It was, he decides, a local inflammation with a typhous state
of the whole system from which he refers to it as peripneumonia
typhodes.

Mann, in another paper written from Plattsburg, states that the
most prevalent disease was measles, which predisposed those who had
it to pneumonia. He gave once more a description of the lungs which
were inflamed with adhesions to circumjacent parts, with the surface
covered with yellowish gelatinous semiputrid extravasation. The
spongy texture of the lungs was lost and the organ assumed the com-
pactness of the liver.

McReynolds in describing an epidemic among troops at Black Rock
gives similar details of autopsies, and so does Hudson concerning an
epidemic on the Niagara Front. Hudson was especially interested in
the extension of inflammation through the diaphragm to the surface
of the liver. A similar affection with pleurisy with serous effusion
and pulmonary changes was observed in the New York Hospital in
January, 1813.

After the disease had raged among the troops and inhabitants of
northern New York it appears to have occurred with especial intensity
in Dutchess County, East Chester, and West Chester, as well as in
New York City,and Long Island, but there were also many cases in
Connecticut, Vermont, and Maine. Nowhere are the pulmonary
changes minutely described, but it is evident from the occasional clear
descriptions of definite hepatizations and the vague descripition in
other cases of congestion alternating with abscesses or with a form of
consolidation from which one could squeeze pus from the bronchi
that most of it perhaps was not definite lobar pneumonia but prob-
ably a form of bronchopneumonia with extensive pleural exudate. It
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died out in these states in 1815, but passed into the Southern States
and persisted until 1826.

Although there were many epidemics in various parts of Europe at
this time I have not been able to learn so far that this type of disease
was prominent in the armies engaged in the Napoleonic Wars.

From 1815 to 1862 there were occasional epidemics. Little in-
formation appears to be available regarding the troops during the
Civil War. Bartholow described the occurrence of measles and its
sequele in the camps, and Woodward gives statistical information
showing that measles was prevalent, that pneumonia followed it, and
that the mortality was considerable, but these conditions were greatly
overshadowed by the colossal prevalence of typhoid fever and dysen-
teric disease, and Woodward’s attention seems never really to have
reached pneumonia. The following is abstracted from this history.

Measles—During the years covered by statistics there were 67,763 cases of
measles, with 4,246 deaths among white troops, with a mortality of 6.27 per
cent. Most of this mortality was due to secondary pulmonary affections. Many
deaths were referred to pneumonia without mentioning measles. Per 1,000
the average annual rate was 30.41, the maximum 77.57 in the 1st year, the mini-
mum 1.98 during the last year. Many regiments suffered at recruiting stations.

In colored troops there were 8,555 cases, with 931 deaths, or 10.88 per cent
of fatal cases. i

In the Confederate Army of the Potomac there were 8,617 cases in an army
of 58,360 during July, August, and September, 1861, 430 cases in October,
241 in November, 79 in December, 34 in January, 1862, and 8 in February.
A succession of epidemic waves involved susceptible men of successive additions
to strength of command.

As the new men came within the influence of the contagious focus the disease
spread, giving a sudden elevation to the line of prevalence which thereafter fell
until fresh additions occurred with a corresponding rise in its level.

Among the white troops the line of prevalence shows a seasonal influence as
well as that due to the aggregatiom of susceptible individuals. The warm season
operated favorably on these troops. The disease was especially severe among
negroes, being characterized by bronchial inflammation, pneumonic congestion,
and solidification, laryngeal congestion and edema, and sometimes affections of
the intestinal mucous membrane. ;

Clinical records of measles show a return to duty 3 or 4 weeks after onset,
but in many cases the stay in the hospital was prolonged for as many months
by the continuance of bronchial inflammation or the supervention of broncho-
pneumonia or diarrhea. In some cases the specific agency manifested its virulence
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by a dark purple color of the eruption and symptoms of internal congestion.
In general the point of interest is the consecutive disease. Sometimes pneu-
monic congestion was suddenly developed by exposure while the skin was af-
fected, but more frequently pulmonary disorders, including consumption, ap-
peared to be engrafted on the patient during convalescence. Laryngitis in some
cases caused suddendeath, and in others a temporary or even permanent aphonia.
Cerebral meningitis sometimes occurred, and intercurrent or sequent attacks of
erysipelas were common. Conjunctivitis was a frequent sequel and deafness
followed the invasion of the middle ear by way of the Eustachian tube. Occa-
sionally the ear became involved in the suppuration of the glands in its neighbor-
hood. Edema of the feet, orchitis, and ischiorectal abscess including fistula i»
ano were among the sequele.

“Recruits from the city are more likely to have passed through the disease in child-
hood than those from the rural districts. City regiments are therefore to be preferred in
this connection. When the call to service is urgent this becomes a secondary matter.
The liability to disease under exposure toits causes must be accepted as a part of the
danger to be faced. Measles will thus continue to be a subject of interest and anxiety
to army medical men until the discovery of a means of protection against it independent
of subjection to its influence in previous epidemics.”

Later (page 788) he suggests the propriety of inoculation.

Pneumonia.— 61,202 cases of pneumonia occurred among the white troops during
the war, with 14,738 deaths, so that the importance of pneumonia as a destroyer of life
in our camps and hospitals can hardly be overestimated. The postmortem records of
cases reported as pneumonia show that death in the majority of instances resulted not
alone from hyperemic or inflammatory processes in the pulmonary tissues, but from
these in conjunction with similar processes affecting particularly the pleural membranes,
bronchial tubes, and pericardium. With the production of these congestive or inflam-
matory results the malarial, typhous, and tuberculous cachexias and the specific cause
of measles were apparently often connected.”

Of 435 cases recorded after postmortem examination, 300 were distinguished
as lobar pneumonia, 135 as secondary or catarrhal inflammation. Of the 135
cases, 101 were associated with measles. These cases are inadequately de-
scribed and as a rule it is merely stated that parts of the lung were hepatized,
and in a few instances thickening with softening of the bronchi was mentioned.
Pleurisy with effusion was common and there is slight mention of laryngitis.
Pericarditis was present in a few cases but was by no means so frequently associ-
ated with secondary pneumonia as with the acute lobar cases. Pleurisy as such
seems to have been recorded in 31,852 cases during the war, but although 590
were fatal only 45 were observed and described post mortem and of these 6 were
connected with measles.

Of the cases of bronchopneumonia following measles the lungs
of three have been preserved in the Army Medical Museum in
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Washington, and Dr. Lamb was kind enough to allow me to study
them and even to take portions for microscopic study. They are
from Case 50 (Medical and Surgical History of the War of the
Rebellion, Vol. I, Part 3, Medical Volume, page 789), Case 105
(page 794), and Case 134 (page 798). All these cases were observed
by Surgeon E. Bentley, U. S. Volunteers, Third Division Hospital,
Alexandria, Virginia.

The history in Case 50 states that Private J. B. Talbot, aged 23, was ad-
mitted Feb. 13, 1864, with pleuropneumonia following measles and died Feb. 29.
Postmortem examination showed that the lower lobe of the right lung was hepa-
tized, red, and presented on section a number of small superficial abscesses. The
pleura was thickened (Specimen 345, now renumbered 7,792). The lung is cov-
ered with fibrinous exudate and most of it is spongy in texture, but it containg
some distinct firm nodules which are branched at times.

Section of this lung no longer staing well, but the outlines of cells
may be discerned. There is in the section a patch of consolidation
and then one of air-containing tissue with two small foci of consolida-
tion. These have central bronchioles which contain exudate and have
lost their epithelium. The walls are very thick and infiltrated with
mononuclear cells and are penetrated by many blood vessels distended
with blood. The adjacent alveolar walls are similarly infiltrated and
contain dense plugs of fibrin with desquamated epithelium.

The larger area of consolidation shows several bronchi with the
same change. The walls of a rather large one are especially infil-
trated. The more peripheral alveoli have dense contents of fibrin and
epithelium. In the more central part of the patch the tissue is dis-
integrated and full of very small broken cells, possibly leucocytes.
There is a mass of granular material at one spot resembling bacteria.

With Weigert’s method the bacteria stain quite sharply and great
masses of definite streptococci are found in the midst of the necrotic
area. No other organisms were found.

This appears to have been a case of streptococcal bronchopneumonia
in which certain areas of consolidated tissue have become necrotic in
mass and contain large clumps of bacteria.

The history of Case 105 is as follows: Private Jacob Maust, aged 20, was ad-
mitted Mar. 26, 1864, moribund from pneumonia after measles. He died on the
28th.
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On postmortem examination it was found that the left pleural cavity contained
a pint of serum and the lung was coated with thin pasty lymph, the lower lobe
being partly hepatized.

Specimen 343, now numbered 7,790, shows the following. The
pleura is greatly thickened and edematous with wide interlobular septa.

The lymphatics are enormously wide and are distended with cell
masses. In these and on the surface of the pleura there are large
numbers of streptococci in distinct chains which stain well. No in-
fluenza bacilli could be demonstrated. The bronchi are distinctly
thickened. New blood vessels in great numbers have formed in their
‘walls, the epithelium is lost, and streptococci occur in their purulent
contents. There is collapse, but not much consolidation about them.

This appears to be a case of interstitial bronchopneumonia with
lymphatic transportation of the streptococci.

The history of Case 134 is as follows: Private John H. McMichael, aged 19,
was admitted Mar. 11, 1864, with pleurisy and laryngitis, secondary to measles.
He died on the 23rd. :

On postmortem examination the larynx and trachea’ were found to be in-
flamed and filled with tenacious mucus; right lung collapsed and friable. Lower
lobe thickly coated with pseudomembrane. Left lung slightly congested (Speci-
men 342, now numbered 7,789).

The lung shows a thin layer of fibrin; the pleural surface and the
pleura itself are markedly thickened. Interlobular septa are promi-
nent. At the base of the upper lobe there is a small area of diffuse
consolidation. The rest is air-containing except for numerous small
nodules of consolidation with central bronchioles.

Sections show numerous small bronchi filled with debris of leuco-
cytes. The epitheliim is desquamated and the underlying tissue
necrotic. The alveoli round about are filled with fibrin and cells,
some of which are leucocytes. There is no great interstitial change
in most of the lung. Definite cocci in pairs and short chains are found
in the bronchioles. In other places bronchial and blood vessel walls
are markedly infiltrated with cells. The intervening lung substance
is air-containing.

This is a focal streptococcal pneumonia in which there is little
interstitial change but chiefly small peribronchial foci of lobular
pneumonia.
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It is evident that in these three cases we have representatives of the
types of streptococcal pneumonic lesion which occur in the epidemic of
today. The first case is one of interstitial bronchopneumonia with
large areas of necrosis, the second belongs to the same type but with-
out the necroses, while the third is an earlier stage with much less in-
terstitial change. It is especially interesting that after 54 years in
alcohol the streptococci still stain brilliantly.

Surgeon Ira Russell also reported that there had been 784 cases of
pneumonia at Benton Barracks, Mo., in 1864, of which 156 died.
Beside these there were 675 cases of measles, of which 130 died of
pneumonia. He distinguishes congestion, typhoid, and pleuropneu-
monia. There is a marked difference in the morbid appearance of the
lungs in the pneumonia following measles from their appearance in
pneumonia produced by other causes. Hepatization is less marked,
the lung tissue oftener edematous or filled with serosanguineous fluid
and containing a sufficient quantity of air to make it float on water.
When pressed between the fingers a large quantity of bloody serum
exudes. The lung frequently passed from this edematous condition,
without going through the stages of red and grey hepatization, into
that of purulent infiltration.

Since the Civil War other epidemics of pneumonia have been de-
scribed, but it is generally difficult from the clinical descriptions to
determine the nature of the disease, and practically none of the
authors in this country appear to have recorded postmortem
examinations.

In Europe many such epidemics were briefly described also (Lav-
eran, Bard), without adding perceptibly to the comprehension of the
disease. But with Bartels there began a more accurate anatomical
study of the peculiar form of bronchopneumonia which follows
measles, whooping cough, diphtheria, and perhaps other acute infec-
tious diseases.

Delafield in various publications in this country has given clear
descriptions of the peculiarities of this form of bronchopneumonia
in children and in adults, emphasizing its interstitial character and the
lateral involvement of the alveoli which adjoin the bronchioles to-
gether with the accompanying atelectasis. His understanding of the
contrast between this type of pulmonary affection and the sort of
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exudative process which follows the aspiration of infected materials
into the bronchi, or the other examples of terminal patchy pneu-
monia characterized by the filling of the alveoli which are connected
with the infected bronchioles with an exudate of polymorphonuclear
leucocytes, is satisfactory and his descriptions form a model of con-
ciseness. At this time there was a prevalent doctrine which distin-
guished between croupous or lobar pneumonia in which there is an
exudate of leucocytes and fibrin, and catarrhal or bronchopneumonia
in which fibrin was less in evidence and the alveoli contained large
mononuclear cells mixed with others. This seems to be an inade-
quate basis for the anatomical distinction, and more recent writers
have not accepted it, although these terms are still used.

Since Bartels’ paper, a series of German publications has appeared,
describing more clearly the interstitial form of bronchopneumonia in
children after diphtheria, measles, and whooping cough, and from an
anatomical point of view these leave little to be desired, although
none except those of Diirck and Finkler are concerned with the bac-
teriology of the disease. From these are derived no doubt the de-
scription found in most of the text-books, although the description
given by Orth is evidently from his own observations. Wagner,
Jiirgensen, Aufrecht, Kromayer, Koester, Wygodzinski, Diirck,
Honl, Steinhaus, Hart, Jochmann and Moltrecht, and Hecht have
all contributed papers which are easily accessible.

These papers agree closely in their descriptions of the pathological
anatomy of this form of bronchopneumonia, the best of which are those
of Steinhaus and Hecht. Wygodzinski distinguishes lobular and con-
fluent forms in which the alveoli are filled with a fibrinous and leuco-
cytic exudate, from peribronchitic inflammation, but he also recog-
nizes combinations. Honl points out the resemblance of the small
firm nodular consolidation in these lungs to miliary tubercles, but in-
sists that tuberculosis is not of frequent occurrence after measles, and
that the common impression that it is, may depend upon the erron-
eous interpretation of these peribronchial nodules as tubercles. He
saw the peculiar epithelial giant cells upon which later writers have
laid stress.

Steinhaus reviews the earlier German literature, gives a clear de-
scription of the pulmonary lesions, and summarizes his paper as
follows:
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Measles pneumonia is in the beginning not a lobular inflammation but ap-
pears in minute foci, of which several are found in a lobule. It is never catarrhal,
since fibrin is abundantly present. '

The focal consolidationsresult from a primary bronchiolitisdnd peribronchiolitis
through a propagation of the inflammatory irritant by way of the lymph vessels.
There are several types of lesions. (¢) The acute focus with exudation into the
alveoli. This may arise by extension of the inflammation from the bronchioles
to adjacent alveoli which do not belong to its respiratory district or by propaga-
tion along its lumen to its own alveoli. In the zone of fresher exudate fibrin is
always present. (b) The more chronic focus, proceeding in the form of an inter-
stitial peribronchitis with advanced changes in the interstitial tissue but no
exudation in the alveoli.

This change appears to be related in its origin to the peribronchial
and perivascular lymph follicles. The interstitial change arises very
early in measles pneumonia and distinguishes it from the croupous
form. The distinction between the acute and the more chronic foci
of pneumonia lies in the presence of a leucocytic infiltration in the
first, a lymphatic infiltration in the second. He apparently saw no
giant cells, but Hecht who also studied the lungs of children lays
especial stress on their presence in his paper which has the title
“The giant cell pneumonia of children.” This is a form of pneu-
monia which occurs only in young children after measles and whoop-
ing cough in connection with a hypertrophic bronchitis. The giant
cells arise from the epithelium either by incomplete division or by
coalescence. They could never be produced experimentally in rab-
bits by intrabronchial injections of staphylococci or pneumococci,
but could be imitated closely in animals injected intratracheally with
various metallic salts (especially silver nitrate and copper sulphate)
or ammonia. Karsner and Meyers described and discussed a similar
case in a child and reference will be made to this later in connection
with one of our cases. '

All these papers have dealt with children and I have found little
referring to such bronchopneumonia in adults. Delafield recognized
it in adults, but his attention was chiefly directed to the disease in
children. '

Mathers describes an epidemic of pneumonia occurring in Chicago
during the season 1915-16 in which he isolated Streptococcus pyo-
genes in a majority of instances. His description of the lung refers to
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the gross appearance only. There were extensive pleuritis and peri-
carditis and the cut surface of the lung was smooth and mottled grey-
ish red and dark red. The greyish areas varied in size and consist-
ency, some being firm and dry while others were moist and viscid.
They had no relation to bronchi and were sharply outlined like in-
farcts. Other dark red areas were soft and hemorrhagic. The de-
scription is too indefinite to allow one to recognize the condition with
certainty.

During the present war, epidemics have been studied in the north
of France by Hammond, Rolland and Shore, and at Aldershot in
England by Abrahams, Hallows, Eyre, and French. They describe a
purulent bronchitis which is fatal and from which they isolated the
influenza bacillus from the sputum in most of the cases. They found
other organisms at times, including the pneumococcus, streptococcus
(five times), D. catarrhalis, staphylococcus, M. tetragenus, etc. Pleu-
risy appears not to have been common and mention is made of only
eight cases in which a clear yellow fluid had accumulated in the
pleural cavity. The bronchi are filled with pus and there is a peri-
bronchiolitis. Photographs of sections of the lungs show the peri-
bronchial infiltration distinctly, and the anatomical description which
is given with these makes it seem evident that the lesion is practically
the same as that which.we are about to describe for the epidemic in
this country. . The lack of pleurisy is one great point upon which
they differ from our cases, and the second is in the predominant role
of the influenza bacilli.

In a letter dated June 22, 1918, from a hospital in France, Dr.
Archibald Malloch writes me concerning such an epidemic in which
he had studied nine cases at autopsy. He says nothing of empyema
in these cases.

“Clinically the cases were generally like capillary bronchitis, and as a rule
no dulness could be made out, although sometimes this was present. There were
marked dyspnea and cyanosis. At autopsy there was often no consolidation of
any extent but grey-white pus was found even down to the finest bronchioles
(swarming with B. influenze and there obtained in pure culture). At other times
there were small areas of atelectasis with tiny yellowish abscesses in them. On
the other hand, some of the lungs showed confluent bronchopneumonia. Two of

these cases showed an endocarditis with vegetations, from the cultures of which
Major Rhea grew B. influenze in pure culture.”



II. THE EPIDEMIC IN THE UNITED STATES ARMY CAMPS.

The conditions existing in these ancient epidemics have in a sense
been repeated on a magnified scale in the course of the assembling
of the troops from all parts of the United States in the present war,
and the results with respect to disease of the respiratory organs have
been much the same. It is obvious that the sanitary conditions
surrounding the cantonments and camps have been extremely good as
far as forms of disease which were especially destructive in the Civil
War and in many other wars are concerned, and the result is that
with the aid of vaccination against typhoid fever, paratyphoid, and
smallpox, those diseases have not appeared. Even diphtheriaisnow
practically under complete control. But sanitation and preventive
medicine are as yet helpless against measles and pneumonia, and
therefore these diseases have swept through the well ordered camps as
they did in 1812.

The draft brought together large numbers of men of ages from 21 to
31 years from all conditions of life. Many of them had lived in cities,
accustomed all through their lives to close intercourse with the
densest populations and these had passed through all the ordinary
diseases of childhood and had acquired immunity. Others, however,
and especially perhaps those from the South, had lived in remote rural
districts under entirely differgnt conditions with but little contact
with any great number of other people. These came to the camps un-
protected from any disease except smallpox and typhoid fever. The
compulsory vaccination conferred this protection and eliminated these
diseases from the army in a way which could not be paralleled by any
measures of sanitation which aimed at their exclusion by even the
most rigid control of all the recognized channels of infection.

To the remaining acute exanthematic diseases and to respiratory
infections these men were highly susceptible. To other infections
they were also susceptible, but these have assumed such a prominent
place in the history of disease in the camps that the rest appear

rather insignificant.
14
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It must not be stated that the respiratory diseases occurred exclu-
sively in the troops of rural origin, since they gained such virulence as
to affect all, but it does seem clear that immunity acquired by
exposure and infection in early life has played a great part in pro-
tecting the men of some of the camps from disease.

Emphasis should be laid, I think, upon the importance of
measles in the inception of this epidemic. Measles has prevailed to
an extraordinary degree in many of the camps in the South, and
there too have arisen the greatest epidemics of bronchopneumonia.
When pneumonia taken as a whole and including lobar and all
forms of bronchopneumonia is plotted out on a map, as was done
in the office of the Surgeon General, so as to show the camps in
which the greatest number of cases occurred, as black circles, and
especially when the position of these camps is indicated according
to the district from which they drew their troops, all the black
circles are in the South. Any such statement is necessarily somewhat
inaccurate. Measles is not absent in the northern camps nor is
pneumonia. Lobar pneumonia caused by the pneumococcus, which no
one suspects of being especially a sequel of measles, probably occurs
in much the same proportion throughout all the camps. But the
form of bronchopneumonia which has for years been recognized as a
common sequel of measles has appeared in enormous proportions in
the southern camps in which hundreds and even thousands of cases
of measles developed. It is true that this type of pneumonia in these
camps frequantly occurred in patients who had not had measles, and
it is clear that it is due to some second infection and not to the measles
itself. It was not altogether surprising, therefore, to find large epi-
demics of the same type of bronchopneumonia arising later in northern
camps where measles had not existed to a great degree and in troops
which had not been in contact with the few cases of measles which
were isolated in distant barracks.

Briefly stated, the great epidemic seems to be an epidemic of
bronchopneumonia, with measles as the most important predisposing
cause, but the bronchopneumonia, which itself is due to a secondary
infection, later arose independently of measles in individual cases and
in other camps when the agent which caused the secondary infection
became virulent enough to give rise to the disease independently.
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The following study of the forms of pneumonia which prevailed
makes no attempt to outline the extent of these diseases inthevarious
camps, since that information will be available from the reports of the
office of the Surgeon General. Nor is it intended to trace the course
of the various epidemics or to give statistics of the incidence of pneu-
monia or the number of deaths caused by it. Instead it is an attempt
to analyze the character of the respiratory diseases observed at Fort
Sam Houston, Texas, during February and March, and at Camp
Dodge, Iowa, during May, from the standpoint of the student of
their etiology and pathological anatomy.

In the study of the respiratory disease in these camps a consistent
plan was followed. Ina large number of cases observed clinically, cul-
tures were made from the sputum,swabs from throat, and cultures from
the circulating blood and fluid aspirated from the pleural cavities.
These were, of course, of great importance in diagnosis and threw much
light upon the condition found at autopsy. The most satisfactory
information was derived, however, from the cases in which the bac-
teriological results could be confirmed and controlled by cultures
from the tissues at autopsy, and in as far as these cases were concerned
we endeavored to tabulate the records in such a way as to show at once
the results of cultures made during life and after death from all these
sources. It was interesting to find that repeated cultures made dur-
ing life and after death sometimes showed the disappearance of one
organism and its replacement or overgrowth by another. Our in-
formation is sufficiently complete for this purpose in about 49 cases
of pneumonia which are therefore given in Table I. The cases which
were studied clinically only need not be included, since they have
been discussed in other papers.

It will be seen from this table that a great variety of lesions
and several types of infection are represented here with various com-
binations. In general, analysis of the cases shows that there were
two main forms of infection, that in which the pneumococcus was the
etiological agent and that in which this part was played by Strepio-
coccus hemolyticus.

The influenza bacillus was frequently found in the sputum and
occasionally in the lungs and pleural fluid. It was always associated
with the streptococcus, however, and it is difficult to assign it a pre-
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dominant part in the causation of the pneumonia. In general the
pneumococcus of whatever type produced lobar pneumonia, and the
streptococcus either what we shall describe as interstitial broncho-
pneumonia, or another lesion to which for convenience we assign the
name lobular pneumonia.! The exact biological nature of this strep-
tococcus and its identity in different camps are still subjects which
are actively discussed. It seems to be the same wherever it has
been found, but it will require time to determine whether there are
several strains atwork. Indeed,from many camps there come reports
of numerous cases due to a non-hemolytic streptococcus. All these
important points must be settled by further study, which must also
decide the significance of the influenza bacillus, staphylococcus, and
other organisms in the production of the disease. @ur own expe-
rience has led us to believe that a fairly constant hemolytic strepto-
coccus is the important factor.

In practically all the cases of streptococcus infection there appears,
if there is sufficient time before death, a serofibrinous or fibrino-
purulent pleurisy. This sometimes persists as an empyema even after
the earlier pulmonary lesions from which it originated have com-
pletely or almost completely disappeared. All possible combinations
of these forms of pneumonia occur, and it has therefore seemed best
to consider all the cases in six groups into which they readily fall as
follows: (1) interstitial bronchopneumonia; (2) interstitial broncho-
pneumonia with lobular pneumonia; (3) lobular pneumonia; (4) lobar
pneumonia; (5) lobar with interstitial bronchopneumonia; (6) old
empyemas.

It is, of course, possible that lobar and lobular pneumonia may occur
together, but I do not think that we have met with this combination.

Cases 14 to 58 were studied at Fort Sam Houston, Texas, Cases
165 to 205 at Camp Dodge, Iowa.

LTt has been pointed out by various writers that the term lobular pneumonia
should be applied to a consolidation involving a lobule, but such accurate limita-
tion does not take place. On the other hand, it is difficult to find any other
convenient term which will designate a patchy consolidation in which the alveoli
are filled with an inflammatory exudate of leucocytes and fibrin. Such an exu-
date is similar to that which when diffusely distributed over a whole lobe con-
stitutes a lobar consolidation, and it seems permissible to employ the term as a
conventional name [or this condition.
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1. Interstitial Bronchopneumonia.

Case 14.—J. McL., age 22 yrs. Entered hospital Jan. 1, 1918, with typical
measles. Discharged Jan. 10. Second entry Jan. 16. Has not felt well since
leaving hospital, still coughs, has a fever and headaches. Diagnosis.—Acute
bronchitis until Jan. 22, when he became worse and was transferred to the pneu-
monia ward delirious, very ill, and coughing. Signs of consolidation in right
lower lobe and rales over left lower lobe. Inspiration difficult. Marked cyanosis.
Leucocytes 16,000. Temperature ranges from 99-104° F., pulse 100-150, respi-
ration 20-55. Died Feb. 2. Autopsy Feb. 2.

Anatomical Diagnosis: Bilateral interstitial bronchopneumonia with hemorrhage
and atelectasis; serofibrinous pleuritis (right).

Left pleural cavity—There is no excess of fluid. Pleural surfaces smooth.
No adhesions. Right pleural cavity.—The cavity contiins about 1,000 cc. of
slightly turbid brownish fluid with floating shreds of fibrin. Pleural surfaces
covered with thick, shaggy, yellow exudate of fibrin. Lymph glands in the
mediastinum enlarged. Left lung.—Surface is smooth. The lung is voluminous,
but the lower part of the upper lobe and the lower and posterior portions of the
lower are collapsed and pasty. Insufflation distends most of the upper lobe and
part of the lower. On section some of the bronchi of the upper lobe stand open
and are conspicuous as empty, thick walled grey tubes. They are surrounded
by areas of hemorrhage. In the lower lobe all the bronchi appear as thick
walled tubes with opaque yellow contents and are surrounded by hemorrhagic
areas which become confluent. In the larger bronchi the deeply congested
mucosa is covered by a thin opaque grey film. The bronchial glands are not
greatly enlarged. Right lung.—Greatly compressed by the pleural effusion.
It is covered by a layer of fibrin which varies from 2 mm. to 2 cm. in thick-
ness. The lymph glands at the hilum are greatly enlarged. All the lobes of
the lung are completely collapsed, but the upper lobeand the anterior portions
of the lower lobes may be distended by insufflation. In the lower and posterior
portions of the lower lobe there are numerous firm grey areas each of which
shows a central bronchus and a surrounding zone of hemorrhage. These foci
become confluent in places or stand out separately so that several may be seen in
each of the lobules of the lung. The lobules are sharply outlined by the inter-
lobular septa which are edematous and therefore conspicuous.

Cultures failed to grow through an accident. Smears from the lung showed
Gram-positive cocci in chains.

Microscopic Examination.—The left lung contains air and most of the alveoli
are unchanged, but many of the smaller bronchioles are filled with an exudate of
polymorphonuclear leucocytes among which a few streptococci are found. The
epithelium of such bronchioles is in places intact, in other places broken and
partly desquamated (Fig. 1). The wall is greatly thickened and its connective
tissue and smooth muscle elements are spread apart by red corpuscles and mono-
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nuclear wandering cells of various types. Wherever lymphatics are visible in
these walls they contain red corpuscles and mononuclear cells. The adjacent
alveoli are filled with blood, desquamated epithelial cells, and mononuclear wan-
dering cells together with a few polymorphonuclear, leucocytes. The alveolar
walls are infiltrated with mononuclear cells and thickened. Both bronchi and
alveoli contain networks of fibrin. The alveoli which open directly into the
bronchi contain leucocytes in greatest abundance; those which lie adjacent to the
wall of the affected bronchioles appear to contain blood and mononuclear cells
rather than leucocytes. Organization of the exudate in the bronchi is found in
an early stage in some places (Fig. 2).

The right lung shows a more advanced change. The pleura is covered with
fibrin upon the surface of which streptococci are found. The pleura itself is
densely infiltrated with blood. It is markedly thickened by the formation of a
vascular granulation tissue which has not destroyed all the remnant of the
pleural lining cells. The whole framework of the lung has become conspicuous
through the widening of the interlobular septa, peribronchial and perivascular
tissues, and the alveolar walls themselves by the most extensive infiltration of
mononuclear wandering cells. The lung is partly collapsed, but the enormously
thick walls of bronchi and alveoli are very distinct. It is especially in the neigh-
borhood of the infiltrated bronchi, interlobular septa, and pleura that the alveolar
walls are distended with cells. In the walls of blood vessels and bronchi and in
the interlobular septa lymphatics are easily seen. Most of them are thrombosed
and contain streptococci as well as lymphocytes and fibrin coagulum. The
more distant alveoli contain only masses of desquamated epithelial cells. Those
nearer the bronchioles and participating in the formation of the peribronchial con-
solidation are filled with dense fibrin together with the cellularelements described.
In this firm fibrin as well as in the bronchioles there is already visible a rather ex-
tensive growth of connective tissue. Definite strands of vascularized tissue are
seen in the lumen of some bronchi. In one there isa mass of such tissue covered
completely by a continuous growth of bronchial epithelium. The mediastinal
lymph glands are swollen, their marginal sinuses filled with large mononuclear
cells among which are many streptococci. These are entangled in a dense fibrin
network.

The other organs show nothing abnormal.

This is a typical case of interstitial bronchopneumonia following measles and
showing on one side empyema, collapse, peribronchial nodules with great inter-
stitial infiltration, thickening of pleura and septa, and advanced organization
of bronchial and intraalveolar exudate.

Case 15.—B.H.,age 19 yrs. No history of measles. Since Jan. 3, 1918, cough
and expectoration with pain in chest and fever. Entered hospital Jan. 14. No
rash, no sore throat. Dulness and riles over whole right lung. Rales but no
dulness over left. Leucocytes 16,800. Temperature 100-104° F., pulse 100-150,
respiration 30-60. Died Feb. 1. Autopsy Feb. 2.
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Anatomical Diagnosis: Bilateral interstitial bronchopnewmonia with fibrinopuru.
lent pleuritis.

Left pleural cavity.—Contains very little fluid. The surfaces are covered with
a thin exudate of fibrin which glues them together. Right pleural cavity.—
Contains about 1,500 cc. of turbid khaki-colored fluid with floating shreds of
fibrin. The lung is adherent in its upper posterior aspect; the lower lobe is
collapsed and flattened. Left lung.—In both upper and lower lobes there are
collapsed areas, those in the lower lobe occupying the whole lower and posterior
portion. In the upper lobe there are a few bronchi filled with yellow plugs,
especially in the collapsed area. In the lower lobe these are much more nu-
merous and toward the hilum they are thickened and embedded in yellowish
opaque areas. There is no definite hemorrhage about them. The larger
bronchi are deeply congested. Right lung.—The pleura is thickened and
covered with a dense layer of yellow fibrin. The lung is completely collapsed
and flabby. It is studded throughout with yellowish areas of consolidated tissue
in the center of which there is generally to be seen the ragged lumen of a bronchus.
Such areas vary from 2 to 7 mm. in diameter, but in the lower lobe they become
confluent, in one place to form a mass 3 cm. in diameter. They are surrounded
by grey atelectatic lung substance. The bronchi are distinctly dilated toward
the periphery of the lung. Bronchial and peritracheal glands much enlarged.

Microscopic Examination.—The left lung shows the bronchioles throughout
their extent filled with a debris of epithelial cells, red corpuscles, and great
numbers of leucocytes among which streptococci are found in pairs and chains.
Gram-negative bacilli, apparently influenza bacilli, are also present. The epi-
thelium is greatly desquamated. The walls are thickened partly by the
great distension of the small blood vessels and the separation of the connective
tissue fibers, but chiefly by the infiltration of mononuclear cells. The lymphatics
arc distended and contain mononuclear cells, red corpuscles, and streptococci.
The surrounding alveoli contain a few leucocytes, red corpuscles, desquafnated
epithelial cells, and fibrin. Mononuclear cells are also present. There is much
coagulated fluid in these alveoli. There are also a few areas in which the alveoli
are packed with polymorphonuclear leucocytes with little fibrin. In these areas
streptococci are found, although they are rare in the alveoli which contain mono-
nuclear and epithelial cells.

The right lung is much more extensively altered as though by a process of
longer standing. The pleura is converted into a thick granulation tissue with
blood vessels growing straight up into the hyaline fibrin. The bronchi are di-
lated, filled with leucocytes and disintegrated epithelium. The epithelial lining
is largely destroyed and the walls are very greatly thickened and converted into
a sort of vascular granulation tissue densely infiltrated with mononuclear cells.
For some distance round each bronchus the alveolar walls are greatly thickened
by the infiltrating mononuclear cells (Fig. 3). Elastic tissue stains show that the
framework of the alveolar wall is spread apart by these cells. The alveolar con-
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tents are composed of dense fibrin with desquamated epithelial and mononuclear
cells. Much of this exudate has undergone complete organization or replace-
ment by new vascular connective tissue which extends from the bronchi into
many alveoli. This gives added density to the cénsolidated areas. The walls
of the blood vessels are spread apart and thickened through the infiltration of
their adventitial coats. The interlobular septa are greatly widened by infil-
tration with fluid and cellular exudate and apparently also by the new formation
of connective tissue. However, lymphatics appear in the walls of the bronchi
and of the blood vessels and in these interlobular septa they are very wide and
filled with a coagulum of fibrin with blood corpuscles, leucocytes, and especially
mononuclear cells. These fibrin plugs are densely sown with streptococci which
are to be found there in enormous numbers even though search through the
lung tissue elsewhere fails to reveal them. This tends to support the view that
they are in this way transmitted to the pleura.

Bacteriological cultures revealed Streptococcus hemolyticus in the heart’s blood
and lung.

This is a typical case of interstitial bronchopneumonia with empyema. There
is interstitial new formation and organization and streptococci show well in the
lymphatics. There is great thickening of alveolar walls and great density of the
exudate. In placesthere is lobular pneumonia.

Case 16.—J. W., age 18 yrs. Entered hospital Jan. 24, 1918, with painful
cough which began 10 days previously. Had a chill 4 days ago. No history of
measles. On entry lungs showed dulness and rales in the right back, otherwise
clear. Leucocytes 22,200. Temperature 99-104° T., pulse 120-150, respiration
30-50. Died Feb. 2. Autopsy Ieb. 2.

Anatomical Diagnosis: Bilateral interstitial bronchopneumonia with fibrinopuru-~
lent pleuritis and pericarditis.

Left pleural cavity—The lung is bound to the pleura by fresh fibrinous adhe-
sions. Thereis no fluid exudate. Right pleural cavity.—The surfaces are hemor-
rhagic and covered with a thick layer of fibrin which binds them together
anteriorlyi In the posterior part of the cavity there is an accumulation of yellow
turbid fluid. Between the upper and lower lobes behind the midlobe there is an
enclosed pocket filled with this turbid exudate (Fig. 4). Pericardial cavity.—
Contains 500 cc. of turbid fluid. The surfaces are covered with a thick shaggy
layer of fibrin. Left lung.—The upper lobe is greatly distended with air and the
bronchioles are normal except in the lower part where they become the centers
of small grey nodules surrounded by hemorrhage. The lower lobe is completely
collapsed, and on section dark purple in color but studded with small grey nodules
about 2 mm. in diameter which in places become confluent. Right lung.—The
bronchial glands are much enlarged, the lung is very bulky and heavy and cov-
ered with thick fibrinopurulent exudate. Most of the lung except the apical
portion is collapsed. The smaller bronchi are grey and thickened, especially in
the lower lobe where they form innumerable small grey nodules, several to each
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lobule. The interlobular septa are prominent and grey. Lzver.—Surface smooth
and mottled, lobules large and very distinct with grey margins and dark red
centers.

Microscopic Examination.—The right lung is most extensively affected, prac-
tically all the alveolar walls being much thickened by the mononuclear infiltration.
The changes in this lung are thus not exclusively in the bronchi. The pleura
is thickened by a vascular granulation tissue over which lies the fibrinous ex-
udate. Thisis best seen in the interlobar space where the fibrin loses its stain-
ing power where the bacteria become most abundant. Streptococci are present
in great numbers in certain rarefied areas and there many of them are enclosed in
phagocytes so that they look like little balls of organisms. The interlobular septa
are much thickened both by edema and new formation of connective tissue cells
and by infiltration of mononuclear cells. The lymphatics are often greatly dis-
tended and thrombosed and loaded with streptococci. The bronchi are filled
with leucocytes among which streptococci may be found. Many have lost their
epithelium. In others the bronchial epithelium is lifted up by a rich granulation
tissue which has developed beneath it. In all, the wallis greatly thickened and
very vascular and densely infiltrated with mononuclear cells. The alveoli in the
neighborhood but also throughout rather wide areas of the lung substance contain
much free blood. This hemorrhage is widespread. They also contain dense
fibrin, desquamated epithelial cells,and mononuclear cells,but in many places this
type of exudate is replaced by newly formed connective tissue which is richly
vascular and which runs from one alveolus to another. In the alveoli which en-
close the denser masses of fibrin no bacteria are found. There are, however, a
few alveoli which contain polymorphonuclear leucocytes and these are full of
streptococci. In the bronchi the exudate is frequently replaced by long branching
cylinders of fresh vascular connective tissue. These may stretch from one wall
of the bronchus to the other (Fig. 5). The infiltration of the whole framework of
the lung with mononuclear cells and its general thickening through new formation
of connective tissue cells are a striking feature.

The bronchial lymph, glands are swollen and hyperemic, their peripheral lymph
sinuses are full of large phagocytic cells,’and often plugged by a fibrin network.
Bacteria arc present, but not in great numbers and not in phagocytes.

The liver shows extensive fresh focal necroses mostly in a midzonal position.
They are irregular in form and extent. All the liver cells remain in position as
red necrotic cords, and leucocytes are packed among them.

The pericardium shows a rather fresh fibrinopurulent exudate without any
organization. The layer of lining cells is still intact.

Cultures from the heart’s blood, lungs, and pericardial exudate showed Strep-
tococcus haemolyticus.

This is a typical case of interstitial bronchopneumonia with empyema and
pericarditis with exceptional infiltration and induration without very extensive
or marked peribronchial consolidation. Bacteria numerous in lymphatics.
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Case 32.—R. S., age 25 yrs. Patient had a cold with cough dating from Dec.
15, 1917. Illness began with measles about Feb. 2, 1918; entered another
hospital Feb. 4. Transferred to this hospital Feb. 7. Still shows a fading macular
eruption and marked conjunctivitis. Throat injected and covered with whitish
membrane in patches. Dulness at the bases of both lungs behind. Breathing
not distinctly tubular. Rales over the whole lung. Temperature 99.6° F., pulse
120, respiration 32-34. Very restless and delirious. Died Feb. 9, 1918, 4.25
a.m. Sputum showed influenza bacilli and a few streptococci. Culture from
circulating blood gave no growth. Autopsy Feb. 9, 1918.

Anatomical Diagnosis: Clinical history of measles. Bilateral interstitial bron-
chopneumonia. Subacute fibrinous pleuritis.

Left pleural cavity—The cavity contains a little yellowish fluid, about 150 cc.
At the apex of the lung are a few fibrous adhesions and denser ones exist between
the lower lobe and diaphragm. The pleura over the posterior surface of the lung
is dark greyish red and roughened by exudate. Right pleural cavity.—Largely ob-
literated by old adhesions especially in the lower part. There is no accumulation
of fluid and no fresh fibrinous exudate, but the surface is covered by a pleura
thickened to the consistency of stiff kid leather. Left lung.—The lung is volumi-
nous and in general distended with air except for one area of collapse in the lower
lobe. On section it is studded throughout with minute nodular areas of consoli-
dation which project like tubercles. The bronchi are somewhat reddened, the
bronchial glands moderately enlarged. Right lung.—This lung is insufflated with
air in all three lobes. The upper lobe shows some atelectatic patches which are
firmer than the remainder of the lobe. These are 2 cm. in diameter. On section
there are found scattered over the whole cut surface of the upper and lower lobes
small grey nodules 1 to 2 mm. in diameter which resemble miliary tubercles. On
close examination many of these nodules have a central depression which appears
to be the lumen of a bronchiole. Many of them are pale yellowish grey with a sur-
rounding paler grey zone. A few are surrounded by distinctly collapsed areas.
There are lobules in which a dozen or more of these nodules are visible on the cut
surface and il which hyperemia with some hemorrhage makes them stand out
prominently. In the more insufflated areas they are less conspicuous and it seems
possible that the thin grey halo may be due to collapse or obliteration of the im-
mediately adjacent alveoli. The bronchi are reddened but not dilated.

" Epiglottis, uvula, larynx, and trachea show no especial abnormality, although
the lymph glands about the larynx are enlarged.

Microscopic Examination.—~The pleural surface of the right lung shows a dense
vascular fibrous tissue beneath which is a looser tissue. There is a strand or two
of fibrin in its most superficial part. The interlobar space is obliterated by
similar tissue.

The bronchi are only slightly altered (Fig. 6). They are in their smaller
branches filled with leucocytes among which a few streptococci can be found.
No influenza bacilli can be found in the sections. The epithelium is irregularly
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interrupted, and in some cases extensively desquamated. In places leucocytes
have accumulated beneath it. The walls of these bronchi and bronchioles are,in-
filtrated with cells among which there are a few leucocytes. Most of the cells,
however, are mononuclear wandering cells of the type of lymphocytes, a few
plasma cells, and cells of somewhat larger size with paler nucleus. - The adjacent
alveolar walls are similarly distended and thickened with mononuclear cells. The
epithelium of the alveoli is partly desquamated. The alveoli contain leucocytes
in the areas round the terminations of the bronchi but there is very little hem-
orrhage. Also there is very little fibrin and there are no solid plugs such as are
seen in more advanced cases. There is, however, coagulated fluid which fills the
alveoli round the minute areas of consolidation. There are a few rather more
extensive patches of consolidation in which for some distance the alveoli are filled
with leucocytes, ragged networks of fibrin, blood, and coagulated fluid, but these
too are distinguished by the marked infiltration of the bronchial and alveolar walls
and the walls of the blood vessels with mononuclear cells (Fig. 7). Apart from
these the alveoli are filled with air and have thin, delicate walls until the pleura
or larger blood vessels are approached. There the thickening of the walls again
appears. The interlobular septa are not very conspicuous and microscopically
are not much infiltrated. Lymphatics can be injected from the pleura, and
although they contain some small plugs of fibrin and cells, the injection is fairly
complete. The mucosa of the trachea is much inflamed and infiltrated with
mononuclears. There are a few streptococci upon its surface. The tonsils show
many streptococci in their crypts.

Cultures from both lungs showed Streptococcus kamolyticus and the influenza
bacillus.

Case 34.—J. W. G., age 18 yrs. Said to have had measles at the age of 7.
Began to feelill on Jan. 27, 1918, with coryza, conjunctivitis, sore throat, malaise,
and fever, but no chills. On Feb. 1 measles rash appeared and the patient en-
tered the hospital with a bad cough and abundant sputum. There was diffi-
culty in breathing, insomnia, and delirium. Pharynx reddened, old Koplik
spots on buccal musous membrane, dark purplish papular crescentic rash on face,
neck, chest, arms, and back. This later hecame confluent in places and assumed
a purpuric appearance. The rash began to fade on Feb. 5, but could be seen also
inthe mouth. Breathingdifficult especially on inspiration when accessory muscles
are brought into play. No definite localized dulness in the thorax nor any tubu-
lar breathing; moist riles heard everywhere. Feb. 6, (Dr. Cole) respiratory
movements slight, breathing almost entirely diaphragmatic. Marked retrac-
tion of lower chest on inspiration. Percussion note resonant over both sides
anteriorly and posteriorly. On auscultation, inspiration is loud and accompanied
everywhere by numerous coarse and medium mucous riles, but expiration is
practically not heard. Examination reveals no areas of definite impairment or
blowing breathing. Leucocytes 28,000. Temperature 100-104°F., pulse 100-140,
respiration 25-50. Died Feb. 10 at 2.30 a.m., 14 days after onset of measles.
Culture of sputum shows Streptococcus hamolyticus. Autopsy Feb. 10.
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Anatomical Diagnosis: Bilateral interstitial bronchopneumonia with fibrino-
purulent pleuritis.

Left pleural cavity.—Contains a moderate quantity of fluid which is turbid
and yellowish with a little floating fibrin. The pleura over the lung is dis-
tinctly thickened and white. Right pleural caviiy—Contains no excess of
fluid. The surfaces are smooth and glistening except over the posterior and
diaphragmatic surfaces where the gloss is lost. Left lung.—There are no adhe-
sions although the pleura is thickened and dull looking. The posterior and lower
part of the upper lobe is dense and on section it is found that in this region, which
extends about 4 cm. inward from the pleura, the interlobular septa are greatly
thickened and stand out prominently as greyish yellow ridges. The bronchi
are very much thickened and are filled with purulent exudate. In each of the
sharply outlined lobules there are several focal consolidations which correspond
with the terminal branches of the bronchi. The surrounding lung tissue is
greyish yellow, edematous, and rather translucent. The uppermost part of the
lung is air-containing (Figs. 8 and 9). Right lung.—The lung is voluminous and
its surface is smooth except over the base of the lower lobe where there is a thin
fibrinous exudate. In the upper lobe the interlobular septa are prominent and
there are a few projecting nodules which correspond to the bronchial branches.
The bronchi are very much thickened although the surrounding lung substance
appears to be air-containing. The lower part of the lower lobe shows the same
marking out of the lobules and thickening of the bronchi with small peribronchial
areas of consolidation. The upper portion and anterior parts of all the lobes are
air-containing. The bronchial glands are much enlarged.

Other organs appear normal.

Microscopic Examination.—The lungs show the most advanced changes. The
pleura over the left lung is thickened so as to form a layer of dense granulation
tissue upon the surface of which there is a thin interrupted layer of very compact
fibrin. The lymphatics in the pleura are not especially conspicuous. The inter-
lobular septa are very wide, as was observed in the gross specimen and are the
8eat of a great quantity of fluid and a network of fibrin. There are streptococci
scattered in the meshes of this fibrin in small numbers. This edema and infil-
tration of the interlobular septa is not universal. ‘In places the septa while
greatly thickened are quite dense and composed of new connective tissue. The
most striking feature of the sections is the presence of enormous lymphatics which
lie in the course of these interlobular septa or in one margin of the septum (Fig.
10). They form broad beaded canals often 2 mm. in width, each segment adjoin-
ing the next by a truncated end across which the septum can be seen. These
compress the adjacent alveoli. The endothelial.lining can be seen clearly in
places. They are filled with leucocytes, fibrin, and coagulated fluid, and mingled
with these are enormous numbers of streptococci in rather long chains.

The bronchi are altered in extreme degree (Fig. 11). ~Few of them retain their
epithelial lining in anything like its normal arrangement. In some it is com-
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pletely desquamated, in others lifted up as a whole and collapsed together (Fig.
12). In still others it is stretched out so that the cells are much flattened.
Some of the bronchi show a high columnar epithelium which appears to form a
layer several cells deep. The lumenof the bronchus is filled with leucocytes or a
mixture of leucocytes, red corpuscles, and desquamated epithelium with many
streptococci, but no other organisms. The walls are greatly thickened and
extremely vascular. Many new vessels must have been formed, and there are
evidently many newly formed connective tissue cells. The wall is thus com-
posed of a loose vascular tissue which is densely infiltrated with mononuclear
cells of various types. None of these is ever very large, however. The same
is true of the alveolar walls in a decreasing degree as one passes from the
bronchus, large vessel, interlobular septa, or pleura into the lung substance.
Nevertheless there are many areas in which the alveolar walls are thickened
and infiltrated over a wide extent of tissue. In the alveoli near the affected
bronchi there are desquamated epithelial cells and mononuclear wandering cells
together with a dense mass of fibrin. In many places this fibrin is distinct-
ly invaded by new connective tissue cells and in places even by blood ves-
sels. The organization is nowhere complete, however. The fibrin tends to
decrease as one passes from the bronchus, and the more outlying alveoli are
filled with fluid and red corpuscles. These together with the degenerated
and desquamated epithelial cells probably give the yellowish color to the
wide zones surrounding the affected bronchi. There are, however, in connec-
tion with some of these bronchi considerable areas of alveoli which are packed
with leucocytes held in a delicate network of fibrin and heavily loaded with
streptococci. The organisms in these patches are as numerous as one ever sees
pneumococci and are enclosed in phagocytes in the same way. That they are
streptococci is seen from their occurrence in long wavy chains, although most of
them are in pairs or short chains. The blood vessels are not markedly affected.
Thus in this case the advanced stages of the interstitial bronchopneumonia are
pretty well developed in association with patches of a more distinctly lobular
pneumonia, extensive collateral edema, and great distension of the lymphatics.
The enormous filling of the lymphatics with streptococci seems to afford the best
explanation of their transportation to the pleura. It is evident that the lymph
stream is stopped and that they must extend by their own growth.

The bronchial gland is densely infiltrated with large mononuclear cells so that
its architecture is almost obliterated. It isvery hyperemicand containsenormous
numbers of streptococci in the sinuses.

Case 37.—A. H., age 24 yrs. Had pneumonia in 1914 when he underwent
an operation for resection of a rib for empyema. For several days prior to Jap.
28, 1918, had a cold. On that day felt sick, aching all over, chill with fever
and vomiting. Entered hospital Jan. 29. Examination Feb. 11 showed extreme
respiratory difficulty with cyanosis. Measles rash over whole body. Con-
junctivitis. Inspiration seems especially difficult and cyanosisis out of proportion
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to the signs in the chest. No definite dulness or tubular breathing anywhere.
Large moist riles over the entire chest. Patient remained in same condition ex-
tremely sick until Feb. 13 when he died, 16 days after the onset of measles. Spu-
tum was yellow, mucopurulent, and contained influenza bacillus and Streptococcus
hemolyticus. Blood culture taken Feb. 11 was negative. Autopsy Feb. 13,
1918, 1 hour after death.

Anatomical Diagnosis: Clinical history of measles. Bilateral inlerstitial broncho-
preumonia with fibrinopurulent pleuritis.

Left pleural cavity—Contains 500 cc. of turbid fluid with thick floating
shreds of fibrin; between the lung and the pericardium there are slight ad-
hesions.  Right pleural cavily—Obliterated by firm adhesions. There is a
scar in the posterior axillary line on the right side over the 9th rib, part of
which was removed in the old empyema operation. The two epnds of the rib
are connected by fibrous tissue, and spicules of bone have grown out into
this portion which evidently contained periosteum. Left lung.—The lung is
not very voluminous, the lower lobe being partly collapsed. The upper lobe
is air-containing throughout, the apex and anterior border being especially
distended. At the upper posterior tip of the lower lobe there is a firm area.
Right lung (Fig. 13).—Voluminous and in general air-containing. There are,
however, some collapsed patches in which one can feel nodules. On section
the lung is found to be studded throughout with small greyish nodules which
project in groups of two or three. One can readily see with the naked eye that
they are the branches of the bronchioles with greatly thickened opaque yellowish
white walls and central lumen. Some of them are surrounded by zones of col-
lapse, others by a halo of dark greyish red. The bronchi when opened are grey,
not especially reddened or distended with exudate. The bronchial glands are
enlarged. Trachea and main bronchi are somewhat reddened.

Cultures at autopsy from the blood gave no growth. From the right lung
Streptococcus hemolyticus and the influenza bacillus were recovered.

Microscopic Examination.—The left lung shows a pleura slightly thickened and
composed of edematous new tissue covered with a dense layer of fibrin. The
bronchi are dilated and are quite large even near the pleura. The epithelium is
stretched out into thin flat cells. They contain leucocytes with very few strepto-
cocci in chains but great numbers of influenza bacilli. The walls of the
bronchi are extraordinarily thick. They are loose in texture as though spread
out by edema. The original tissue can no longer be recognized but is re-
placed by the lattice work of new fibers among which there are many mono-
nuclear wandering cells. The adjacent alveolar walls are distinctly widened by
the infiltration of such mononuclears, but they are not very thick. The alveoli
contain dense networks of fibrin, many desquamated epithelial cells, and some
mononuclears. In places there are alveoli filled with leucocytes. The inter-
lobular septa are not conspicuous, and lymphatics are hardly to be found.
The blood vessels are practically unchanged in appearance. Such a portion of



L]

28 PNEUMONIA IN ARMY CAMPS

the lung appears solid because of the confluence of the areas of consolidation
from one bronchiole to another.

In the right lung the striking feature is that the alveolar tissue between the
bronchi is air-containing and made up of very thin walled alveoli. The pleura is
thickened, but the thickening is produced by many frayed out layers of old fibrous
tissue which formerly bound the lung to the chest wall. There is no fibrin. The
interlobular septa are thick, dense, and fibrous without much evidence of recent
inflammatory change. The bronchi are greatly altered, and contain in most
cases a mass of leucocytes, but the epithelial lining is usually intact, at least
in part. The wall is very thick and dense and is somewhat infiltrated with
mononuclear cells. In many cases the great thickening of the bronchial wall is
all that attracts attention because the adjacent alveoli are normal. In other
places the epithelium is partly desquamated; the surrounding alveoli are filled
with organizing dense fibrin and mononuclear cells (Fig. 14). The organization
of the fibrin appears to begin in, or extend into the bronchi, for the exudate is
often found partly replaced by new connective tissue. There are in other places
still patches of alveoli directly associated with an affected bronchus which are
filled with leucocytes or fibrin. These give the character of lobular pneu-
monia, or would if they were extensive or numerous enough.

The dense old thickening of pleura, interlobular septa, and bronchial walls,
in contrast with the changes in the opposite lung, suggests that these more chronic
or finished changes may have dated from the time of his previous empyema with
operation. Nevertheless most of the small peribronchial foci of infiltration in
this lung which project like tubercles over the whole surface are undoubtedly
the result of the present infection.

Case 39.—C.L. A., age 19 yrs. Had whooping cough when a baby, measles at
the age of 9, diphtheria at 12, and mumps and scarlet fever at 14. Began on Jan.
23, 1918, with a chill, fever, headache, and nosebleed. No conjunctivitis, coryza,
or sore throat. Has had no rash at any time, although on his transfer card was
the diagnosis measles. Entered hospital Jan. 25 with cough and shortness of
breath, with pain over left chest and left side of abdomen. Is extremely sick,
cyanotic, and cold. Breathing shallow and rapid. Clear mentally. Eyes
bright with no conjunctival hemorrhages. Physical examination of the chest
shows shifting flatness on the left side with tympany in the axilla and a definite
splash on shaking. Breath sounds over the tympanitic front are amphoric. On
the right side there is dulness over the lower back. Breath sounds distant; ex-
piration is indistinct. Numerous moist and sonorous riles. Heart is greatly
displaced to the right. On Feb. 13 aspiration of the left chest yielded a thin
purulent fluid which in films and cultures showed Streptococcus haemolyticus in
pure culture. Sputum foul, greyish white, purulent, and tenacious. Contains
Streptococcus hamolyticus and B. influenze. Blood culture negative. Died
Feb. 14, 1918, 4 a.m. Autopsy Feb. 14, 1918, 10 a.m.



WILLIAM G. MACCALLUM 29

Anatomical Diagnosis: Doubtful clinical history of measles. Bilateral interstitial
bronchopneumonia with fibrinopurulent pleuritis and preumothorax (left).

Left pleural cavity.—Contains air. There are also 1,500 cc. of thin turbid
brownish fluid with very little floating fibrin. The sediment settles leaving the
fluid almost clear. Right pleural cavity.—Contains no excess of fluid. Pleural
surfaces anteriorly smooth and glistening, but over the posterior part of the lung
they have lost their gloss. Left lung.—The lung is small and heavy and appears
to be entirely collapsed. The pleura over it is grey, slightly thickened, and
studded here and there with hemorrhages over its slightly roughened surface.
The uppermost part of the upper lobe can be distended with air, but the lower
and posterior parts remain collapsed. The bronchi are dilated and thickened
and the small branches are surrounded by a grey-yellow zone which is solid.
The upper part of the lower lobe can be distended. The lower part is solid,
but it can be seen easily that each tiny branch of the bronchi is thickened and
surrounded by its own yellowish solid nodule and there it is the confluence of
these nodules which gives the solidity to the whole. In the lowermost edge there
is even a portion which can be distended with air although most of the bronchioles
are packed with exudate. The bronchi are widened and their walls thickened
there also, and one has the sensation of cutting a rubber tube when they are
opened with scissors. Right lung (Fig. 15).—The lung is voluminous and shows
a smooth pleuralsurface. When distended with air it is found that a patch in the
upper lobe at the lower margin and one in the lower lobe above the middle re-
main dense and nodular. Each bronchiole on section is thickened and yellow
and surrounded with a little zone of consolidation and a wider zone of hemor-
rhage. The large bronchi are reddened, but the lung otherwise seems normal.

Cultures at autopsy from the pleural fluid, pericardial fluid, blood, and both
lungs show Sireptococcus hemolyiicus.

Microscopic Examination.—The lesion in the left lung is rather more advanced
than in the right, but of the same character. The pleura is thickened, but inter-
lobularsepta are not greatly widened. The bronchi in the left lung have in many
instances retained their epithelium, although the wall is greatly thickened and
infiltrated. Hemorrhage is common in this wall and in the adjoining tissue. The
infiltration and thickening of the alveolar walls extend quite wide of the bronchi.
In places there is complete loss of the epithelium, and a bronchus except for its
orderly arrangement of blood vessels in the wall would resemble an abscess.
Very few streptococci are visible even in the bronchi. The surrounding tissue is
consolidated not only by the interstitial thickening of the alveolar walls, but by
the alveolar exudate which is composed partly of fibrin, blood, and epithelial cells,
and is partly already organized into a loose connective tissue. Hemorrhage is
abundant in the alveoli and in the tissues. There are several areas where the
alveoli are filled with an exudate of polymorphonuclear leucocytes. These are
somewhat richer in bacteria.
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Case 41.—P. A. 1., age 20 yrs. Began Jan. 28, 1918, with chill, fever, and
cough. Rash appeared Jan. 31, but there was no conjunctivitis or coryza. Ad-
mitted to hospital Feb. 2. Sweats profusely, complains of difficulty in breathing,
and coughs a great deal. There is marked cyanosis, patient half sitting up in bed
and bringing into play the accessory muscles of respiration. Face flushed, rash
well marked over the body. Pharynx very red. Dulness over left axilla and
lower back and in right interscapular region. Breathing distinct but not tubular.
Numerous sonorous rales. Left chest aspirated Feb. 13, but no fluid obtained.
Sputum grey and purulent and tenacious; contains Streptococcus haemolyticus as
predominating organism. Blood cultures made on Feb. 13 and 14 when patient
was dying gave pure culture of Streptococcus hemolyticus. Died Feb. 14, 1918,
17 days after the onset of measles. Autopsy Feb. 14, 1918.

Anatomical Diagnosis: Clinical history of measles. Bilateral interstitial broncho-
preumonia with serofibrinous pleuritis.

Left pleural cavity.—Contains about 300 cc. of turbid fluid with shreds of
fibrin. The pleural surface of the upper lobe of the lung is smooth, while that
over the posterior part and lower lobe is roughened by fibrin. Right pleural
cavity.—Contains about 500 cc. of turbid fluid. The surfaces are roughened by
fibrin. Left lung.—The bronchial lymph glands are very soft and large. The
bronchi contain a greyish mucoid material. The upper lobe of the lung is pale
and air-containing, the lower lobe partly airless and dark red. On section the
upper lobe is studded with small yellowish grey nodules 2 to 3 cm. in diameter
with a central lumen. These are prominent, but when the lung has been har-
dened and freshly cut they appear as small branching bronchi with thickened
walls and opaque purulent contents. In the lower lobe the bronchi are thick,
dark red, and prominent, and stand open. The nodules surrounding the small
ones are larger than in the upper lobe, granular, yellowish grey and red, and con-
fluent. Alveolar contents can be seen to project in these nodules. On longitu-
dinal section of the bronchi the yellow opaque contents contrast with the thick
grey wall and the outer zone of hemorrhages followed by the grey granular con-
solidation. The‘walls of these bronchi in the smaller branches are 1 mm. thick
(Fig. 16). Right lung.—The anterior portions of the lobes are air-containing,
while the posterior parts are dark red, heavy, and airless. The upper lobe can
be partly insufflated. It is studded with yellowish grey peribronchial nodules.
Interlobular septa broad and conspicuous. In the posterior part the lung be-
comes solid, the peribronchial nodules are large, 1 to 2 cm. in diameter, and
of a uniform yellow color (Fig. 17). They have a ragged central bronchial lumen
and are separated from neighboring consolidations by a deeply hemorrhagic
solid lung substance. This contrast between bright yellow nodules of homo-
geneous consistency and the deep red intervening areas is very striking and gives
a peculiar marbling not seen in other cases. Nevertheless this is only an exag-
geration of the conditions found in other lungs. The lower lobe is firm and
densely studded with rather large peribronchial nodules about the smaller
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bronchi. It is the smaller branches of the bronchi whose walls become greatly
thickened. One finds on passing to the larger ones that their walls are practi-
cally unaffected. Bronchial glands are large and soft.

Cultures from the blood, lungs, and pericardial fluid showed Streptococcus
hemolyticus in pure culture. '

Microscopic Examination.—The same general condition is found throughout
both lungs. It is the interstitial bronchopneumonia described so often, but de-
veloped to its maximum. The pleura is not greatly thickened, but is covered
by a thin layer of dense fibrin in most places. The interlobular septa are wide
and contain large lymphatic channels choked and distended with masses of cells
and fibrin. Many of these cells are polymorphonuclear leucocytes, while others
are mononuclear cells.

The bronchi are dilated, often to such an extent as to reduce their lining epi-
thelium to a flattened layer throughout. It is probable that this is not a mere
effect of stretching, but is caused in part by this. The lumen is full of leucocytes
with relatively few streptococci. These organisms do not in this case penetrate
into the tissue in any great numbers and are scarcely to be found in the alveoli,
although they are found in the distended lymphatics. No other bacteria are
found. The wall of the bronchus is sometimes colossally thickened (Fig. 18)
and forms a dense mass of mononuclear wandering cells embedded in a meshwork
which is composed of the original connective tissue and muscle of the bronchus.
But to this there has evidently been added a great deal of new connective tissue
which is extremely vascular, especially just beneath the epithelium (Fig. 19).
Possibly this great vascularity represents only the extreme hyperemia of the pre-
existing tissue. One might regard this as the result of enormous hyperplasia of
the minimal supply of lymphoid tissue which exists in the normal bronchial
wall. Possibly that is a correct interpretation for some of it, since in other less
advanced cases it is sometimes seen that the lymphoid tissue is much increased
in bulk, and even becomes continuous to form a mantle about the bronchus.
Occasionally these bronchi are surrounded by air-containing tissue whose al-
veolar walls are then almost normal. But usually they are surrounded by a
considerable area of lung tissue consolidated by the filling of the alveoli with
blood, desquamated epithelial cells, and fibrin, together with a few mononuclear
cells (Fig. 20). In such areas the alveolar walls are greatly thickened by mono-
nuclear invading cells, and this is especially true of the tissue about blood
vessels and septa. The appearance is similar to that seen in other cases except
that everything is exaggerated in this case.

The large dense yellowish white areas described in the upper lobe of the right
lung represent the extreme of this exaggeration. They have central bronchi and
are made up of tissue whose framework is densely infiltrated but whose alveoli
are filled with solid masses of fibrin enclosing very few cells. There are no leu-
cocytes and only a few remnants of epithelial or mononuclear cells. Blood has
ccased to exist in these alveoli, but there is a beginning organization of the fibrin.
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In the periphery of such areas red blood corpuscles become very numerous in the
alveoli and still farther out are the predominant elements. It gives the impres-
sion that red corpuscles were at one time present in the alveoli which are now so
densely filled with fibrin. The blood vessels in these lungs are not altered except
by the great infiltration of their walls with mononuclear cells, and in the larger
ones by the thrombosis of their adventitial lymphatics. They are never throm-
bosed.

Case 49.—C. P., age 21 yrs. No previous history of exanthematic disease.
On Feb. 9 vomited, after which he began to have fever. Next day noticed a
faint redness over the skin of the chest. Entered hospital I'eb. 11 with a bright
red rash over chest, neck, face, abdomen, and arms. Diagnosis of scarlet fever
was made. Feb. 18, the urine showed a faint trace of albumin, no casts. Be-
came restless and delirious. Dulness with réles over upper and midlobes of right
lung. Died Feb. 21, 1918. Autopsy Feb. 21, 1918, at 2 p.m.

Anatomical Diagnosis: Clinical history of scarlatina. Interstitial bronchopneu-
monia with empyema (right). Bilateral lobular prneumonia.

Left pleural cavity—Contains no excess of fluid. Surfaces of the pleura smooth
and glistening. Right pleural cavity.—The lower lobe of the right lung is adherent
by fibrinous adhesions to the costal pleura and diaphragm. The anterior margin
of the lung is adherent to the pericardium by light fibrinous adhesions. Between
the lower lobe and the pericardium there is a pocket containing about 75 cc. of
greenish yellow turbid fluid with shreds of fibrin. The upper lobe is collapsed and
between it and the chest wall there is an accumulation of slightly turbid greenish
fluid in which there are large floating shreds of fibrin. The surface of all the lobes
is covered by a fibrinous exudate which in places measures 3 mm. in thickness.
Left lung.—The surface is smooth and the lung is in general air-containing and
easily inflated. In the anterior portion of the lower lobe there are several small
arcas in which the alveoli are filled with an exudate of greyish red color. There
are also a few bronchi which show a thickened wall and are surrounded by a
hemorrhagic zone. Right lung.—The lung is small and collapsed with a thick-
ened pleura. /The lobes are bound together and covered by a thick yellow coat of
fibrin. The upper lobe is air-containing in its apical portion but in the lower
part the bronchi are thickened and surrounded by greyish zones of consolidation
which tend to become confluent. The intervening lung substance is grey and
rather translucent. The lower lobe is uniformlystudded in its posterior portion
with thickened bronchioles with grey confluent halos partly separated by a
darker grey-red intervening lung substance. The interlobular septa are wide
and prominent. The bronchial lymph glands are large and softened. Kidneys.
—No gross abnormality.

Cultures from pleural fluid, right lung, and heart’s blood all show Streptococcus
hemolytious.

Microscopic Examination.—Theright lung shows a thickened pleura with granu-
lation tissue covered with fibrin. The interlobular septa are wide and infiltrated
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with fluid, fibrin, and mononuclear cells. The lymphatics are not very con-
spicuous. The bronchi contain leucocytes and show desquamation of epithelium
with thickening, infiltration, and hyperemia of the wall. The adjacent and even
quite far distant alveoli present similar infiltration and thickening of their walls.
They contain much fluid with desquamated epithelial cells or are filled with dense
fibrin. Organization of this exudate has occurred in places. There are a few
areas in which the alveoli are filled with an exudate of leucocytes and fibrin, but
these are not so numerous as might be expected from the gross appearance. This
isessentially an interstitial bronchopneumonia following scarlatina, with very few
foci of lobular pneumonia. The sections show few streptococci but contain
large bacilli resembling B. subtilis and many Gram-negative bacilli which appear
to be B. influenze.

Case 167.—W. J. H., age 27 yrs. Began with scarlet fever on Mar. 18, 1918,
and after recovery from that developed measles on Apr.11. On Apr. 21 suffered
from severe pain in chest. Aspiration of the right pleura gave a turbid fluid
which contained Streptococcus hemolyticus. The diagnosis of lobar pneumonia
with consolidation of the right lower lobe was made on Apr. 22, and confirmed
by x-ray. Empyema on the right side was recognized on May 1, and the patient
died on May 4, at 6.15 p.m. Cultures at autopsy were contaminated, but the
blood showed Staphylococcus aureus, the left lung and right pleura a non-hemo-
lytic streptococcus. Autopsy May 5, 1918.

Anatomical Diagnosis: Interstitial bronchopneumonia with abscess formation.
Empyema (right).

There are two needle punhcture wounds in the midaxillary line on the right
side, one over the 6th, the other over the 7th interspace. Left pleural cavity.—
Contains no fluid. Surfaces smooth and glistening. Right pleural cavity.—
The anterior portions of the pleural cavity are free from adhesions and the
surfaces are smooth. Posteriorly there are adhesions which can be easily broken
through and there is then found behind the posterior part of the lower lobe
a cavity thickly lined with fibrinous exudate and containing about 50 cc. of
turbid brownish fluid. The lower part of the lower lobe isadherent. Left lung.—
Air-cofitaining throughout except for a few obsolete tubercles. Right lung.—The
anterior portions of the upper and lower lobe and the whole of the middle lobe are
air-containing. The posterior part of the upper lobe is solid; the area of consoli-
dation measuring about 4 cm. in diameter is, on section, grey, smooth, and elas-
tic, with thickened pleura. Over the flabby, heavy posterior part of the lower
lobe there are large irregular areas where the pleura is smooth and glistening but
apparently necrotic. These areas are easily broken through, disclosing ragged
confluent cavities half filled with soft shreddy necrotic lung substance. On
section much of this lobe is collapsed without definite consolidation, but the
cavities are formed in a greyish red, smooth, and elastic area of consolidation.
They are crossed by bridges containing large blood vessels and are sharply out-
lined by a yellowish necrotic layer. A bronchus entering one of these cavities
loses its wall abruptly.
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Microscopic Examination.—The consolidated portion of the right lung shows a
great deal of thickening and infiltration of the alveolar walls, of the bronchi,
and of the interlobular septa. In places the interstitial thickening of the tissue
especially of the alveolar walls is great and there is much, infiltration of poly-
morphonuclear leucocytes in addition to the mononuclear wandering cells. Many
of the alveoli are reduced to very small cavities lined with high cubical epithelium
or filled with desquamated epithelium. There is widespread organization of the
exudate. There are also some rather small patches of lobular pneumonia with
the alveoli filled with leucocytes. The cavities are formed, however, independ-
ently of these in the more indurated tissue in which there is chiefly desquamation
of epithelium. Their walls are made up of a layer of vascular granulation tissue
lined with necrotic material and fibrin. In other places there is no such granu-
lation tissue and merely the sudden cessation of the dense lung tissue and its
replacement by coagulated necrotic material. This is loaded with chains of
streptococci, but no other organisms are seen.

Case 171.—C. S., age 28 yrs. Had no predisposing disease. No history of
recent measles. Began suddenly on Apr. 21, 1918, with a pain in his chest.
The diagnosis of lobar pneumonia involving the right lower lobe was made upon
entrance into the hospital and confirmed by x-ray. The diagnosis of em-
pyema was made later and a resection for drainage was performed on Apr. 24.
The pleural fluid gave a culture of Streptococcus hemolyticus. Died May 5, 1918.
Autopsy May 6, 1918.

Anatomical Diagnosis: Interstitial bronchopneumonia (right). Empyema (bilat-
eral). Acute nephritis.

Left pleural cavity.—Contains about 350 cc. of reddish brown liquid with
floating flakes of fibrin. The surfaces posteriorly are deep red in color and
covered with fresh shaggy fibrin. Right pleural cavity.—In the right back
4 cm. below the angle of the scapula and in the line of the 10th rib
there is a wound 6 cm. long which extends into the pleura. The right lung
is displaced far upward, the lower lobe being adherent behind between the 2nd
and 3rd ribs. The apical part of the lung is densely adherent. The pleural
cavity extends about the back of the lung as high as the second rib and is widely
open below the lung. Its surfaces are covered with a thick yellow fibrinous exu-
date. Left lung.—The posterior portions of the upper lobe and most of the
lower lobe are collapsed but can be inflated easily. There are no areas of con-
solidation. The smaller bronchi are slightly reddened and contain sticky mucus
in the lower lobe but they are not thickened. Right lung.—The lung is com-
pletely airless except for a small part of the upper lobe. The lower part of the
upper lobe feels firm, the lower lobe flabby and soft. On section it is found that
the lower part of the upper lobe is uniformly consolidated through an area about
5 cm. in diameter. The middle lobe can be completely inflated. The lower lobe
presents in its posterior part some bronchi with purulent contents which are sur-
rounded by irregular grey patches of consolidation. The remainder of the lung
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is smooth and satiny on section but quite collapsed. Kidneys.—Alike and meas-
ure about 12 by 6 by 3.5 cm. They look rather swollen. The capsule strips off
smoothly leaving a greyish surface. On section the cortex measures 7 cm. in
thickness. It is pale and the labyrinthine portions of the striations are opaque
and yellow but straight. The glomeruli are visible as pale dots.

Cultures at autopsy from the right lung and both pleural cavities showed
Streptococcus hemolyticus.

Microscopic Examination.—The consolidated portion of the upper lobe of the
right lung is found to be covered with a thick exudate of fibrin which overlies
a vascular granulation tissue. This tissue becomes very wide and edematous
at one point where it extends over the lung and connects with a broad inter-
lobular septum. Blood vessels are numerous in this tissue and the lymphatics
are wide but not thrombosed. The bronchi are very wide, their lining layer
thrown up into many folds. The epithelium is preserved and as a rule the lu-
men is filled with leucocytes among which are streptococci. The walls are mod-
erately thickened, hyperemic, and infiltrated with mononuclears. The lung
substance is in large part collapsed. The alveolar walls are not greatly infil-
trated or thickened but contain desquamated epithelial cells and fluid. There is
nowhere any exudate of leucocytes and nowhere much fibrin, although a little is
to be seen here and there. There are many alveoli in one part which contain
strands of a hyaline compact fibrin. In other sections the thickened bronchi are
conspicuous in a less atelectatic lung tissue.

The kidney shows in general a cloudy swelling of the epithelium. The glom-
eruli are often rather enlarged and show capillaries distended with leucocytes
and blood, these elements being also found in the tubules. There is much inter-
stitial infiltration of the tissue with mononuclear cells and leucocytes in patches
which occur in both cortex and the outer zone of the pyramid.

In this case the lung is compressed by the pleural effusion, but itself shows rela-
tively little pneumonic alteration. Nevertheless there is a distinct infection of the
bronchi and a characteristic alteration of their walls.

Case 174—G. R., age 28 yrs. No history of measles or other predisposing
disease. Began gradually on Apr. 5, 1918, with a pain in the chest and cough.
On Apr. 8 diagnosis of lobar pneumonia involving right lower lobe was made.
Radiograph on Apr. 12 showed involvement also of the right upper lobe with
possible accumulation of fluid in the pleural cavity. This was confirmed by
aspiration on the same day and the patient was referred to the surgeon for
operation. The 8th rib was resected and drainage established. Died May 7,
1918. Autopsy May 7, 1918, 5 hours after death.

Anatomical Diagnosis: Interstitial bronchopnewmonia (right). Empyema with
operative drainage and multiple encapsulated residual collections of pus. Fresh
fibrinopurulent pleurisy (left).

Left pleural cavity—Contains about 1,500 cc. of opalescent yellow fluid, with
shreds of fibrin. The surface is covered with a very thick layer of loose shaggy
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fibrin which stretches across the cavity in great ropes. The lung is slightly
adherent at the apex and that portion is fairly voluminous. The rest of the
lung is plastered against the mesial surface of the cavity and is entirely col-
lapsed. The lower lobe is adherent to the diaphragm and to the posterior
wall of the pleura by fresh fibrinous adhesions. Right pleural cavity.—The upper
lobe of the lung is adherent by frail adhesions obliterating tliat part of the
pleural cavity. There are dense adhesions over the lower posterior border of
this lobe and the posterior part of the lower. There is a pocket of greenish
yellow pus between the pericardium and the mesial border of the middle lobe.
Over the 2nd and 3rd ribs there is a distinct pocket of pus which on removal of
the lung is left between two layers of the parietal pleura. Small pockets exist
between the base of the lung and the diaphragm. Left lung.—The lung is prac-
tically completely collapsed except at the apices of the lobes and is covered with a
thick fibrinous exudate. Inflation with air does not completely distend the whole
lung, leaving patches of collapse in the lower and posterior parts of both lobes.
There are some indefinite projecting greyish nodules in the posterior part of the
lower lobe, but otherwise there is no consolidation. Right lung.—The lung is
heavy. The anterior portions of all lobes appear to be air-containing. The
bronchial glands are large, dark greyish red, and pigmented. The surface of the
lung is torn by separation of old adhesions and cannot be inflated. On section
the upper lobe is normal in texture and air-containing. The lower lobe is also
air-containing except in the lower part which is pasty and airless and presents
some pale yellowish grey projecting nodules. The bronchi are not conspicuously
thickened in the rest of the lung.

Cultures at autopsy showed Streptococcus hemolyticus in the heart’s blood and
right and left pleura. Those from the lungs were sterile.

Microscopic Examination.—The left lung is fairly well distehded. The pleura
is thickened and freshly vascularized and has lost its covering layer of cells.
The fibrin has been rubbed off in the scction.  The tissue itself shows no con-
spicuous interlobular septa, but all the bronchioles contain purulent exudate and
show infiltration of their walls which is sometimes quite marked. The alveoli
contain some fluid and sdme desquamated cells, but except in the neighborhood
of the bronchioles they are little altered.

The right lung is covered with a thick layer of granulation tissue with fibrin.
The interlobular septa are much more prominent than those of the left. The
bronchiin a section from the lower border of the lower lobe are all much infiltrated
with mononuclears and filled with purulent exudate. The alveolar walls are
greatly thickened everywhere and infiltrated with mononuclear cells, but they are
all collapsed and contain no exudate except a few desquamated epithelial cells.
The lymphatics are in places filled with leucocytcs, but are not prominent. This
appears to explain the gross appearance of such a lung which is soft and flabby
and rather satiny upon the cut surface. It is easy to recognize.the fact that it is
collapsed and not filled with a fibrinous exudate, but the thickening of the alveolar
walls is likely to escape the unaided eye.

.
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Case 178.—C. A., age 28 yrs. Began Apr. 22, 1918, with typical measles,
coryza, conjunctivitis, and red macular rash over body and face. On May 5,
began to have cough with sputum, and some dyspnea with cyanosis. There
was no definite 