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During the 10 years which have passed since
the disease now designated as primary atypical
pneumonia began to take form as a definite
clinical entity, considerable progress has been
made in studies of its clinical and epidemio-
logical aspects (1). Progress in etiological stud-
ies, however, has been comparatively slow. The
isolation of a number of infectious agents from
single patients or small groups of patients (2 to
10) has made it clear that the clinical syndrome
under discussion is of diverse etiology and that
the human organism, like a variety of experi-
mental animals, may show a somewhat similar
clinical and pathological response when any one
of a number of unrelated nonbacterial infectious
agents is introduced into the lower respiratory
tract. At the same time, there is no convincing
evidence that the great majority of cases re-
ported have been due to any of the viruses or
rickettsiae isolated up to the present.

The discovery that an infectious agent in the
sputum or lungs of patients with primary atyp-
ical pneumonia produced a pneumonic infiltra-
tion when inoculated intranasally into cotton
rats (11) opened a new line of approach. In-
vestigation was further facilitated by the sub-
sequent demonstration that this agent, pre-
sumably a virus, multiplied when introduced
from human material into the amniotic sac of
the chick embryo and that suspensions of in-
fected chick embryo tissues produced a similar
pneumonic response in cotton rats and hamsters.
The properties of this virus, which is apparently

1 The studies and observations on which this paper is
based were supported by the International Health Division
of The Rockefeller Foundation.

2 Representing the Commission on Influenza, Board for
the Investigation and Control of Influenza and Other
Epidemic Diseases in the Army, Preventive Medicine
Service, Office of the Surgeon General of the United
States Army.

not related to influenza virus (type A or B),
psittacosis-like viruses, or the rickettsia of
Q-fever, have been described elsewhere (12).
It was found that serum taken early in the
course of the disease failed to neutralize the
virus, but that convalescent serum consistently
protected the test animals. On the basis of this
neutralization test, it has been possible to
classify a group of cases of primary atypical
pneumonia of a type which has, up to the present
time, fallen into the category of unknown
etiology.

The correlation of the clinical and pathological
findings in the various types of primary atypical
pneumonia with the responsible etiological agent
constitutes an important problem at the present
time. In a previous report (13), clinical, labora-
tory, and pathological data have been presented
on a group of 10 patients with atypical pneu-
monia from whom psittacosis-like viruses were
isolated. It was emphasized that infections
due to those agents were comparatively rare and
differed in certain important respects from those
not due to psittacosis-like viruses. The purpose
of this paper is to present similar data on another
group of cases of primary atypical pneumonia,
together with evidence that they were caused
by this new atypical pneumonia virus. Criteria
of proof of such an etiological relationship are
(I) demonstration of virus in lung or sputum
during the course of illness by animal inoculation
or by adaptation to chick embryos, (2) demon-
stration of an increase in neutralizing antibody
during or after recovery from the illness, or
preferably (3) both.

The 16 cases presented represent that form
of primary atypical pneumonia which has oc-
curred frequently in this area during the past
4 years, either as an epidemic or endemic disease.
The group is somewhat weighted in favor of the
more severe cases because these are more readily
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investigated. It is of considerable interest that
most of the patients in the group developed sig-
nificant titers of cold agglutinins (14).

MATERIAL AND METHODS

Clinical material. The cases studied, with one excep-
tion, were selected from a larger group of approximately
- 100 cases which occurred in students at the University of
California in Berkeley and at the University of California
Medical Center in San Francisco during the period from
July 1942 to March 1944. All the patients were between
19 and 27 years of age. Ten of them were males. The
single fatal case occurred at Letterman General Hospital.

Isolation of virus. Specimens of sputum or lung were
ground with alundum, diluted with broth to 10 or 20 per

cent suspensions, lightly centrifuged, and inoculated intra-
" nasally in 0.4 ml. amounts into cotton rats under ether
anesthesia. Animals were sacrificed 7 to 14 days later,
and the result was interpreted as positive when a definite
area of pulmonary consolidation was present. Attempts
to produce similar consolidation consistently by passage
of lungs have, to date, failed or have been masked by the
acquisition of other viruses, presumably of animal origin.

For this reason, isolation and passage in the amniotic
sac of chick embryos has been used for most purposes.
One strain was adapted to eggs from a sterile specimen of
human lung without filtration. Two other strains were
derived from sputum specimens which had been filtered
through collodion membranes of 600 mu average pore
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diameter. Passage has been made in 11- or 12-day-old
embryos at 5-day intervals, amniotic membrane, trachea,
and lungs being ground together for passage material.
Presence of virus was detected by inoculating suspensions
of these tissues intranasally into hamsters or cotton rats.
Pulmonary consolidation like that following sputum inocu-
lation was observed if virus was presentin sufficientamounts.

Neutralization tests. Suspensions of chick embryo
tissues, previously tested for ability to produce pulmonary
consolidation in test animals, were mixed with an equal
volume of serum. Acute and convalescent sera were
inactivated and diluted with an equal volume of horse
serum before mixing with the virus suspension, the test
serum dilution being 1:4. After 20 minutes’ incubation
at room temperature, these suspensions were inoculated
intranasally into hamsters or cotton rats. Four animals
were tested with each suspension. Hamsters were sacri-
ficed at 7 days and cotton rats at 12 to 14 days. The
results were expressed as a fraction, the numerator indi-
cating the number of animals showing pulmonary con-
solidation, and the denominator, the total number tested.
A mixture of the original virus suspension with an equal
amount of horse serum served as virus control, while a
suspension of normal amniotic membrane, trachea, and
lungs and an equal amount of horse serum served as
animal control. Because the virus is labile, animals
receiving the convalescent serum suspension were always
inoculated before those receiving the acute serum suspen-
sion. Results of neutralization tests, together with certain
clinical and laboratory findings, are presented in Table I.

TABLE 1

Summary of certain clinical and laboratory findings, cold agglutination tests, results of inoculation of sputum
into cotton rats, and neutralization tests in 16 cases of primary atypical pneumonia

Cold agglutinin titers Result | Neutfalization
High- | Dura- . ocula-
Case est tion White blood  Lobes tion of
temp. of cell range involved sputum Con-
fever Day bled Titer corton | bhcute | vales-
rats serum
°F. days 7]
Ir (104 9 | 58001t09,600 | RLL 5%, 37t 2/2 | 3/4 | O/4
Ki |103.6| 14 | 8,800 t09,550 | RML, RLL 7*, 43t 2/4 | 2/8 | 0/8
Pa |101 | 12 9,300 RML * | 7% 13,274 10, 80, 40 12 | 6/7 |0/
Gi |103.6] 9 8,450 RLL, LLL 3* 11, 371 <10, 40, 40 4/6 | 2/4 | 0/4
Yo |104 9 | 5,500 to 12,400 | RUL, RLL 4* 16, 26, 80t | <10, 2,560, 640,320| 7/12 | 3/8 | 0/8
Sn |[104 10 4,950 RLL 6* 9, 16t <10, 80, 320 2/2 | 2/4 | 0/4t
Mu |104 14 | 5,100 to 8,300 | RUL 4*, 12, 18t <10, 40, 1,280 6/9 | 67 | 0/7
Bu [104.8] 24 | 7,750 to 37,600 II%II: RUL, LLL, | 4*, 12, 25t, 461 | <10, 80, 160, 20 5/9 | 6/11 | 0/11%
So {102 8 | 8,200 to 13,200 | LLL 7%, 12, 19, 27t 20, 320, 160, 80 3/3 | 0/33
Do |101.8] 16 |10,000 to 7,900 |LLL, RLL 8*, 14, 21, 28t 5, 40, 160, 160 4/4 | 0/41
Hu |104.8| 19 | 7,650 to 11,600 | RLL, LLL 7%, 14, 21, 281 | <10, 320, 160, 80 | 6/10 | 1/4 | 0/4
Kr |1014| 7 | 6,600 to 10,700 | LLL 7*, 16t, 76 <10, 160, 10 3/8 | 0/8t
Mur [ 101.8] 8 | 9,100 to 8,900 | RLL 6*, 151, 60 <10, 80, 10 3/4 | 1/4
Ta |1034| 16 | 8 200 to 13,100 | RLL 4* 10, 19, 31t | <10, 10, 80, 80 1/4 | 4/4§ | 0/4
Pg |101 8 8,200 RML 5% 11, 21, 50t | <10, 80, 80, 40 3/48 | 0/4
De|| |105.4]| 12 | 8,000 to 22,000 | LLL, LUL, RLL, 8/27
RML, RUL

* Acute serum. .t Convalescent serum

neutralize at dilution of 1:16 or more.
In the last three columns numerator indicates number of positive animals; denominator the total number tested.

IE})ecu'nerl used in neutralization tests. { Serum shown by subsequent test to
§ Neutralization test done in chick embryos. || Died.
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CLINICAL PICTURE

The onset of the disease was, in most instances,
gradual. Presenting symptoms most frequently
noted were malaise, cough, feverishness, head-
ache, and moderate aching. Chilly sensations
were common, but true chills infrequent. Sore
throat, if present, was not severe (15). Pleuritic
pain was not noted, though chest pain, either
retrosternal in location or felt along the costal
margin, was present in several instances. Cough
was often troublesome and persistent. Sputum
was scanty, usually tenacious, greenish in color,
and occasionally streaked with bright red blood.
On physical examination, the patient did not
appear severely ill unless considerable areas of
lung were involved. Slight dulness and scat-
tered moist riles were often the only findings on
examination of the chest. Later in the course
of the disease coarse riles were heard and signs of
consolidation sometimes appeared.

Admission white blood cell counts ranged from
4,950 to 10,000. As the illness progressed, par-
ticularly when it was severe, the white blood cell
count tended to rise. Thus, in the single fatal
case (De) it rose to 22,000 before death, and in
another extremely severe case (Bu) a count of
37,500 was recorded at the height of the disease.
Sputum cultures revealed only the usual pharyn-
geal organisms. Stained smears showed few
bacteria and a relatively sparse cellular exudate
in which mononuclear cells were common.
X-rays of the lungs showed small or extensive
infiltrations. Lateral films were often of value
in disclosing minimal lesions. Not infrequently,
the areas of pneumonia continued to spread for
several days or new areas were noted, but the
migratory type of pneumonia was uncommon.

The temperature curve was either very irregu-
lar or fairly sustained, and usually fell by lysis.
Most patients began to show clinical improve-
ment and clearing of x-ray findings within 10
days of onset. At no time did they appear very
ill. In others, however, the pneumonic process
continued to spread and the patients became
desperately ill and showed intense dyspnea and
cyanosis. The one fatal case was remarkable
in that within 11 days the pneumonia had in-
volved most of one lung and more than half
of the other. Herpes labialis was noted in
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patients with high fever. The spleen was pal-
pable in one patient (Yo) during the first week
of illness. Disturbance of cerebral functions was
infrequent even in those patients who were most
seriously ill. Convalescence was slow, many
patients complaining of weakness, dyspnea on
exertion, and persistent cough. No other se-
quelae have been observed.

CASE SUMMARIES

Three cases are presented in detail. The
first, a comparatively mild one, was selected as an
example of the type of case most frequently
seen. The second case, which was extremely
severe, and the third, which terminated fatally,
represent less common types, but present a num-
ber of points of unusual interest. Clinical data
on these 3 and 13 other cases are presented in
Table I.

Case 1. Gi, a male, aged 22, awoke on March 21, 1943,
with a tickling sensation in his throat. That evening he
felt feverish and complained of generalized aching and
malaise. Next day these symptoms were more pronounced
and a troublesome cough had developed which produced
small amounts of tenacious greenish sputum. It is of
interest that the patient’s brother, with whom he was
living, had previously suffered a similar attack of primary
atypical pneumonia, beginning on March 1, 1943, and had
shown a rise in cold agglutination titer from less than 10
during the acute phase to 40 during convalescence. The
2 brothers were in contact with each other until March 9.

On admission to the University of California Hospital on
March 22, the patient’s temperature was 103.6° F., pulse
100, respirations 20, and blood pressure 108/80. He did
not appear acutely ill, but complained of severe generalized
headache, retro-orbital soreness, and occasional pain in
his right ear. His skin was hot and dry, his nose moder-
ately congested; but no other symptoms were noted.

Course: On March 24, slight dulness and a few crackling
riles were noted at the base of the right lung. These
became more prominent during the following days. The
temperature remained elevated until March 29, with daily
peaks of 102.2° or more, and fell by lysis. Throughout this
period, the patient felt and looked comfortable and con-
tinued to eat well. Headache and cough were the most
troublesome symptoms. Recovery was fairly rapid.

Laboratory findings: On March 23, the blood count
showed 5,000,000 red blood cells (hemoglobin 14 grams)
and 8,450 white blood cells with 70 per cent polymorpho-
nuclears (F./N.F. 34/36). Sputum examination was nega-
tive for pneumococci and acid-fast bacilli. Chest x-ray
on March 23 showed a small patch of pneumonitis in the
right lower lung in the cardiohepatic angle. On March 29,
this area had spread and involved a good deal of the right
lower lobe and there was evidence of minimal spread to the
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middle of the left lung. On April 22, the lungs appeared .
normal.

Suspensions of sputum collected on the fourth day of
disease produced pulmonary lesions in 4 of 6 cotton rats.
Cold agglutination titers (as shown in Table I) of serum
specimens taken on the third, eleventh, and thirty-seventh
days of disease were less than 10, 40, and 40, respectively.

Case 2. Bu, a female, aged 20, noted aching and
malaise on April 26, 1943. During the following 2 days,
these symptoms became more troublesome, and in addition
she complained of cough, feverishness, restlessness, and
anorexia. Slight wheezing with respiration was noticed.
She was admitted to Cowell Memorial Hospital on April 29.

Physical examination: The patient’s temperature was
100.2° F., pulse 84, respirations 22. She did not appear
acutely ill. Cough was frequent and produced moderate
amounts of tenacious, yellowish sputum. Conjunctivae
and pharynx were injected. Fine and coarse riles were
heard ovet the right lower lobe as far anteriorly as the
axillary line.

Course: The high, spiking temperature curve is repro-
duced in Figure 1. On May 1, bronchial breathing was
heard over the right lower lobe and the patient was placed
in an oxygen tent. On May 5, dulness was noted over
the right lower lobe and bronchial breathing was heard
over most of the right lung and over the upper half of the
left lung. On May 6, respirations were wheezing in
character. By May 7, respirations had risen to 38,
cyanosis was marked, and the patient appeared seriously
ill. On May 9, 200 ml. of pooled plasma from 3 patients
recently convalescent from primary atypical pneumonia,
who had shown significant cold agglutinin titers, were
given intravenously. On the next day, the patient
appeared somewhat more alert and 300 ml. more of the
same pool of plasma were given. One hour later, her pulse
had risen to 140 and she was apprehensive and sweating

Do
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profusely. That evening, the respiratory rate was 50,
pulse 156, and the patient appeared moribund. She
remained in an extremely critical state throughout the
next day, and then slowly improved. Her temperature
meanwhile had fallen and subsequently did not exceed
101°, though another 10 days passed before it returned to
normal. Convalescence was slow, but at last report
there were no sequelae. Sulfadiazine was given from
May 3 to May 10, the blood level on May 4 being 7.1 mgm.
per cent. No effect on the course of the illness was seen.

Laboratory findings: Admission white blood cell count
was 7,750. As the illness progressed, the count rose
steadily. On May 9, it was 17,200, with polymorpho-
nuclears constituting 86 per cent (F./N.F. 56/30). On
May 12, it was 37,600. It dropped to 24,400 on May 15,
to 19,700 on May 20, and to 9,200 on May 30. Sputum
cultures showed a growth of Staphylococcus aureus and

.alpha streptococci, but were negative for pneumococci,

beta streptococci, and acid-fast bacilli.

Chest x-ray on April 29 showed a fairly extensive
pneumonic area at the base of the right lung, lobar in
character, and mottling near the left hilum. On May 6,
films showed an extensive pneumonia involving much of
the right lung and the middle portion of the left lung.
On June 3, there was much clearing, but slight residual
infiltration on both sides. On June 11, clearing was more
complete, but an area of increased density, which suggested
fibrosis, remained at the left apex.

Sputum collected on April 29 and May 6 was tested in
cotton rats. The results with both specimens were posi-
tive, 5 out of 9 animals showing pulmonary consolidation.
Later, this material was passed through a collodion
membrane of 600 mu pore diameter, and the virus was
adapted to chick embryos. This strain has been carried
through 25 passages and is neutralizable by the convales-
cent sera of this and other patients with atypical pneu-

6 18 20 22 24 26 28 30

°E l I
105
104
103
102
101
100

Temperature

T T T T T T 1T 1T 1T T 1
Bu.F-20 Onset: App. 26,1943

T 11

2 A

99

Ao A ™
VARAYARTARER Voo

Conv.
plasma

)

Spyum

cotton
rats

F

Ay

df) A

Suitfa-
diazine

FiG. 1.

TEMPERATURE RECORD OF PATIENT (Bu) WHOSE ILLNESS

Was UNUSUALLY SEVERE



ATYPICAL PNEUMONIA DUE TO A NEW VIRUS

monia. The acute serum does not neutralize the virus.
The results of serial cold agglutination tests are recorded
in Table I.

Case 33 De, a male, aged 26, was admitted to Letter-
man General Hospital on November 11, 1942, with a
history of an illness of 4 days’ duration. Complaints
during this period were coryza, sore throat, cough, fever-
ishness, malaise, generalized muscular pains, and anorexia.
Symptoms had become markedly worse on the day of
admission.

Physical examination: The patient’s skin was hot and
dry. The right nostril was obstructed and the pharynx
injected. Respiratory movements were equal and shallow
because deeper respiration incited cough and pain in chest.
Slight dulness to percussion was noted at the bases of both
lungs, and many fine moist riles were heard throughout
the lungs, particularly at the bases. Blood pressure was
118/50. Examination of the heart showed it to be normal.

Course: Fever remained high, with peaks reaching
105° F. The patient soon became markedly dyspneic and
cyanotic and was placed in an oxygen tent. Signs of
pneumonia became more prominent over the right upper
lobe and the whole left side. The cough was troublesome,
but virtually no sputum was raised. Sulfadiazine was
given throughout hospitalization in doses of 1 gram every
4 hours and an adequate blood level was obtained, but no
effect was apparent. Dyspnea became progressively
worse, and the patient died on November 17.

Laboratory findings: Admission blood count showed
3,770,000 red blood cells and 8,000 white blood cells, with
normal distribution. Subsequently, the white blood cells
rose to 11,000, to 16,000, and finally to 22,000 on November
16. Urinalysis showed albumin (4 +). Throat swabs
and a single sputum examination failed to show pneumo-
cocci. Chest x-ray taken on November 11 revealed an
extensive bronchopneumonia in the left lower lobe. On
November 15, x-ray showed an extremely extensive
bronchopneumonia involving both lobes on the left and
parts of all three right lobes.

Autopsy findings: Post-mortem examination was made
within 1 hour after death. Intestines were markedly
distended. A slight excess of blood-tinged fluid was found
deep in the peritoneal cavity. Both pleural cavities
contained about 200 ml. of slightly blood-tinged fluid.
The pericardial cavities contained about 200 ml. of pale
straw-colored fluid. :

The right lung weighed 1,085 grams, the left 945 grams.
The lungs were similar. On palpation, from apex to base,
there were noted innumerable distinct and confluent soft
and firm nodules, which varied from about 1 to 4 cm. in
diameter. Lymph nodes at the hilum were somewhat
enlarged, soft, and greyish between the areas of pigmenta-
tion. Bronchi were distended with yellow, purulent,
frothy exudate. Beneath the pleura the nodular foci
appeared as lighter or darker areas against the slate-grey

3 This case is reported through the courtesy of the
Medical. and Laboratory Branches, Letterman General
Hospital, from whom the clinical and pathological findings
were obtained.
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background. Except for a number of areas over the left
lung, where dull and granular areas were covered with a
pinkish-red exudate, the pleura was smooth and showed
no exudate. On cut surface, the nodular areas could be
seen as distinct or confluent, frequently poorly circum-
scribed, dry granular foci of irregular size and shape,
which stood above the cut surface of the lung. The
nodules were sometimes pink and duller than the sur-
rounding tissue. Some were grey and many had a
yellowish cast, as though slightly broken down. This
pneumonic process extended from apex to base, involving
all lobes.

The heart weighed 430 grams. The right auricle and
ventricle were markedly dilated. The coronary arteries
were smooth, and the lumens were patent. The myo-
cardium was red and of good tone. The spleen weighed
250 grams. The cut surface showed a soft grumous red
pulp, and the follicles were not observed. The brain
weighed 1,640 grams. Cerebral vessels were markedly
congested, particularly the pial vessels. Other organs
showed nothing noteworthy.

Microscopic examination: All sections (Figure 2) taken
from different portions of the two lungs showed a pneu-
monic reaction which might be classified as an atypical
bronchopneumonia. Practically all combinations of cellu-
lar, fibrinous, and serous exudate could be found in the
various alveoli, the exudate in some appearing fresh, while
in others it seemed to be undergoing resolution. In some
sections, the character of the pneumonia was that of a
discrete bronchopneumonia. In other areas, the pneu-
monia was of the confluent bronchopneumonic type.

Certain features in the inflammatory reaction were of
interest. In the first place, there was a good deal of fibrin
present, much of which was distributed peripherally and
appeared tightly adherent to the inner wall of the alveolus.
In the second place, there were certain areas in which it
seemed that the exudate was breaking down and abscesses
were forming. In these areas, the exudate was cellular,
often consisting predominantly of polymorphonuclear
leukocytes. Necrosis of the alveolar walls had apparently
occurred and the center of the pneumonic focus seemed to
be undergoing liquefaction. A third point of interest was
that in certain areas the exudate appeared to be undergoing
organization, the process consisting almost exclusively of
invasion by young fibroblasts with no proliferating capil-
laries observable. A fourth point of interest was the
marked morphological change which had taken place in
the epithelial lining of a few of the bronchi. Here the
epithelial lining had changed wholly or in part to a stratified
squamous type. The appearance of the epithelial lining
of these bronchi was that of a pavement type of epithelium
with loss of cilia, squamous cells on the surface, and prickle
cells interspersed in the deeper layers. Mitotic figures
were extremely numerous. In several sections showing
strips of pleura, the pleura was practically always free of
exudate. .

The coronary arteries were normal. Sections of myo-
cardium revealed sporadic degenerated and necrotic muscle
fibres, some being lumpy and pale, and in certain instances
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PLATE 1. Section from edge of a small discrete pneumonic focus, showing dense
cellular exudate in alveoli in upper portion and comparatively sparse cellular exudate
with numerous macrophages in lower portion. X120.

PLATE 2. High magnification of same section, showing composition of alveolar
exudate. Small mononuclear and polymorphonuclear cells predominate and occasional
macrophages are seen. The alveolar septa are not markedly thickened. X400.
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PLATE 3. Section from another area, showing fibrin distributed peripherally along
some of the alveolar walls. The exudate in this area is less cellular. X 120.

PLATE 4. Section showing metaplasia of the bronchial epithelium. The ciliated
columnar epithelium has changed to an irregular stratified squamous type. X400.

F16. 2. SecrioNs FROM LuNGs OF PATIENT (DE) wiTH FATAL CASE OF PRIMARY ATYPICAL PNEUMONIA. SECTIONS
STAINED WITH HEMATOXYLIN AND EOSIN
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showing loss of striation. The small capillaries of the
myocardium were markedly congested, and some contained
numerous leukocytes. In one or two sections, leukocytes
were present in the somewhat edematous interstitial tissue
outside the capillary walls. There were, however, no
definite areas of infarction and no specific rheumatic
nodules. Sections from other organs showed nothing
noteworthy.

Etiological studies: Cultures of lung tissues remained
sterile after 72 hours. Impression smears showed no
bacteria or elementary bodies. Suspensions tested intra-
nasally in cotton rats produced pulmonary lesions in 8 of
27 animals. Without filtration, the virus in the human
lung suspension was adapted to the amniotic sac of chick
embryos and has been carried through 45 passages. This
procedure was subsequently repeated. Suspensions of
amniotic membrane, lungs, and trachea retain their
infectivity for cotton rats and hamsters and are neutralized
by convalescent serum from other persons who have had
primary atypical pneumonia. The properties of the virus
isolated from this patient have been described in detail in
a separate publication (12). A cold agglutination test
run with serum pipetted from the lung specimen showed a
titer of less than 10.

DIFFERENTIAL DIAGNOSIS

An attempt to differentiate primary atypical
pneumonia from other diseases is rendered difh-
cult by the fact that several diseases of different
etiology have been included under this heading.
The observations which follow will therefore be
restricted to the type of the disease prevalent in
the area which the cases described in this report
represent. While these cases present a fairly
characteristic picture, the number of the diseases
which may cause difficulty in diagnosis is very
large. Thus, mild cases with slight or, perhaps,
no pulmonary involvement may closely resemble
certain nonbacterial upper respiratory infections,
particularly influenza and other influenza-like
diseases.

The more familiar form of the disease, with
slight or extensive pulmonary involvement, must
be distinguished on the one hand from bacterial
and mycotic pneumonias, and on the other from
pneumonias due to other viruses and rickettsiae.
Pneumococcal lobar pneumonia presents several
features very uncommon in primary atypical
pneumonia, notably pleuritic pain, rusty sputum,
and leukocytosis early in the disease. Broncho-
pneumonias due to pneumococci, streptococci,
staphylococci, and other bacteria may cause
more difficulty. Those primary atypical pneu-
monias restricted to upper lobes or presenting a
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very diffuse pneumonia may closely resemble
pulmonary or miliary tuberculosis. The picture
of primary coccidioidal pneumonia may be verv
similar, and isolation of Coccidioides immitis and
serological tests may be necessary for differential
diagnosis (16). It is possible that the cold
agglutination test may prove extremely useful
in separating out the primary atypical pneu-
monias, but further substantiation of this point
is needed.

The clinical differences between primary
atypical pneumonia and pneumonias due to
psittacosis-like viruses or Q-fever are sometimes
too slight to permit differentiation, but suspicion
may be directed toward the psittacosis group
when a severely ill patient shows marked im-
pairment of cerebral function and prominent
gastro-intestinal symptoms, and appears gravely
ill despite the fact that the area of lung involved
is comparatively limited. A history of avian
contact should be sought. Laboratory proce-
dures, including isolation of virus and demonstra-
tion of an increase in antibody to the agent in
question are usually required.

TREATMENT

Symptomatic therapy, directed chiefly toward
relieving headache and cough, was used in all
cases. Only in the most severe cases were
sulfonamides employed, and in no instance was
any response observed. Oxygen was adminis-
tered to 6 patients and appeared to have a
beneficial effect. One patient (Bu) received a
pool of convalescent plasma from patients who
had previously shown high cold agglutinin titers.
Her temperature fell after the second transfusion,
but her condition never appeared worse than
during the following day. X-ray therapy was
not tried.

DISCUSSION

The cases of primary atypical pneumonia
studied at this laboratory can be divided into
two main groups: (I) a large group presenting
the same general characteristics as the cases
described above, and (2) single cases or small
groups of cases due to a variety of agents, in some
instances psittacosis-like viruses, in others un-
known agents. While the occurrence of clear-cut
epidemics of the former tvpe suggests a single
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etiology, it is by no means certain that the group
is homogeneous with respect to its etiology. The
data presented in this paper and in a. previous
publication indicate that a substantial propor-
tion of the cases of this type on which neutraliza-
tion tests have been done are due to this new
atypical pneumonia virus. It has already been
shown that the virus can cause an illness which
varies in severity from a comparatively mild one
to an extremely severe or, in rare instances, a
fatal one. The number of cases studied is small,
however, and no definite statement can be made
at the present time concerning the frequency of
infection with the virus in this and other areas.

The occurrence of cold agglutinins in the sera
of most of those patients whose illness was shown
to be due to the new virus raises the question
whether a significant increase in cold agglutinin
titer following a respiratory disease represents a
specific response to a single etiological agent or a
relatively nonspecific response to any one of a
number of agents. The cold agglutination tests
done in this laboratory on a large number of
sera from patients in the first group have shown
that more than half of the persons studied de-
veloped significant (40 or more) titers during
the latter part of their illness or during convales-
cence. Certain other patients with clinically
similar cases did not. Further combined cold
agglutination tests and etiological studies must
be made before it is possible to state in what
" proportion of pneumonias due to this virus cold
agglutinin titers rise. The frequency of high
cold agglutinin titers in pneumonias and upper
respiratory infections due to other agents like-
wise remains to be determined. Even in our
present state of knowledge, however, the test has
proved very useful, possessing the great ad-
vantage of simplicity of performance. Its chief
disadvantage lies in the fact that titers return
to within normal limits in a relatively short
time, thus curtailing its usefulness in epidemio-
logical investigation.

The comparatively infrequent cases compris-
ing the second group in which the etiology has
been determined represent, for the most part,
infections with viruses or rickettsiae present in a
variety of species of birds, mammals, or arthro-
pods, or occur as laboratory infections. As a
group, they tend to be more severe and not in-
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frequently terminate fatally. The largest num-
ber is caused by viruses in the psittacosis group,
3 of which have been isolated from human pa-
tients, namely psittacosis, the pigeon ornithosis
virus, and the S-F strain (13, 17). Because of
certain similarities in the clinical picture, incu-
bation period, and pathological findings ob-
served in psittacosis-like infections and in the
prevalent type of primary atypical pneumonia, it

" has been suggested that these or related agents

play an important part in the etiology of primary
atypical pneumonia (17, 18). Evidence to sup-
port such a hypothesis is at present lacking.
In this laboratory, less than 10 per cent of more
than 250 cases studied have been shown to be
due to viruses in the psittacosis group. We
have not observed pneumonias due to the
rickettsia of Q-fever or infections with the
lymphocytic choriomeningitis virus in which
pulmonary consolidation occurred.

Specimens of lung tissue from a considerable
number of persons, in which a bacterial etiology
has been definitely excluded, have failed to yield
any of the viruses mentioned in this paper.
This fact, together with certain observations,
such as that (19) of a pneumonia of infants
characterized by eosinophilic inclusion bodies,
makes it seem probable that a number of non-
bacterial infectious agents capable of causing
pneumonia remain to be discovered.

SUMMARY

1. Clinical and laboratory data have been
presented on 16 cases of primary atypical pneu-
monia assumed to be due to a recently isolated
virus.

2. This atypical pneumonia virus is transmis-
sible to chick embryos, cotton rats, and hamsters
and is apparently not related to previously de-
scribed viruses isolated from cases of atypical
pneumonia.

3. The clinical picture did not differ in signifi-
cant respects from that presented in other reports
of epidemics of primary atypical pneumonia.

4. The pathological findings in a fatal case
from which virus was isolated have been de-
scribed. ‘

5. Significant titers of cold agglutinins were
demonstrated in the convalescent serum speci-
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mens of all 13 patients in whom this test was
performed.
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